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Abstract

Purpose

Preventing falls in patients is one of the most important concerns in acute hospitals. Balance
disorder and hypnotic drugs lead to falls. The Standing Test for Imbalance and Disequilib-
rium (SIDE) is developed for the evaluation of static standing balance ability. There have
been no reports of a comprehensive assessment of falls risk including hypnotic drugs and
SIDE. The purpose of this study was to investigate the fall rate of each patient who took the
hypnotic drug and the factor associated with falls.

Methods

Fall rates for each hypnotic drug were calculated as follows (number of patients who fell/num-
ber of patients prescribed hypnotic drug x 100). We investigated the hypnotic drugs as follows;
benzodiazepine drugs, Z-drugs, melatonin receptor agonists, and orexin receptor antagonists.
Hypnotic drug fall rate was analyzed using Pearson’s chi-square test. Decision tree analysis is
the method we used to discover the most influential factors associated with falls.

Results

This study included 2840 patients taking hypnotic drugs. Accidents involving falls were
reported for 211 of inpatients taking hypnotic drugs. Z-drug recipients had the lowest fall
rate among the hypnotic drugs. We analyzed to identify independent factors for falls, a deci-
sion tree algorithm was created using two divergence variables. The SIDE levels indicating
balance disorder were the initial divergence variable. The rate of falls in patients at SIDE
level = 2a was 14.7%. On the other hand, the rate of falls in patients at SIDE level = 2b was
2.9%. Gender was the variable for the second classification. In this analysis, drugs weren’t
identified as divergence variables for falls.
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Conclusion

The SIDE balance assessment was the initial divergence variable by decision tree analysis.
In order to prevent falls, it seems important not only to select appropriate hypnotic drugs but
also to assess patients for balance and implement preventive measures.

Introduction

Falls and related injuries are important problems in acute hospitals. About 2% of hospitalized
patients experience falls during their hospital stay [1]. In one study, among the hospitalized
patients who experienced falls, 30% experienced mild injuries and 5% experienced severe inju-
ries [2]. Hip fracture is considered one of the most severe injuries caused by in-hospital falls,
due to complications reducing quality of life, increasing required staff hours, and incurring
unnecessary social cost [3]. The patients with a hospital-acquired hip fracture are already in
poor condition physically and mentally and have an especially poor outcome [4]. Thus,
patients with a hospital-acquired hip fracture have worse outcomes including death and dis-
charging to nursing care facilities than patients who fall outside of the hospital [5]. Moreover,
falls in the hospital are detrimental to the patient and can result in medical lawsuits. Therefore,
preventing falls in patients is one of the important concerns in acute hospitals.

Falls have multiple causes. Compromised physical function, including balance disorder and
gait disorder, lead to falls as well as hypnotic drugs [6]. Standing balance is important in pre-
dicting a patient’s risk of falling. The Standing Test for Imbalance and Disequilibrium (SIDE)
has been developed for the evaluation of static standing balance ability [7]. SIDE classifies the
patients into six grades, the classification of patients based on their abilities would facilitate
communication between medical staff and the development of fall-prevention programs. We
have started using SIDE in assessing hospitalized patients to prevent falls.

Some kinds of medications including hypnotics, antidepressants, anti-hypertensive drugs,
and diuretics cause falls [8]. Among them, hypnotics are often ordered as a single-use solution
for insomnia because insomnia is a common symptom in hospitalized patients. Benzodiaze-
pines have been widely prescribed for treating insomnia, however, they have severe side effects
such as rebound insomnia, delirium, dementia, and falls [9, 10]. To avoid these severe side
effects, benzodiazepines aren’t recommended to be prescribed for elderly patients [3], and
melatonin receptor agonists and orexin receptor antagonists have been developed [11, 12].
However, in one study, even zolpidem and suvorexant resulted in impaired balance ability ver-
sus a placebo [12]. Therefore, it is crucial to take into account the patient’s balance ability and
prevent falls when prescribing hypnotic drugs. To the best of our knowledge, there is no study
to investigate the relationship between balance ability and falls in hospital patients who took
hypnotic drugs.

The purpose of this study was to investigate the fall rate of each patient who took the hyp-
notic drug and the factor associated with falls.

