International Journal of /
* Environmental Research m\DP|
and Public Health Z

Article
Insomnia, Benzodiazepine Use, and Falls among
Residents in Long-term Care Facilities

Yu Jiang 123, Qinghua Xia 2, Jie Wang 2, Peng Zhou 2, Shuo Jiang 2, Vinod K. Diwan 4
and Biao Xu 1-34:*

1 Department of Epidemiology, School of Public Health, Fudan University, Shanghai 200032, China;

jlangyukx@126.com

Changning District Centre for Disease Control and Prevention, Shanghai 200052, China;

xiaginghua56@126.com (Q.X.); wangjiecat@163.com (J.W.); juju7881@126.com (P.Z.);

14211020057@fudan.edu.cn (S.J.)

Key Lab of Health Technology Assessment, National Health Commission of the People’s Republic of

China (Fudan University), Shanghai 200032, China

4 Department of Public Health Sciences (Global Health/[THCAR), Karolinska Institute, 17177 Stockholm,
Sweden; vinod.diwan@ki.se

*  Correspondence: bxu@shmu.edu.cn; Tel.: +86-021-5423-7710

Received: 28 October 2019; Accepted: 18 November 2019; Published: 21 November 2019 f‘r:,e(fgtz);
Abstract: Background: Falls are leading cause of injury among older people, especially for those living
in long-term care facilities (LTCFs). Very few studies have assessed the effect of sleep quality and
hypnotics use on falls, especially in Chinese LTCFs. The study aimed to examine the association
between sleep quality, hypnotics use, and falls in institutionalized older people. Methods: We recruited
605 residents from 25 LTCFs in central Shanghai and conducted a baseline survey for sleep quality and
hypnotics use, as well as a one-year follow-up survey for falls and injurious falls. Logistic regression
models were applied in univariate and multivariate analysis. Results: Among the 605 participants
(70.41% women, mean age 84.33 + 6.90 years), the one-year incidence of falls and injurious falls
was 21.82% and 15.21%, respectively. Insomnia (19.83%) and hypnotics use (14.21%) were prevalent.
After adjusting for potential confounders, we found that insomnia was significantly associated
with an increased risk of falls (adjusted risk ratio (RR): 1.787, 95% CI, 1.106-2.877) and the use of
benzodiazepines significantly increased the risk of injurious falls (RR: 3.128, 95% CI, 1.541-6.350).
Conclusion: In elderly LTCF residents, both insomnia and benzodiazepine use are associated with
an increased risk of falls and injuries. Adopting non-pharmacological approaches to improve sleep
quality, taking safer hypnotics, or strengthening supervision on benzodiazepine users may be useful
in fall prevention.

Keywords: falls; long-term care; sleep quality; insomnia; benzodiazepines

1. Introduction

By the end of 2017, China’s population over the age of 65 years old accounted for 11.4% of the
total population, while it reached 20.6% in Shanghai. About 3% of Shanghai’s elderly people live in
long-term care facilities (LTCFs), and the proportion will continue to rise due to the aging population
and the weakening care function of families. The rate of falls in LTCFs in developed countries was
43% on average or 1.6 falls/bed [1,2]. In China, few studies have measured the frequency of falls in
LTCFs with a wide range of estimation from 13% to 39% [3,4]. As the top safety issue for aged care
settings in China, falls not only pose a major health risk among the residents, but also pose a threat to
the long-term care industry. The identification of modifiable risk factors and action to eliminate them
have been proven an effective way to reduce the occurrence of falls.
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Sleep disturbances, although common in older people, are even more prevalent and severe in
institutional older adults than their community-dwelling counterparts [5] due to higher burden
of comorbidities, decreased physical activities, less social interaction, less daylight exposure,
more environmental noise and nocturnal care practices [6]. The prevalence of poor sleep quality
among Chinese long-term care residents ranged from 33% to 73% [7] and the prevalence of insomnia
was 24% (range 13%-30%) in seven European countries and Israel [8]. Poor sleep quality can lead to
many adverse health effects like reduced balance [9], cognitive impairment [10] and even increased
mortality [11]. It also has been associated with an increased risk of falls, but the results in the literature
are mixed [12].

Additionally, sleep aid medicines are also reported to increase the risk of falling. A meta-analysis
found that sedatives and hypnotics increased the likelihood of falls by factor of 47%, and so did
benzodiazepines, by 57% in older adults [13]. Another systematic review and meta-analysis reported
that both benzodiazepines and Z-drug use were significantly associated with an increased risk of hip
fracture [14]. The co-existence of poor sleep quality and hypnotics use makes it difficult to tell whether
they have independent effect on falls. Only a few studies took both insomnia and hypnotics use into
account at the same time. A few studies that accounted for both factors have generated conflicting
findings. One study among 34,163 elderly nursing home residents suggested that untreated insomnia
independently predicted falls and hypnotics use may have protective effects on falls [15]. Another study
conducted among 9843 community-dwelling older adults concluded that sleep problems and sleep
medication use are key risk factors for falls and sleep medicines did not have a protective effect on
falls [16]. The objective of this study is to examine the association of sleep quality and hypnotic use
with the risk of falls, using a prospective cohort study in institutionalized residents, to provide a basis
for designing effective fall-prevention strategies in this population.

