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Abstract

Background Z-drugs are usually prescribed as first line pharmacological therapy for insomnia. However, the ben-
efits and risks of Z-drugs may differ for older adults. This systematic review investigated the available evidence on the
efficacy and safety of Z-drugs in the management of insomnia in older adults.

Methods The Cochrane database of Systematic Reviews, the Cochrane Central Register of Controlled Trials, PubMed/
MEDLINE and EMBASE were searched for systematic reviews, meta-analyses, controlled interventional and observa-
tional studies using a pre-formulated search term. The target population was older adults (=65 years old) with insom-
nia. Studies were included if they reported efficacy and/or safety outcomes of the use of Z-drugs for the management
of insomnia compared to placebo, usual or no treatment, or other pharmacological agents.

Results Eighteen studies were included (8 interventional and 10 observational studies). In short-term interventional stud-
ies, Z-drugs were similarly or better efficacious in improving both sleep and daytime parameters than placebo or other
pharmacological treatments, while showing good results on measures of safety. However, in longer-term observational
studies, Z-drugs significantly increased the risk for falls and fractures in comparison to no treatment or melatonin agonists.

Conclusions Analyzing the evidence from short-term interventional studies, Z-drugs appear effective and safe for
treatment of insomnia in older adults, but they may have unfavorable side effects when used for longer periods of
time. We, therefore, recommend discontinuing Z-drugs, principally because of the high risk for falls and fractures.
Nonetheless, quality and quantity of evidence are low. Due to the scarcity of data, especially concerning drug
dependence after longer periods of treatment and due to the significantly increased risk for falls and fractures, further
studies are needed to evaluate the benefit-risk profile of Z-drugs use in older patients, particularly for long-term use.

Keywords Systematic review, Benzodiazepine-like medication, Z-drugs, Zolpidem, Insomnia, Inappropriate
prescribing, Older people, Elder, Elderly
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difficulties initiating or maintaining sleep as well as with
early-morning waking with an inability to return to sleep
[1]. Approximately 6 to 10% of adults experience insom-
nia that meets diagnostic criteria [2]. Insomnia is more
commonly experienced by older adults and can occur
independently or be caused by other diseases [3].

Benzodiazepine-like medications (BDLM), also called
Z-drugs, are a chemically heterogenous group defined
by their mechanism of action: a selectivity for certain y-
aminobutyric acid (GABA) receptor subunits that distin-
guishes them from Benzodiazepines (BDZ) [4-6].

Over the last 5 years zolpidem has been the most fre-
quently prescribed hypnotic worldwide [7]. In the year
of 2017, zolpidem and zopiclone were the top two pre-
scribed BDLM in Europe [8]. Various studies confirm the
high prescription rate of Z-drugs in community-dwelling,
hospitalized and nursing home patients, with prescribing
rates highest for older women [9-12].

BDLM are licensed only for short-term use. This
restriction entails a paradox, as the vast majority of
afflicted patients is in need of long-term treatment [13].

The time restriction on BDLM use is attributable to
their effect-risk profile, where negative impact multi-
plies with prolonged duration of treatment and benefits
decrease or stay steady at best [14].

BDLM were expected to achieve the strong sedative
and hypnotic effects desired, while avoiding the anxio-
lytic, myorelaxant, analgesic, and anticonvulsant side
effects of Benzodiazepines [7, 15, 16]. It was hypoth-
esized that there was a link between receptor subtype
selectivity and the reduction of side effects.

However, recent studies point to hang-over effects
including impairment of cognitive and memory functions
on the day after use [16, 17] the development of rebound
insomnia after discontinuation of therapy, and most
strikingly a lack of difference to BDZ in the rapid induc-
tion of tolerance [16], as well as a high risk of addiction
resulting in an increasing proportion of chronic users
and abusers [16, 18, 19].

In addition, observational studies linked Z-drugs to
dementia and delirium, while demonstrating an associa-
tion with car accidents and serious risks of falls and hip
fractures [20].

Across North America, there have been several safety
warnings for this class of medications, related to their use
by older patients [21].

Controversy exists about the classification of Z-drugs
as potentially inappropriate medication (PIM). The
updated Beers Criteria by the American Geriatrics Soci-
ety in 2019 strongly recommend strictly avoiding Z-drugs
in older adults [22]. In the EU(7)-PIM list, Z-drugs are
also classified as PIM, with the recommendation to
choose the lowest dose (up to half of the usual dose) and
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the shortest possible duration of therapy. In contrast to
these recommendations, Z-substances have not been
classified as PIM in the Austrian PIM list, due to their
inconsistent rating in previous literature; especially on
the issue of dependency [23]. They are even featured as
an alternative medication for BZD identified as PIM.