Methods
Ethics

This study protocol conformed to the ethics guidelines of the Declaration of Helsinki, as reflected
in prior approval given by the institutional review board of Kurume University Hospital
(approval ID:20167). Informed consent from patients was obtained using an opt-out approach.
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Patients

We did a retrospective study and enrolled all hospitalized patients who were taking hypnotic
drugs from July to December 2020 at Kurume University Hospital. Our hospital has 1,018
beds in 23 medical departments. We summarized inclusion and exclusion criteria in Fig 1. We
obtained data of falls from incident and accident reports submitted by medical personnel.

Drugs

We investigated the top 6 hypnotic drugs that were often prescribed as follows; benzodiazepine
drugs (brotizolam), Z-drugs (eszopiclone, zolpidem), melatonin receptor agonists (ramelteon),
and orexin receptor antagonists (lemborexant, suvorexant). We extracted patient data from
prescription records of inpatient hypnotic drugs. Therefore, the number of patients is the total
number of patients. We also investigated the dosage of each patient.

We investigated other drugs as follows, angiotensin converting enzyme inhibitors, alpha
blockers, beta blockers, alpha beta blockers, loop diuretics, and selective serotonin reuptake
inhibitors which were previously reported to be the cause of falls [8, 13]. We defined polyphar-
macy as patients who were taking three or more drugs [14].

Evaluation of balance

The SIDE is useful to assess balance ability at the bedside by various medical personnel (Fig 2).
The accuracy of SIDE is validated by comparing the results with another functional balance
scale; the Berg Balance Scale [7]. We defined patients who were unable to do tandem standing
as having balance disorder (SIDE level 0, 1, and 2a).

Statistical analysis

Fall rates for each hypnotic drug were calculated as follows (number of patients who fell/num-
ber of patients prescribed a hypnotic drug x 100). Each hypnotic drug fall rate, age, and balance
disorder were analyzed using Pearson’s chi-square test. Logistic regression analysis was con-
ducted to investigate falls in each hypnotic drug. Decision tree analysis is a data mining

Hospitalized patients who were
prescribed hypnotic drug
(n = 3489)

Exclusion criteria
Patients can not stand or missing data
about balance assessment

(n=649)

Patients data analyzed in this study
(n = 2840)

Fig 1. Diagram of patient’s inclusion and exclusion criteria in this study. All patients admitted to our hospital from
July to December 2020 who were prescribed hypnotic drugs were included in the study. Finally, 2840 patients were
included in the analysis.

https://doi.org/10.1371/journal.pone.0272832.9001
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Fig 2. Standing Test for Imbalance and Disequilibrium (SIDE). The patients perform the static balance test in the following order, standing
with feet apart, standing with feet together, tandem standing, and standing on one foot. After checking which movements are possible or
impossible for the patient, the medical staff assesses the patients into six levels: Level 0, 1, 2a, 2b, 3, and 4. Level 0: The patient can’t stand with feet
apart without assistance. Level 1: The patient can stand with feet apart without assistance. However, the patients can’t stand with feet together for
more than 5 s. Level 2a: The patient can stand with feet together for more than 5 s. However, the patients can’t stand in a tandem position with
either foot forward. Level 2b: The patient can stand tandem with one but not the other foot in the leading position for more than 5 s. Level 3: The
patient can stand tandem standing with each foot forward for more than 5 s. However, the patient can’t stand on one foot more than 30 s. Level 4:
The patient can stand on one foot more than 30 s with either foot.

https://doi.org/10.1371/journal.pone.0272832.9002

technique that identifies high-priority factors [15]. Decision tree analysis reveals factors even if
no a priori hypothesis is imposed. Therefore, decision tree analysis helps to discover the most
influential factors associated with falls. This approach is useful to discover hidden factors that
cannot be identified by logistic regression analysis. Decision tree analysis can identify the com-
binations of factors that constitute the highest risk for a condition of interest [16]. Therefore, a
decision-tree algorithm was constructed to reveal profiles associated with falls. Subjects were
classified according to the indicated cut-off values of the variable. A p-value <0.05 was consid-
ered statistically significant.