2. Materials and Methods

2.1. Settings and Participants

A two-stage sampling was applied to recruit study subjects. The first stage was to choose the
LTCFs. Based on the size and ownership of LTCFs in Shanghai, 25 LTCFs were randomly selected from
38 LTCFs in Changning district, which has a good geographical representation of the Shanghai central
area. Among the sampled LTCFs, four were public and 21 were private. The second stage was to
identify study subjects from the participating LTCFs. The inclusion criteria were: (1) able to ambulate
independently; (2) can communicate normally; (3) with expected survival time of more than 1 year; and
(4) are willing to participate in the survey. Residents who met the criteria were invited by doctors and
administrators who were familiar with the health status of the elderly. Among the 3858 elderly people
residing in the LTCFs, 739 were eligible and completed the baseline survey, of which 605 completed a
one-year follow-up survey and 134 (18.1%) were lost to follow-up. Of the 134 residents, 69 died (51.5%)
and 65 (48.5%) were transferred or discharged from the facilities.

2.2. Determination of Falls

A fall was defined as unintentional rest on the ground or lower place [17]. All participating residents
were followed up with for 1 year after completing the baseline survey. During the period, information
on the occurrence of falls was collected from three types of records (care records, accident records and
medical records) and by interviewing the residents.

2.3. Sleep Quality and Medication Use

Sleep quality was assessed using the Athens Insomnia Scale (AIS) [18] at baseline. It contained
eight items, where each with a rating scale of 0-3, and a total score ranged from 0 to 24. An AIS
score >6 indicated insomnia (previous month). The information of sedative sleeping pills used
within the preceding two weeks was obtained by excerpting the records of the facilities or by
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reviewing the pill bottles of the participants. Among the hypnotics, benzodiazepines included
diazepam, flurazepam, oxazepam, clonazepam, chlordiazepam, alprazolam, estazolam, triazolam, and
midazolam etc., and non-benzodiazepines included zolpidem, eszopiclone, zaleplon, and traditional
Chinese medicines. A hypnotic used off label for another purpose was also regarded as a hypnotic.

2.4. Potential Confounders

The survey was conducted using questionnaires designed by the study administrators.
The demographics and health information were extracted by reviewing the health records, and
other information was collected through face-to-face interviews. The care level of residents (level 1,
2 and 3) was assessed by physicians according to Shanghai Facilities and Service Requirements of
Elderly Institutions. Residents in care level 3 were less frail and required minimum basic care.

Cognitive ability was assessed using the Mine-Mental State Examination Scale (MMSE) [19].
A total score of less than 27 was regarded as cognition decline. Depression was assessed by using the
Geriatric Depression Scale (GDS) [20]. A total score of more than 10 points was considered as having
depression symptoms. Balance ability was measured on-site by trained community doctors using the
X-16 Balance Ability Test Scale. The maximum total score was 24 [21], and a score of less than 17 was
considered as balance decline.

2.5. Ethical Consideration

The project was approved by the Institutional Review Board (IRB) of the Changning Centre
for Disease Control and Prevention, and written informed consent was obtained from all
interviewed subjects.

2.6. Statistical Analysis

EpiData 3.0 (The EpiData Association, Odense, Denmark) was used for data entry, and SAS
version 9.2 (SAS Institute, Inc., Cary, NC) was used for statistical analyses. The main independent
variables were insomnia (yes/no) and use of hypnotics and benzodiazepines (yes/no) and the dependent
variables were falls and fall-related injuries. The Charlson comorbidity index [22] was calculated,
indicating the health status of the participants. Chi Square tests were performed to compare differences
in categorical characteristics by insomnia and hypnotics use status. Univariate and multivariate logistic
regression models were used to assess sleep quality and hypnotics use in relation to falls or injurious
falls, with estimation of risk ratio (RR) and 95% confidence intervals (Cls). Covariates with a univariate
statistical significance of p < 0.1 and those thought to be potential risk factors of falls in literature were
included as potential confounders in the multivariate models. Collinearity among the covariates was
assessed. Results were considered significant when p < 0.05.

3. Results

3.1. Basic Characteristics of the Participants

Among the 605 residents who completed both the baseline and follow-up surveys, 179 were
male (29.59%), with an average age of 84.33(SD: 6.90) years old. The majority were 63.47% were aged
80-89 years. There were 206 (34.05%), 287 (47.44%), and 112 (18.51%) residents in the care level of 1 to
3, respectively. A total of 71.24% participants had comorbidity conditions, 64.63% suffered from mild
or moderate cognition decline, and 63.97% had balance impairment. About thirty-five percent of the
residents had depression symptoms (Table 1).
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Table 1. Characteristics of the study participants by sleep quality and hypnotics use (1 = 605).

Characteristics Total (%) I(I:lszn;;;)a NO&_I:Z‘;I;“M p-Value * Hy}z::oztlsc GI)Jser Non-I:1y}=>I\5(;t91)c User p-Value *
Gender
Male 179 (29.59) 12.85 87.15 0.005 12.85 87.15 0.533
Female 426 (70.41) 22.77 77.23 14.79 85.21
Age
<80 years 100 (16.53) 21.00 79.00 0.091 12.00 88.00 0.564
80-89 years 384 (63.47) 17.45 82.55 15.36 84.64
>90 years 121 (20.00) 26.45 73.55 12.40 87.60
Care level
Level 1 206 (34.05) 19.42 80.58 0.602 15.05 84.95 0.501
Level 2 287 (47.44) 18.82 81.18 14.98 85.02
Level 3 112(18.51) 23.21 76.79 10.71 89.29
Charlson Comorbidity Index
0 174 (28.76) 16.09 83.91 <0.001 8.62 91.38 <0.001
12 208 (34.38) 13.46 86.54 10.58 89.42
>2 223 (36.86) 28.70 71.30 21.97 78.03
Cognitive state
Intact 214 (35.37) 21.03 78.97 0.586 16.36 83.64 0.265
Decline 391 (64.63) 19.18 80.82 13.04 86.96
Depression
No 399 (65.95) 13.78 86.22 <0.001 13.53 86.47 0.504
Yes 206 (34.05) 31.55 68.45 15.53 84.47
Balance ability
Intact 218 (36.03) 21.10 78.90 0.558 14.22 85.78 0.998
Decline 387 (63.97) 19.12 80.88 14.21 85.79
Nighttime sleep time
<6h 125 (20.66) 48.00 52.00 <0.001 19.20 80.80 0.073
26 h 480 (79.34) 12.50 87.50 12.92 87.08
Total sleep time
<6h 66 (10.91) 63.64 36.36 <0.001 21.21 78.79 0.085
26 h 539 (89.09) 14.47 85.53 13.36 86.64
Nap in daytime
None 141 (23.31) 26.24 73.76 0.048 17.73 82.27 0.013
<2h 375 (61.98) 18.93 81.07 15.20 84.80
>2h 89 (14.71) 13.48 86.52 4.49 95.51
Nighttime toilet visits
<3 times 518 (85.62) 16.99 83.01 <0.001 12.55 87.45 0.004
>3 times 87 (14.38) 36.78 63.22 24.14 75.86

* p-values were obtained from the Chi-square tests.
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3.2. Sleep Quality, Hypnotics Use, and Sleep-Related Behaviors

According to AIS, 19.83% of residents had insomnia. Eighty-six residents (14.21%) took hypnotics,
43 of them took benzodiazepines, and 43 took non-benzodiazepines. Hypnotics use was reported
among 37 (30.83%) insomniacs, of whom 19 took benzodiazepines and 18 used non- benzodiazepines.

About 20.66% and 10.91% of the residents had less than 6 h of sleep during nighttime and whole
day period, respectively. Having a habit of napping happened in 76.69% of the residents and habitually
visiting toilet for more than 3 times during nighttime happened in 14.38% participants (Table 1).

Increasing comorbidity conditions, lack of nap during the daytime and more than three times
nocturnal toilet visits were statistically significantly associated with increased likelihood of both
insomnia and hypnotics use. Female, depression, less than 6 h of sleep duration during the night or
whole day were significantly associated with insomnia only (see Table 1).

3.3. Sleep Quality, Hypnotics Use, and Falls

Of the 605 follow participants, 21.82% and 15.21% were reported to have fallen and suffered
injurious falls during the 1-year follow-up period. Table 2 shows the unadjusted relationship of falls
and injurious falls with sleep quality, hypnotics use, and potential confounders. In comparison to
residents with no baseline insomnia, insomniacs had significantly higher incident falls (x> = 8.512,
p = 0.004) and injurious falls (x> = 7.667, p = 0.006). Baseline hypnotics use was associated with a
non-significant higher risk of falls (x> = 3.091, p = 0.079) but significantly greater risk of future injurious
falls (x> = 5.037, p = 0.025). Benzodiazepines (x? = 4.633, p = 0.031) rather than non-benzodiazepines
significantly increased the risk of falls and injurious falls.

In combined analyses, the incidence of falls and injurious falls was the lowest among residents
who reported no insomnia and hypnotics use. The rate was followed by that in those who had no
insomnia but took hypnotics, and then by insomniacs without taking hypnotics. Insomniacs who
also took benzodiazepines at the same time had the highest incidence of falls and related injuries.
Residents with insomnia had higher rate of falls regardless of hypnotics use status, while the elderly
who took hypnotics had a higher incidence of falls regardless of sleep quality (Table 2).

Compared to those who did not take a nap, the elderly who took nap for less than 2 h had a lower
incidence of falls, while the elderly who had longer than 2 h nap incurred a higher rate of falls, and the
difference was statistically significant (x> = 6.302, p = 0.043). For injurious falls, a similar pattern was
observed (x? = 7.759, p = 0.021). No statistically significant difference in incidence of falls and injurious
falls was found between residents with different sleep durance and nighttime toilet visits (Table 2).

A logistic regression model was used to analyze the association of insomnia and benzodiazepines
with incident falls or injurious falls. In an age adjusted model, both insomnia and benzodiazepine use
significantly increased the risk of falls and injurious falls. After simultaneously putting age, insomnia
and benzodiazepine use into the same model, benzodiazepines use did not significantly increase the
risk of falls, while insomnia remained a significant predictor of falls, and both were risk factors for
injurious falls. After introducing other potential confounders into the model, insomnia was still an
independent risk factor for falls (Adjusted risk ratio (RR): 1.787; 95% CI, 1.106-2.877), while taking
benzodiazepines was independent risk of injurious falls (RR: 3.128; 95% CI, 1.541-6.350) (Table 3).
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Table 2. Unadjusted relationship of sleep quality and hypnotics use with falls or injurious falls in the study participants (n = 605).