Results
Characteristics of patients and falls rates

This study included 3489 patients, 649 patients were excluded because they couldn’t be
assessed by SIDE or data was missing. Finally, 2840 patients were involved in this study.
Median age of patients was 70.5 (59-77.9) years-old. Gender ratio of patients was male/female
(55% / 45%). Falls incidents occurred in 27 departments, and the most prevalent department
was Respiratory M edicine (13.1%) (Table 1). The drugs prescribed to the patients were as fol-
lows: benzodiazepine drugs; 276 (9.7%), Z-drugs; 722 (50.3%), melatonin receptor agonists;
413 (14.6%) and orexin receptor antagonists; 722 (25.4%). The SIDE levels of patients were
level 0 (n = 352, 12.4%), level 1 (n = 186, 6.5%), level 2a (n = 542, 19.1%), level 2b (n = 543,
19.1%), level 3 (n = 510, 18.0%), and level 4 (n = 707, 24.9%). The number of patients who
were assessed by SIDE to have a balance disorder was 1080 (38.0%).
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Table 1. Prevalence by department.

% n
Respiratory Medicine 13.10 372
Neuropsychiatry 9.79 278
Orthopedic Surgery 9.44 268
Digestive Surgery 8.20 233
Cardiovascular Surgery 7.78 221
Cardiovascular Medicine 6.23 177
Otolaryngology 6.16 175
Urology 4.82 137
Neurosurgery 4.30 122
Gastroenterology 3.59 102
Gynecology 2.99 85
Nephrology 2.99 85
Hematology 2.82 80
Ophthalmology 2.71 77
Dermatology 2.32 66
Palliative care 2.04 58
Internal medicine of endocrinology and metabolism 1.69 48
Respiratory Surgery 1.62 46
Medical Oncology 1.48 42
Radiology 1.41 40
Emergency Medicine 1.34 38
Plastic Surgery 1.30 37
Oral Surgery 1.20 34
Breast Surgery 0.49 14
Pediatric Surgery 0.11 3
Pediatrics 0.07 2

https://doi.org/10.1371/journal.pone.0272832.t001

Fall rates for each hypnotic drug

Fall accidents were reported for 211 (7.4%) of 2860 inpatients taking hypnotic drugs. The fall
rate for each hypnotic drug was as follows: Z-drug (5.5%); melatonin receptor agonist (7.5%);
benzodiazepine drugs (8.7%) and orexin receptor antagonists (10.7%) (Fig 3). The fall rate for
z-drugs was significantly lower than for benzodiazepine drugs, and orexin receptor antagonists
(p =0.0432, p < .0001). However, there was no significant difference in the fall rate between z-
drugs and melatonin receptor agonists (p = 0.1352).

Age, and balance disorder in each hypnotic drug

Patients who were prescribed melatonin receptor agonists and orexin receptor antagonists
were significantly older than those receiving z-drugs (p < .0001, p < .0001). There was no sig-
nificant difference in age between patients who were prescribed z-drugs and benzodiazepines
drugs (p = 0.1831) (Fig 4A).

Ratio of balance disorder in each hypnotic drug were shown in Fig 4B. Ratio of balance dis-
order in melatonin receptor agonists and orexin receptor antagonists were significantly higher
than those of z-drugs (p < .0001, p < .0001). There was no significant difference in balance
disorder ratio between z-drugs and benzodiazepine drugs (p = 0.3819) (Fig 4B).
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Fig 3. Fall rate for each hypnotic drug. Fall rate for z-drugs was significantly lower than those for benzodiazepine
drugs and orexin receptor antagonists. *: means statistically significant.

https://doi.org/10.1371/journal.pone.0272832.9003

Cox regression analysis for falls

Z-drugs were significantly associated with a decreased odds ratio of falls in the univariate anal-
ysis (p < .0001). Orexin receptor antagonists were significantly associated with an increased

A : Age in each patient who taking hypnotic drugs B : Ratio of balance disorder in each patient
who taking hypnotic drugs

o 1 1
80 . (%) .
r R 1 60.0
[
70
40.0
60
20.0
R
0 0.0
Z-drug melatonin benzodiazepines orexin receptor z-drug melatonin benzodiazepines orexin receptor
receptor agonist drug antagonist receptor agonist drug antagonist

Fig 4. Age and ratio of balance disorder and each patient who was prescribed hypnotic drugs. The patients taking z-drugs were significantly younger
than those taking melatonin receptor agonists and orexin receptor antagonists. The ratio balance disorder in the patients taking z-drugs was significantly
smaller than that of melatonin receptor agonists and orexin receptor antagonists. *: means statistically significant.

https://doi.org/10.1371/journal.pone.0272832.9004

PLOS ONE | https://doi.org/10.1371/journal.pone.0272832 September 1, 2022 6/11


https://doi.org/10.1371/journal.pone.0272832.g004
https://doi.org/10.1371/journal.pone.0272832.g003
https://doi.org/10.1371/journal.pone.0272832

PLOS ONE

Balance dysfunction assessed by SIDE was an independent factor in-hospital falls in patients taking hypnotic drugs

Table 2. Cox regression analysis for fall.

odds ratio of falls in the univariate analysis (p = 0.0002). Benzodiazepines drugs and melatonin
receptor agonists were not significantly associated with an increased odds ratio of falls in the
univariate analysis (p = 0.4024, p = 0.9541) (Table 2).