Sleep and Hypnotics Use (:;;ll;;; ) N&n=FZ;13e)rs p-Value * In]u)izoisgl;:;lllers Non: Irzqu:(;ll;)Fallers p-Value *
Sleep quality *
Insomnia 31.67 68.33 0.004 23.33 76.67 0.006
Non-insomnia 19.38 80.62 13.20 86.80
Hypnotics use
Yes 29.07 70.93 0.079 23.26 76.74 0.025 *
No 20.62 79.38 13.87 86.13
Benzodiazepines use
Yes 34.88 65.12 0.031 34.88 65.12 <0.001
No 20.82 79.18 13.70 86.30
Non-benzodiazepines use
Yes 23.26 76.74 0.813 15.48 84.52 0.499
No 21.71 78.29 11.63 88.37
Sleep quality & hypnotics use
No insomnia, no hypnotics use 18.81 81.19 0.044 12.16 87.84 0.003
No insomnia, hypnotics use 24.49 75.51 22.45 77.55
Insomnia, no hypnotics use 30.12 69.88 22.89 7711
Insomnia, benzodiazepines use 36.84 63.16 36.84 63.16
. Insomnia, non-benzodiazepines 33.33 66.67 1111 88.89
Nighttime sleep durance
<6h 24.24 75.76 0.507 17.60 82.40 0.403
>6h 21.52 78.48 14.58 85.42
Total sleep durance
<6h 24.00 76.00 0.613 19.70 80.30 0.282
>6h 21.25 78.75 14.66 85.34
Nap in daytime
None 24.31 75.69 0.043 19.44 80.56 0.021
<2h 18.37 81.63 11.66 88.34
>2h 28.81 71.19 20.34 79.66
Nighttime toilet visits
<3 times 21.04 78.96 0.260 14.67 85.33 0.371
>3 times 26.44 73.56 18.39 81.61

* p-values were obtained from the Chi-square tests.
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Table 3. Adjusted association of insomnia and hypnotics use with falls and injurious falls in the study participants (1 = 605).

Model Predictive Factor Falls Injurious Falls
RR* 95% CI p-Value RR * 95% CI p-Value
Modell age 0.994 (0.967-1.022) 0.687 1.009 (0.976-1.043) 0.613
Insomnia 1.934 (1.238-3.021) 0.004 1.994 (1.211-3.282) 0.007
Model2 age 0.995 (0.967-1.023) 0.710 1.008 (0.975-1.043) 0.627
Benzodiazepines 2.047 (1.058-3.960) 0.033 3.355 (1.713-6.570) 0.0004
Model3 age 0.994 (0.966-1.022) 0.662 1.008 (0.974-1.042) 0.652
Insomnia 1.815 (1.152-2.860) 0.010 1.749 (1.046-2.923) 0.033
Benzodiazepines use 1.755 (0.892-3.451) 0.103 2919 (1.467-5.808) 0.002
Model4 Insomnia 1.787 (1.106-2.887) 0.018 1.683 (0.977-2.899) 0.061
Benzodiazepines use 1.891 (0.947-3.776) 0.071 3.128 (1.541-6.350) 0.002
age 0.993 (0.964-1.023) 0.662 1.009 (0.974-1.046) 0.609
female 0.868 (0.560-1.347) 0.529 1.039 (0.618-1.746) 0.885
Care Level 1 Ref Ref Ref Ref Ref Ref
Care level 2 0.710 (0.457-1.103) 0.194 1.030 (0.612-1.733) 0.801
Care Level 3 0.869 (0.490-1.541) 0.908 1.197 (0.615-2.332) 0.584
Charlson comorbidity score 1.023 (0.884-1.185) 0.760 0.926 (0.776-1.105) 0.394
Depression 1.014 (0.294-3.503) 0.982 1.818 (0.504-6.551) 0.361
Nighttime toilet visits >3 times 1.135 (0.658-1.955) 0.650 1.106 (0.592-2.067) 0.752
Don’t take nap 1.250 (0.782-2.000) 0.971 1.572 (0.928-2.663) 0.491
Take nap less than <2 h Ref Ref Ref Ref Ref Ref
Take nap >2 h 1.535 (0.884-2.667) 0.254 1.695 (0.893-3.215) 0.342

Note: RR refers to adjusted risk ratio.
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4. Discussion

Sleep problems, hypnotic medicine use, and falls are common complaints in LTC settings.
However, there were few studies focused on addressing sleep as a way to minimize falls in residents
in LTCFs [23]. In China, sleep research in LTC residents is still at the beginning, and only a few
cross-sectional studies and interventions have been reported [7]. The literature on the effect of sleep
problems and hypnotics on falls is mixed, and there are only a few studies that considered both
factors. This study used prospective cohort study design to analyze the independent effect of sleep
problems and hypnotics use on falls and injurious falls in residents from 25 LTCFs in central Shanghai.
To our knowledge, it is the first study of its kind in China. We found that insomnia was significantly
associated with an increased risk of falls and the use of benzodiazepines significantly increased the
risk of injurious falls, independent of potential confounders.