The multivariate regression analysis was done with variables related to falls; age, sex, dosage,
SIDE levels, the use of multiple drugs, angiotensin-converting enzyme inhibitors, alpha-block-
ers, beta-blockers, alpha beta-blockers, loop diuretics, and selective serotonin reuptake inhibi-
tors. Z-drugs were significantly associated with a decreased odds ratio of falls in the
multivariate analysis (p = 0.0135). Melatonin receptor agonists were not significantly associ-
ated with a decreased odds ratio of falls in the multivariate analysis (p = 0.24). Benzodiazepine
drugs and melatonin receptor agonists were not significantly associated with an increased
odds ratio of falls in the multivariate analysis (p = 0.089, p = 0.1128) (Table 2).

Decision-tree algorithm for falls

Decision-tree algorithm was done with variables related to falls; age, gender, dosage, SIDE lev-
els, the use of multiple drugs, and hypnotic drugs, angiotensin converting enzyme inhibitors,
alpha blockers, beta blockers, alpha beta blockers, loop diuretics, and selective serotonin reup-
take inhibitors. To clarify the profiles associated with falls, a decision tree algorithm was cre-
ated using two divergence variables and classifying the patients into three groups (Fig 5). The
SIDE levels were the initial divergence variable. Falls were seen in 2.9% of patients with normal
balance ability (the SIDE levels 2b, 3, and 4). Among the patients with balance disorders (the
SIDE level 0, 1, and 2a), gender was the variable for the second classification. Falls were seen in
11.4% of female patients. On the other hand, falls were seen in 17.8% of male patients. In this
analysis, drugs weren’t identified as divergence variables for falls.

Discussion

Hypnotic drugs and balance are two causes of falls. In this study, we investigated the relation-
ship between hypnotic drugs, balance and falls in hospitalized patients. Accidents involving
falls were reported for 211 (7.4%) of 2860 inpatients during hospitalization. Z-drug recipients
had the lowest fall rate among the hypnotic drugs. We analyzed to identify independent factors
for falls. However, hypnotic drugs weren’t independent factors of falls using the decision-tree
algorithm. The SIDE balance assessment was the initial divergence variable. In order to pre-
vent falls, it seems important not only to select appropriate hypnotic drugs but also to assess
patients for balance and implement preventive measures.

Factors Univariate analysis for fall odds ratio (95% Confidence interval, | Multivariate analysis for fall odds ratio (95% Confidence interval,
P-value) P-value)
Benzodiazepines drugs 1.21 1.50
(0.76-1.89, 0.4024) (0.94-2.39, 0.089)
Z-drugs 0.57 0.69
(0.42-0.75, < .0001) (0.52-0.93, 0.0135)
Melatonin receptor 1.01 0.78
agonists (0.68-1.50, 0.9541) (0.52-1.18, 0.24)
Orexin receptor 1.76 1.28
antagonists (1.31-2.37, 0.0002) (0.94-1.74, 0.1128)

https://doi.org/10.1371/journal.pone.0272832.t1002
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Fig 5. Decision-tree algorithm for falls in hospitalized patients taking hypnotic drugs. The pie indicates the
proportion of patients with falls (black) and without falls (white). The falls rate in patients at SIDE level 2a or lower was
five times the falls rate in patients at SIDE level 2b or higher. In addition, the falls rate in males was higher than in
females for SIDE level 2a or lower.