The annual incidence of falls and injurious falls among the subjects was 21.82% and 15.21%, higher
than that among Chinese community-dwelling elderly adults [24] but lower than that in American
and Australian older institutionalized residents [15,25]. AIS assessments indicated that about one in
five residents suffered from insomnia. Among the participants, 14.21% took hypnotics (30.83% among
insomniacs), 20.66% had less than 6 h of nighttime sleep. These results were roughly comparable with
similar studies conducted in seven European countries, Israel [8] and Australia [25], adding evidence
to the literature that poor sleep and hypnotics use were prevalent in LTCFs.

It has been implicated that poor sleep (sleep disturbance, short sleep durance, etc.) is associated
with an elevated risk of fall among elderly adults both in community settings or long-term care
settings [16,24,26-28]. A study of 34,163 elderly nursing home residents reported that it was insomnia
(OR =1.52; 95%CI = 1.38-1.66) rather than hypnotics use (OR = 1.03; 95%CI = 0.98-1.30) that predicted
a significant greater risk of falls. Another LTCF based study (OR = 4.5; 95%CI = 1.9-12.2) [25] and
a community-based study (OR = 1.36; 95%CI = 1.07-1.74) [28] also reported that poor sleep was an
independent risk factor of falls after adjusting for confounding factors. In the current study, insomnia
was significantly associated with falls in all models, although the effect estimates attenuated after
adjusting for benzodiazepines use or other confounding variables. Insomniacs had a 78.7% higher
greater risk for future falls (RR = 1.787, 95%CI = 1.106-2.887). However, as for injurious falls, after
putting insomnia and other confounders into the model, we can only see a non-significant association
(RR = 1.683, 95%CI = 0.977-2.899) between insomnia and injurious falls (refer to Table 3).

Hypnotics, commonly used medicines to improve sleep quality, are often associated with
falls-related injuries. They can be divided into benzodiazepines and non-benzodiazepines
(including “Z-drugs”). Benzodiazepines have long been associated with fractures [29,30] and injurious
falls [31]. General practitioners believed that non-benzodiazepines are safer due to a shorter half-life
so that the prescription of non-benzodiazepines has increased while that of benzodiazepines decreased
over the past decade in some developed countries. However, some non-benzodiazepines was also
found to be associated with an increased risk of fracture in insomnia patients [32]. Most of the prior
studies failed to simultaneously consider sleep quality and hypnotics use. Two large-scale community
studies analyzed the combined effect of sleep medication and sleep problems and demonstrated
that sleep problems added to sleep medication use increase the risk of falls [16,33]. In this study,
even in bivariate analyses, non-benzodiazepines use were not significantly associated with falls or
injurious falls, so we only analyzed the effect of benzodiazepines in multivariate models. In combined
bivariate analyses, benzodiazepine users with insomnia had the highest risk of falls and injurious falls
compared to any other groups and benzodiazepines users without insomnia symptoms and insomniacs
not taking benzodiazepines also had an elevated risk of falls and injurious falls. To our surprise,
insomniacs with non-benzodiazepines use had the lowest incidence of injurious falls, indicating
that non-benzodiazepines may have some protective effect with respect to injurious falls (refer to
Table 2). The inclusion of traditional Chinese medicine in non-benzodiazepines may in part explain the
results and the association warrants confirmation by future studies. In our study, after adjusting for
potential confounders, baseline benzodiazepines use still predicted future injurious falls (RR = 3.128,
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95%CI = 1.541-6.350) while only marginally associated with falls (RR = 1.891, 95%CI = 0.947-3.776)
(refer to Table 3).

Taken together, we could infer that both insomnia and benzodiazepines use may play a role in
falls or injurious falls, with insomnia driving the association with falls while benzodiazepines make the
major contribution to the association with injurious falls. The results indicated that treating insomnia
may be benefits to reduce the risk of falls in LTCF residents, while prescription of benzodiazepines
to elderly adults should be done with caution. Findings from this study are partly consistent with
several similar studies, and the difference between our studies and previous studies may derive from
the intrinsic differences between subjects or the different constitution of hypnotics. Further studies are
needed to confirm these associations.

This study also found that comorbidity conditions, sleep durantion, daytime nap, and nocturnal
toilet visits were associated with insomnia, which may be modifiable factors to improve sleep (refer to
Table 1). Daytime nap habits were found to be associated with higher risk of both outcome variables in
bivariate analyses, but the association did not exist in the multiple model. Its effect on falls may be
explained by insomnia (refer to Tables 2 and 3). Consistent with some previous studies [24,26], we did
not find a significant relationship between sleep durantion and falls in this study (refer to Table 2).