https://doi.org/10.1371/journal.pone.0272832.9005

The relationship between falls rate and hypnotic drugs

Z-drugs were developed to overcome disadvantages of benzodiazepine drugs, including confu-
sion, dependence, and abuse [17]. Z-drugs are safer and better as a first-line choice for treat-
ment of insomnia than benzodiazepine drugs [18]. The falls rate for z-drugs was significantly
lower than for benzodiazepine drugs in this study. Z-drugs were significantly associated with a
decreased odds ratio of falls in the multivariate analysis. On the other hand, Ishibashi et al.
have been reported that Z-drugs have a higher fall risk than benzodiazepines [19]. It remains
unclear why these results are different. However, there are two possible reasons. First, our
patients were younger than those of Ishibashi et al. In particular, the age of our patients who
were taking oral z-drugs was 64.1 years which was younger than that of the patients of Ishiba-
shi et al. Second, the study by Ishibashi et al. is a case-control study, with age- and gender-
adjusted patients. They compared the results in age- and gender-adjusted patients. Their study
included 44.3% and 67.9% of patients in the fall and control groups who were not taking hyp-
notic drugs. On the other hand, our study included only patients taking hypnotic drugs. These
two differences may be related to the results regarding z-drugs. In this study, z-drugs resulted
in the lowest fall rate, however, since all hypnotic drugs had some effect on falls in this study,
the physician should consider the risk of falls when prescribing z-drugs as well.

Orexin receptor antagonists cause less postural instability than other hypnotic drugs, and
do not impair alertness [20]. Orexin receptor antagonists are reported to be safe and effective
hypnotic drugs for older patients in a systematic review [21]. Although the fall rate for orexin
receptor antagonists was significantly higher than for z-drugs in this study, the causes remain
unclear. Possible reasons include the following. Patients receiving orexin receptor antagonists
were significantly older than those receiving z-drugs. Moreover, the ratio of balance disorder
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was higher in patients with orexin receptor antagonists than with z-drugs. This trend has been
reported in other studies. Ishibashi et al. [19] demonstrated that orexin receptor antagonists
were associated with falls and were often prescribed to elderly patients. Our hospital recom-
mends that physicians prescribe melatonin receptor agonists and orexin receptor antagonists,
not benzodiazepines, to prevent falls. Therefore, clinicians may have prescribed orexin recep-
tor antagonists to older patients with balance disorders when prescribing drugs for insomnia.
Orexin receptor antagonists are safe drugs, but the risk of falls should be considered when pre-
scribing them to elderly patients with a balance disorder.

The independent causes of falls

In this study, we investigated the independent causes of falls. Balance disorders assessed using
SIDE in decision tree analysis was an independent factor for causes of falls. The independent
factor resulting in falls showed to be the SIDE level rather than the types of hypnotic drug in
this analysis. This result may indicate that balance disorders need to be considered in addition
to the choice of hypnotic drugs in order to prevent falls. The SIDE is a method devised to iden-
tify and assess the ability to maintain balance in a static standing position, allowing a simple
assessment of patients immediately after admission to the ward [7]. Balance disorder was the
initial divergence variable. The rate of falls in patients at SIDE level = 2a was 14.7%. On the
other hand, the rate of falls in patients at SIDE levelZ2b was 2.9%. This result indicates the
patients who can stand in a tandem position rarely fall. Furthermore, Teranishi et al. reported
that no falls had been observed in patients at a SIDE level of 2b or higher in a rehabilitation
hospital in a previous study [22]. This aligns with our findings. The SIDE may be a useful tool
for assessing risk of falls in acute phase hospitals. Based on these results, while it is important
to select hypnotics that have fewer side effects such as falls, it is also important to implement
fall prevention in clinical practice by identifying high risk patients using balance assessment.

Limitation

This study has several limitations. First, our study evaluated balance function in patients who
took the hypnotic drug. We assessed patients’ balance ability at admission in this study. On the
other hand, the timing of hypnotic prescriptions varies. Some patients had begun taking hyp-
notics before being admitted, while others started them during hospitalization. This is a limita-
tion of this retrospective study. A prospective randomized controlled trial is needed to resolve
this issue. Second, we assessed only balance function and were unable to assess other risk fac-
tors such as the patient’s muscle strength, walking, visible impairment, and previous falls.

Conclusions

This study investigated the fall ratio of patients who took the hypnotic drug. The fall ratio for
z-drugs was significantly lower than for benzodiazepine drugs, and orexin receptor antago-
nists. Moreover, we also investigated the factors associated with falls. Balance disorder was an
independent factor for falls using decision-tree analysis. Therefore, a physician should con-
sider not only the choice of drugs but also balance functions in inpatients.

Supporting information

S$1 Table.
(DOCX)

PLOS ONE | https://doi.org/10.1371/journal.pone.0272832 September 1, 2022 9/11


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0272832.s001
https://doi.org/10.1371/journal.pone.0272832

PLOS ONE Balance dysfunction assessed by SIDE was an independent factor in-hospital falls in patients taking hypnotic drugs

Acknowledgments
We would like to thank Mr. Akihiro Ejima for cooperating with data acquisition.