Our study has its strengths and limitations. The prospective study design assures the exposures
precede outcomes which is imperative in the causal inference. Having a relatively large sample size,
taking both sleep quality and hypnotic medicine use into account, and adjusting for a variety of potential
confounders improved the validity and reliability of the association between exposure and outcomes.
However, some limitations should be noted. Insomnia was assessed based on self-reported information,
which was a symptom rather than a diagnosis. AIS was applied in assessment, which was not used as
widely as the Pittsburgh Sleep Quality Index (PSQI). These reduced the ability to compare findings from
this study with some prior studies. Since the AIS score has been reported to be strongly correlated with
the PSQI [34], AIS, which comprises only eight items that can be easily completed within a short period,
may be an ideal tool to assess subjective insomnia and to even identify individuals at an increased risk
of falls in LTCF residents. Validation studies of AIS against other standard measures such as PSQI and
studies using actigraphy in assessing objective sleep quality are needed in the future. Due to the limited
amount of subjects who took hypnotics in our study, we were unable to conduct further subgroup
analyses based on specific types of benzodiazepines and non-benzodiazepines. Non-benzodiazepines
contained traditional Chinese medicines, which may dilute the effect of non-benzodiazepines to a
certain extent. The effect of specific drugs such as traditional Chinese medicine and long-acting
benzodiazepines on falls is worthy of further investigation. The research participants were selected
based on the ability of walking and communication, and was thus not a representative sample of all
residents in LTCFs, so the results can only be extrapolated to the relatively independent residents in
LTCFs. Residents with visual disability, severe hearing loss, and inability to communicate, who had
been excluded from this study, may have a greater risk of falling and are worth equal attention. We also
cannot eliminate the possibility that some confounding factors were not measured and included
in the analysis, affecting the true relationship between sleep quality and falls. We cannot exclude
the possibility that sleep patterns could have changed during the follow-up period, and may not
accurately reflect the participants’ sleep at the time falls occurred. As indicated by some studies,
sleep disturbances among LTC residents can be persistent for up to 12 months [35]. The change in
sleep pattern may not affect the association to a large extent.

5. Conclusions

In conclusion, both insomnia and benzodiazepine use, are associated with falls and injurious falls
among LTC residents, where insomnia being a major risk factor for falls and benzodiazepine use for
injurious falls. Findings from this study shed light on practices on fall prevention in LTC settings.
To prevent falls in LTCFs, improving sleep quality should be prioritized with non-pharmacological
measures such as napping monitoring, supports for urination at night, and protective environments
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for avoiding falls, etc. For those who are administered hypnotics, additional monitoring and
people-centered individual care should be guaranteed.

Author Contributions: Conceptualization, Y.J., Q.X., JW., PZ. and B.X.; Data curation, Y.J. and S.J.; Formal
analysis, Y.J. and B.X.; Funding acquisition, Y.J., Q.X. and B.X.; Investigation, Q.X., P.Z. and S.J.; Methodology, Y.,
Q.X. and B.X,; Project administration, Y.J., Q.X., JJW., PZ. and B.X.; Resources, ] W.; Supervision, VK.D. and B.X;
Writing—original draft, Y.J., Q.X., S.J. and B.X.; Writing—review and editing, V.K.D. and B.X.

Funding: This research was funded by the Shanghai Municipal Commission of Health and Family Planning,
grant number: 201640040, and the study was also funded by Chinese Centers for Disease Control and Prevention.

Acknowledgments: The authors wish to thank the Changning Association of Elderly Care, all LTCFs involved in
this study, Swedish-Chinese VR-NSFC joint program from Svenska Forskiningsradet Formas (Swedish Research
Council Formas) and Double First-Class Construction Program for Fudan University for their support. Thanks also
go to Wanghong Xu, Yingying Ding from Fudan University, doctors from all community health centers in
Changning District and medical students from Fudan University and Shanghai University of Traditional Chinese
Medicine for their assistant in collecting data. We would like to express our heartfelt appreciation to Gong Yang
from Vanderbilt University for his kind suggestion in preparing this paper and thanks to Fen Wu from New York
University for critical editing of the paper.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design of the
study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to
publish the results.

References

1.  Rubenstein, L.Z.; Josephson, J.K. The epidemiology of falls and syncope. Clin. Geriatr. Med. 2002, 18, 141-158.
[CrossRef]

2. Towne, S.D.; Cho, J.; Smith, M.L.; Ory, M.G. Factors Associated with Injurious Falls in Residential Care
Facilities. |. Aging Health 2017, 29, 669-687. [CrossRef] [PubMed]

3. Ding, Y.Y,; He, G.R;; Chen, Y;; Wang, N.; Yin, Y.Y.; Xi, M.M. Analysis on status quo of falls of the elderly in
pension institutions. Chin. Gen. Pract. Nurs. 2014, 12, 2883-2884. (In Chinese)

4. Zhao,M.; Wang, H.; He, Y,; Xu, J.; Luo, Y,; Sun, J.; Zhu, S.K.; Yu, M. Analysis of epidemic features and risk
factors of the elderly falls among nursing home residents. Chin. J. Emerg. Med. 2016, 25, 654-658. (In Chinese)

5. Li,J.; Chang, Y.P; Porock, D. Factors associated with daytime sleep in nursing home residents. Res. Aging.
2015, 37, 103-117. [CrossRef] [PubMed]

6. Ye, L.C.; Richards, K.C. Sleep and Long-Term Care. Sleep Med. Clin. 2018, 13, 117-125. [CrossRef]

7. Li, J.X,; Yang, B.B.; Varrasse, M.; Li, K. Sleep Among Long-Term Care Residents in China: A Narrative
Review of Literature. Clin. Nurs. Res. 2018, 27, 35-60. [CrossRef]

8. Gindin, J.; Shochat, T,; Chetrit, A.; Epstein, S.; Ben Israel, Y.; Levi, S.; Onder, G.; Carpenter, I.; Finne-Soveri, H.; van
Hout, H,; et al. Insomnia in long-term care facilities: A comparison of seven European countries and Israel: The
Services and Health for Elderly in Long TERm care study. J. Am. Geriatr. Soc. 2014, 62, 2033-2039. [CrossRef]