Author Contributions

Data curation: Ryuki Hashida, Hiroshi Tajma, Masafumi Bekki, Sohei Iwanaga, Koji Hara,
Yosuke Nakamura, Yuji Kaneyuki.

Formal analysis: Ryuki Hashida, Shinji Yokoyama, Sohei Iwanaga.

Investigation: Ryuki Hashida, Shinji Yokoyama, Sayuri Kawano, Eriko Higashi, Hiroshi
Tajma, Masafumi Bekki, Sohei Iwanaga, Koji Hara, Yosuke Nakamura, Yuji Kaneyuki.

Project administration: Sayuri Kawano.

Supervision: Hiroo Matsuse, Takeshi Nago, Yoshihiro Fukumoto, Motohiro Ozone, Naohisa
Uchimura, Naoto Shiba.

Writing - original draft: Ryuki Hashida.

Writing - review & editing: Hiroo Matsuse, Shinji Yokoyama, Eriko Higashi, Hiroshi Tajma,
Masafumi Bekki, Sohei Iwanaga, Koji Hara, Yosuke Nakamura, Yuji Kaneyuki, Takeshi
Nago, Yoshihiro Fukumoto, Motohiro Ozone, Naohisa Uchimura, Naoto Shiba.

References

1. Lelaurin JH, Shorr RI. Preventing Falls in Hospitalized Patients: State of the Science. Clin Geriatr Med.
2019; 35(2):273-83. Epub 2019/04/02. https://doi.org/10.1016/j.cger.2019.01.007 PMID: 30929888;
PubMed Central PMCID: PMC6446937.

2. Schwendimann R, Buhler H, De Geest S, Milisen K. Characteristics of hospital inpatient falls across
clinical departments. Gerontology. 2008; 54(6):342—8. Epub 2008/05/08. https://doi.org/10.1159/
000129954 PMID: 18460867.

3. Poly TN, Islam MM, Yang HC, Li YJ. Association between benzodiazepines use and risk of hip fracture
in the elderly people: A meta-analysis of observational studies. Joint Bone Spine. 2020; 87(3):241-9.
Epub 2019/11/30. https://doi.org/10.1016/j.jbspin.2019.11.003 PMID: 31778821.

4. Foss NB, Palm H, Kehlet H. In-hospital hip fractures: prevalence, risk factors and outcome. Age Ageing.
2005; 34(6):642-5. Epub 2005/11/04. https://doi.org/10.1093/ageing/afi198 PMID: 16267194.

5. Murray GR, Cameron ID, Cumming RG. The consequences of falls in acute and subacute hospitals in
Australia that cause proximal femoral fractures. J Am Geriatr Soc. 2007; 55(4):577-82. Epub 2007/04/
03. https://doi.org/10.1111/j.1532-5415.2007.01102.x PMID: 17397437.

6. Najafpour Z, Godarzi Z, Arab M, Yaseri M. Risk Factors for Falls in Hospital In-Patients: A Prospective
Nested Case Control Study. Int J Health Policy Manag. 2019; 8(5):300—6. Epub 2019/06/18. https://doi.
org/10.15171/ijhpm.2019.11 PMID: 31204446; PubMed Central PMCID: PMC6571495.

7. Teranishi T, Kondo |, Sonoda S, Kagaya H, Wada Y, Miyasaka H, et al. A discriminative measure for
static postural control ability to prevent in-hospital falls: Reliability and validity of the Standing Test for
Imbalance and Disequilibrium (SIDE). Japanese Journal of Comprehensive Rehabilitation Science.
2010; 1:11-6. https://doi.org/10.11336/jjcrs.1.11

8. Woolcott JC, Richardson KJ, Wiens MO, Patel B, Marin J, Khan KM, et al. Meta-analysis of the impact
of 9 medication classes on falls in elderly persons. Arch Intern Med. 2009; 169(21):1952—60. Epub
2009/11/26. https://doi.org/10.1001/archinternmed.2009.357 PMID: 19933955.

9. ToriiH, Ando M, Tomita H, Kobaru T, Tanaka M, Fujimoto K, et al. Association of Hypnotic Drug Use
with Fall Incidents in Hospitalized Elderly Patients: A Case-Crossover Study. Biol Pharm Bull. 2020; 43
(6):925-31. Epub 2020/06/02. https://doi.org/10.1248/bpb.b19-00684 PMID: 32475914.