9.  Montesinos, L.; Castaldo, R.; Cappuccio, F.P.; Pecchia, L. Day-to-day variations in sleep quality affect standing
balance in healthy adults. Sci. Rep. 2018, 8, 17504. [CrossRef]

10. Devore, E.E.; Grodstein, E.; Schernhammer, E.S. Sleep Duration in Relation to Cognitive Function among
Older Adults: A Systematic Review of Observational Studies. Neuroepidemiology 2016, 46, 57-58. [CrossRef]

11. Lan, TY,; Lan, TH.; Wen, C.P; Lin, YH.; Chuang, Y.L. Nighttime Sleep, Chinese Afternoon Nap, and
Mortality in the Elderly. Sleep 2007, 30, 1105-1110. [CrossRef] [PubMed]

12. Min, Y,; Slattum, P.W. Poor Sleep and Risk of Falls in Community-Dwelling Older Adults: A Systematic
Review. J. Appl. Gerontol. 2018, 37, 1059-1084. [CrossRef] [PubMed]

13.  Woolcott, J.C.; Richardson, K.J.; Wiens, M.O.; Patel, B.; Marin, J.; Khan, K.M.; Marra, C.A. Meta-analysis
of the impact of 9 medication classes on falls in elderly Persons. Arch. Intern. Med. 2009, 169, 1952-1960.
[CrossRef] [PubMed]

14. Donnelly, K.; Bracchi, R.; Hewitt, J.; Routledge, P.A.; Carter, B. Benzodiazepines, Z-drugs and the risk of hip
fracture: A systematic review and meta-analysis. PLoS ONE 2017, 12, e0174730. [CrossRef]

15. Avidan, A.Y,; Fries, B.E.; James, M.L.; Szafara, K.L.; Wright, G.T.; Chervin, R.D. Insomnia and Hypnotic Use,
Recorded in the Minimum Data Set, as Predictors of Falls and Hip Fractures in Michigan Nursing Homes.
J. Am. Geriatr. Soc. 2005, 53, 955-962. [CrossRef] [PubMed]


http://dx.doi.org/10.1016/S0749-0690(02)00002-2
http://dx.doi.org/10.1177/0898264316641083
http://www.ncbi.nlm.nih.gov/pubmed/27107006
http://dx.doi.org/10.1177/0164027514537081
http://www.ncbi.nlm.nih.gov/pubmed/25651553
http://dx.doi.org/10.1016/j.jsmc.2017.09.011
http://dx.doi.org/10.1177/1054773816673175
http://dx.doi.org/10.1111/jgs.13099
http://dx.doi.org/10.1038/s41598-018-36053-4
http://dx.doi.org/10.1159/000442418
http://dx.doi.org/10.1093/sleep/30.9.1105
http://www.ncbi.nlm.nih.gov/pubmed/17910382
http://dx.doi.org/10.1177/0733464816681149
http://www.ncbi.nlm.nih.gov/pubmed/28380704
http://dx.doi.org/10.1001/archinternmed.2009.357
http://www.ncbi.nlm.nih.gov/pubmed/19933955
http://dx.doi.org/10.1371/journal.pone.0174730
http://dx.doi.org/10.1111/j.1532-5415.2005.53304.x
http://www.ncbi.nlm.nih.gov/pubmed/15935017

Int. |. Environ. Res. Public Health 2019, 16, 4623 11 of 11

16.

17.

18.

19.

20.

21.

22.
23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Min, Y,; Nadpara, P; Slattum, P.W. The Association between Sleep Problems, Sleep Medication Use, and Falls
in Community-Dwelling Older Adults: Results from the Health and Retirement Study 2010. ]. Aging Res.
2016, 2016, 3685789. [CrossRef]

Lamb, S.E.; Jorstad-stein, E.C.; Hauer, K.; Becker, C. Development of a common outcome data set for fall injury
prevention trials: The prevention of falls network Europe consensus. |. Am. Geriatr. Soc. 2005, 53, 1618-1622.
[CrossRef]

Soldatos, C.R.; Dikeos, D.G.; Paparrigopoulos, T.J. Athens insomnia scale: Validation of an instrument based
on ICD-10 criteria. J. Psychosom. Res. 2000, 48, 555-560. [CrossRef]

Folstein, M.E; Folstein, S.E.; McHugh, PR. Mini-mental state: A practical method for grading the cognitive
status of patients for the clinician. . Psychiatr. Res. 1975, 12, 189-198. [CrossRef]

Yesavage, J.; Brink, T.L.; Rose, T.L.; Lum, O.; Huang, V.; Adey, M. Development and validation of a geriatric
depression screening scale: A preliminary report. J. Psychiatr. Res. 1982, 17, 37-49. [CrossRef]

Ju,].J; Jiang, Y.; Zhou, P; Li, L.; Ye, X.L.; Wu, HM.; Shen, B.; Zhang, ].L.; He, X.D.; Niu, C.J.; et al. Evaluation
of the reliability and validity for X16 balance testing scale for the elderly. BMC Geriatr. 2018, 18, 112-120.
[CrossRef] [PubMed]

Moltd, A.; Dougados, M. Comorbidity indices. Clin. Epidemiol. Biostat. 2014, 32, S131-5134.