10. AlDawsari A, Bushell TJ, Abutheraa N, Sakata S, Al Hussain S, Kurdi A. Use of sedative-hypnotic medi-

cations and risk of dementia: A systematic review and meta-analysis. Br J Clin Pharmacol. 2022; 88
(4):1567-89. Epub 2021/10/23. https://doi.org/10.1111/bcp.15113 PMID: 34679196.

11. SuY, HouJY, Zhang YJ, Ma GG, Hao GW, Luo JC, et al. Serum N-terminal Pro-B-type Natriuretic Pep-
tide Predicts Mortality in Cardiac Surgery Patients Receiving Renal Replacement Therapy. Front Med

PLOS ONE | https://doi.org/10.1371/journal.pone.0272832 September 1, 2022 10/11


https://doi.org/10.1016/j.cger.2019.01.007
http://www.ncbi.nlm.nih.gov/pubmed/30929888
https://doi.org/10.1159/000129954
https://doi.org/10.1159/000129954
http://www.ncbi.nlm.nih.gov/pubmed/18460867
https://doi.org/10.1016/j.jbspin.2019.11.003
http://www.ncbi.nlm.nih.gov/pubmed/31778821
https://doi.org/10.1093/ageing/afi198
http://www.ncbi.nlm.nih.gov/pubmed/16267194
https://doi.org/10.1111/j.1532-5415.2007.01102.x
http://www.ncbi.nlm.nih.gov/pubmed/17397437
https://doi.org/10.15171/ijhpm.2019.11
https://doi.org/10.15171/ijhpm.2019.11
http://www.ncbi.nlm.nih.gov/pubmed/31204446
https://doi.org/10.11336/jjcrs.1.11
https://doi.org/10.1001/archinternmed.2009.357
http://www.ncbi.nlm.nih.gov/pubmed/19933955
https://doi.org/10.1248/bpb.b19-00684
http://www.ncbi.nlm.nih.gov/pubmed/32475914
https://doi.org/10.1111/bcp.15113
http://www.ncbi.nlm.nih.gov/pubmed/34679196
https://doi.org/10.1371/journal.pone.0272832

PLOS ONE Balance dysfunction assessed by SIDE was an independent factor in-hospital falls in patients taking hypnotic drugs

12

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

(Lausanne). 2020; 7:153. Epub 2020/05/28. https://doi.org/10.3389/fmed.2020.00153 PMID:
32457914; PubMed Central PMCID: PMC7225276.

Bland H, Li X, Mangin E, Yee KL, Lines C, Herring WJ, et al. Effects of Bedtime Dosing With Suvorexant
and Zolpidem on Balance and Psychomotor Performance in Healthy Elderly Participants During the
Night and in the Morning. J Clin Psychopharmacol. 2021; 41(4):414—20. Epub 2021/06/29. https://doi.
org/10.1097/JCP.0000000000001439 PMID: 34181362.

Leipzig RM, Cumming RG, Tinetti ME. Drugs and falls in older people: a systematic review and meta-
analysis: Il. Cardiac and analgesic drugs. J Am Geriatr Soc. 1999; 47(1):40-50. Epub 1999/01/27.
https://doi.org/10.1111/j.15632-5415.1999.tb01899.x PMID: 9920228.

Maust DT, Strominger J, Kim HM, Langa KM, Bynum JPW, Chang CH, et al. Prevalence of Central Ner-
vous System-Active Polypharmacy Among Older Adults With Dementia in the US. JAMA. 2021; 325
(10):952-61. Epub 2021/03/10. https://doi.org/10.1001/jama.2021.1195 PMID: 33687462; PubMed
Central PMCID: PMC7944381.

Bellazzi R, Zupan B. Predictive data mining in clinical medicine: current issues and guidelines. Int J Med
Inform. 2008; 77(2):81-97. Epub 2006/12/26. https://doi.org/10.1016/j.ijmedinf.2006.11.006 PMID:
17188928.

Song YY, Lu Y. Decision tree methods: applications for classification and prediction. Shanghai Arch
Psychiatry. 2015; 27(2):130-5. Epub 2015/06/30. https://doi.org/10.11919/j.issn.1002-0829.215044
PMID: 26120265; PubMed Central PMCID: PMC4466856.

Siriwardena AN, Qureshi Z, Gibson S, Collier S, Latham M. GPs’ attitudes to benzodiazepine and 'Z-
drug’ prescribing: a barrier to implementation of evidence and guidance on hypnotics. Br J Gen Pract.
2006; 56(533):964—7. Epub 2006/11/30. PMID: 17132386; PubMed Central PMCID: PMC1934058.

Ramakrishnan K, Scheid DC. Treatment options for insomnia. Am Fam Physician. 2007; 76(4):517-26.
Epub 2007/09/15. PMID: 17853625.

Ishibashi Y, Nishitani R, Shimura A, Takeuchi A, Touko M, Kato T, et al. Non-GABA sleep medications,
suvorexant as risk factors for falls: Case-control and case-crossover study. PLoS One. 2020; 15(9):
e0238723. Epub 2020/09/12. https://doi.org/10.1371/journal.pone.0238723 PMID: 32916693; PubMed
Central PMCID: PMC7486134 Chiba, Keiko Ashidate, Tomoyasu Ichijo, Takanori Shirai, Nobuo Ishi-
wata, Masataka Sasabe. declares that they have no conflicts of interest. Yoshiki Ishibashi, reports per-
sonal fees from Children and Future co., Ltd. Akiyoshi Shimura reports personal fees from Dainippon
Sumitomo Pharma, Yoshitomiyakuhin, and Meiji Seika Pharma. This does not alter our adherence to
PLOS ONE policies on sharing data and materials.

Murphy P, Kumar D, Zammit G, Rosenberg R, Moline M. Safety of lemborexant versus placebo and zol-
pidem: effects on auditory awakening threshold, postural stability, and cognitive performance in healthy
older participants in the middle of the night and upon morning awakening. J Clin Sleep Med. 2020; 16
(5):765-73. Epub 2020/02/06. https://doi.org/10.5664/jcsm.8294 PMID: 32022664; PubMed Central
PMCID: PMC7849806.

Sys J, Van Cleynenbreugel S, Deschodt M, Van der Linden L, Tournoy J. Efficacy and safety of non-
benzodiazepine and non-Z-drug hypnotic medication for insomnia in older people: a systematic litera-
ture review. Eur J Clin Pharmacol. 2020; 76(3):363-81. Epub 2019/12/16. https://doi.org/10.1007/
s500228-019-02812-z PMID: 31838549.

Teranishi T, Kondo I, Okuyama Y, Tanino G, Miyasaka H, Sonoda S. Investigation of factors involved in
patient falls during the early stage of hospitalization in a Kaifukuki rehabilitation ward. Japanese Journal
of Comprehensive Rehabilitation Science. 2017; 8:10-5. https://doi.org/10.11336/jjcrs.8.10

PLOS ONE | https://doi.org/10.1371/journal.pone.0272832 September 1, 2022 11/11


https://doi.org/10.3389/fmed.2020.00153
http://www.ncbi.nlm.nih.gov/pubmed/32457914
https://doi.org/10.1097/JCP.0000000000001439
https://doi.org/10.1097/JCP.0000000000001439
http://www.ncbi.nlm.nih.gov/pubmed/34181362
https://doi.org/10.1111/j.1532-5415.1999.tb01899.x
http://www.ncbi.nlm.nih.gov/pubmed/9920228
https://doi.org/10.1001/jama.2021.1195
http://www.ncbi.nlm.nih.gov/pubmed/33687462
https://doi.org/10.1016/j.ijmedinf.2006.11.006
http://www.ncbi.nlm.nih.gov/pubmed/17188928
https://doi.org/10.11919/j.issn.1002-0829.215044
http://www.ncbi.nlm.nih.gov/pubmed/26120265
http://www.ncbi.nlm.nih.gov/pubmed/17132386
http://www.ncbi.nlm.nih.gov/pubmed/17853625
https://doi.org/10.1371/journal.pone.0238723
http://www.ncbi.nlm.nih.gov/pubmed/32916693
https://doi.org/10.5664/jcsm.8294
http://www.ncbi.nlm.nih.gov/pubmed/32022664
https://doi.org/10.1007/s00228-019-02812-z
https://doi.org/10.1007/s00228-019-02812-z
http://www.ncbi.nlm.nih.gov/pubmed/31838549
https://doi.org/10.11336/jjcrs.8.10
https://doi.org/10.1371/journal.pone.0272832