Widera, E. What's to blame for falls and fractures? Poor sleep or the sleeping medication?: Comment on
"Nonbenzodiazepine sleep medication use and hip fractures in nursing home residents". JAMA Intern. Med.
2013, 173, 761-762. [CrossRef] [PubMed]

Essien, S.K.; Feng, X.; Sun, WJ.; Farag, M.; Li, L.H.; Gao, Y.Q. Sleep duration and sleep disturbances in
association with falls among the middleaged and older adults in China: A population-based nationwide
study. BMC Geriatr. 2018, 18, 196. [CrossRef]

Latimer, H.E.; Cumming, R.G.; Lewis, R. Sleep Disturbances and Falls in Older People. J. Gerontol. A Biol.
Sci. Med. Sci. 2007, 62, 62—66.

Noh, HW.; Kim, K.B.; Lee, ]. H.; Lee, Y.J.; Lee, B.H.; Kwon, Y.D. Association between Sleep Duration and
Injury from Falling among Older Adults: A Cross-Sectional Analysis of Korean Community Health Survey
Data. Yonsei Med. J. 2017, 58, 1222-1228. [CrossRef]

Mesas, E.; Pez-Garci, E.; Guez-Artalejo, FR. Self-reported sleep duration and falls in older adults. J. Sleep Res.
2011, 20, 21-27. [CrossRef]

Stone, K.L.; Ancoli-Israel, S.; Blackwell, T.; Ensrud, K.E.; Cauley, ].A.; Redline, S.; Hillier, T.A.; Schneider, J.;
Claman, D.; Cummings, S.R. Actigraphy-Measured Sleep Characteristics and Risk of Falls in Older Women.
Arch. Intern. Med. 2008, 168, 1768-1775. [CrossRef]

Bolton, ].M.; Metge, C.; Lix, L.; Prior, H.; Sareen, J.; Leslie, W.D. Fracture risk from psychotropic medications:
A population-based analysis. J. Clin. Psychopharmacol. 2008, 28, 384-391. [CrossRef]

Cumming, R.G.; Le Couteur, D.G. Benzodiazepines and risk of hip fractures in older people: A review of the
evidence. CNS Drugs 2003, 17, 825-837. [CrossRef]

Bartlett, G.; Abrahamowicz, M.; Grad, R.; Sylvestre, M.P.; Tamblyn, R. Association between risk factors
for injurious falls and new benzodiazepine prescribing in elderly persons. BMC Fam. Pract. 2009, 10, 1-8.
[CrossRef] [PubMed]

Kang, D.Y,; Park, S.; Rhee, C.W.; Kim, Y.J.; Choi, N.K;; Lee, ].; Park, B.]. Zolpidem Use and Risk of Fracture in
Elderly Insomnia Patients. J. Prev. Med. Public Health 2012, 45, 219-226. [CrossRef] [PubMed]

Stone, K.L.; Ensrud, K.E.; Ancoli-Israel, S. Sleep, insomnia and falls in elderly patients. Sleep Med.
2008, 9, S18-5S22. [CrossRef]

Sun, J.L.; Chiou, J.E; Lin, C.C. Validation of the Taiwanese version of the Athens Insomnia Scale and
assessment of insomnia in Taiwanese cancer patients. J. Pain Symptom Manag. 2011, 41, 904-914. [CrossRef]
Fung, C.H.; Martin, J.L.; Chung, C.; Fiorentino, L.; Mitchell, M.; Josephson, K.R.; Jouldjian, S.; Alessi, C.
Sleep disturbance among older adults in assisted living facilities. Am. J. Geriatr. Psychiatry 2012, 20, 485-493.
[CrossRef]

@ © 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1155/2016/3685789
http://dx.doi.org/10.1111/j.1532-5415.2005.53455.x
http://dx.doi.org/10.1016/S0022-3999(00)00095-7
http://dx.doi.org/10.1016/0022-3956(75)90026-6
http://dx.doi.org/10.1016/0022-3956(82)90033-4
http://dx.doi.org/10.1186/s12877-018-0803-6
http://www.ncbi.nlm.nih.gov/pubmed/29807543
http://dx.doi.org/10.1001/jamainternmed.2013.3801
http://www.ncbi.nlm.nih.gov/pubmed/23459766
http://dx.doi.org/10.1186/s12877-018-0889-x
http://dx.doi.org/10.3349/ymj.2017.58.6.1222
http://dx.doi.org/10.1111/j.1365-2869.2010.00867.x
http://dx.doi.org/10.1001/archinte.168.16.1768
http://dx.doi.org/10.1097/JCP.0b013e31817d5943
http://dx.doi.org/10.2165/00023210-200317110-00004
http://dx.doi.org/10.1186/1471-2296-10-1
http://www.ncbi.nlm.nih.gov/pubmed/19126237
http://dx.doi.org/10.3961/jpmph.2012.45.4.219
http://www.ncbi.nlm.nih.gov/pubmed/22880153
http://dx.doi.org/10.1016/S1389-9457(08)70012-1
http://dx.doi.org/10.1016/j.jpainsymman.2010.07.021
http://dx.doi.org/10.1097/JGP.0b013e318252e3e0
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Settings and Participants 
	Determination of Falls 
	Sleep Quality and Medication Use 
	Potential Confounders 
	Ethical Consideration 
	Statistical Analysis 

	Results 
	Basic Characteristics of the Participants 
	Sleep Quality, Hypnotics Use, and Sleep-Related Behaviors 
	Sleep Quality, Hypnotics Use, and Falls 

	Discussion 
	Conclusions 
	References