To the best of our knowledge, no systematic review
(SR) has evaluated the evidence on the use of Z-drug to
treat insomnia specifically in older adults.

The objectives of this SR are therefore to:

+ review systematically the literature on the risks and
benefits of the use of Z-substances in the treatment
of insomnia in older adults

« critically assess the quality of evidence identified, and

+ develop recommendations for or against the use of
BDLM in the treatment of insomnia in older adults

Methods

This systematic review was conducted in accordance
with the methods developed in the Cochrane Handbook
for Systematic Reviews of Interventions [24] and the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) [25]. The study protocol was
registered on PROSPERO and can be accessed under the
registration number CRD42020156349.

Study inclusion criteria

Types of studies

Systematic reviews, meta-analyses, controlled interven-
tional studies and observational studies reporting on
the safety and efficacy of the use of Benzodiazepine-like
medication (BDLM) in the treatment of insomnia in
older adults were included. We excluded abstracts, edito-
rials, opinion papers, case reports, case series, narrative
reviews, letters, qualitative studies and dose-response
studies.

Types of participants
The population was defined as patients aged 65 or older
with the indication for the prescription of BDLM. This
age-threshold was chosen due to it being in standard use
as it reflects retirement age in some developed countries
[26, 27]. The inclusion criteria were:

For systematic reviews and meta-analyses:

+ overall mean age — 1.2 SD > 65years; or

+ overall mean age <65 with subgroup analysis of par-
ticipants with mean age — 1.2 SD > 65 years; or

« overall mean age not reported but included studies
accepting only participants > 65years
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For individual controlled interventional and observa-
tional studies:

» meanage— 1.2 SD > 65years; or

« mean age <65 with subgroup analysis of participants
with mean age — 1.2 SD > 65years; or

« mean age not reported but all participants > 65years

Types of interventions

Studies reporting on the efficacy and/or safety of BDLM
in all doses and formulations for the treatment of insom-
nia were included. Control was either no therapy, pla-
cebo, standard therapy, or other pharmacological or
non-pharmacological interventions.

Types of outcomes

Outcomes included were quality of life, hospitalizations,

mortality, falls, fractures, and severe organ failures.
Further outcomes that reflect the reduction of symp-

toms of insomnia and improvement in daytime function

were included such as:

+ Sleep latency

«+ Total sleep time

« Wake time after sleep onset
«+ Sleep quality

+ Daily function

+ Adverse events data

Setting
All settings were included.

Language
No language restrictions were included in the study
searches.

Search method
A comprehensive search for systematic reviews and
meta-analyses, controlled interventional studies and
observational studies was conducted using a predevel-
oped search term on four databases: PubMed/Medline,
EMBASE, the Cochrane Database of Systematic Reviews
and the Cochrane Central Register of Controlled Trials.
The PICOS-framework was used to develop a search
term (population: people over 65years, intervention:
BDLM, comparator: no limits, outcomes: see list above
‘Types of outcomes’ and study design: systematic reviews,
meta-analyses, controlled interventional studies and
observational studies). The full search term can be found
as Additional file 1.
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The search was conducted on the 19th of June 2019 by
a data research team at the University of Witten using the
OVID interface for each database.

Data management

Search results were saved on EndNote X9 reference
management software. Upon retrieval, results were
de-duplicated.

Selection of studies
The titles and abstracts identified were independently
screened for eligibility by two reviewers. Full text articles
were obtained for all references meeting the inclusion
criteria, or where there was uncertainty about inclusion.
VS, LH and EM were involved in this task.

Consensus was established and in case of disagreement
arbitrated by AS.

Reference lists of included studies and studies identi-
fied via snowballing were screened for eligibility.

Studies excluded in full text were listed with a justifica-
tion for exclusion.

Data extraction

Data extraction was conducted independently using a
previously developed standardized data extraction form.
Data items extracted were study design, objective, data
of participants, intervention and comparator, study dura-
tion, outcome measures and sponsors. Completeness and
accuracy of data extraction were double-checked by two
further independent reviewers.

Quality appraisal
For different study designs distinct validated tools of
assessment were used to evaluate quality. Systematic
reviews and meta-analyses were appraised using the
critical appraisal tool for systematic reviews (AMSTAR2)
[28], clinical studies utilizing the revised Cochrane risk-
of-bias tool for randomized trials (RoB2) [29], and for
observational studies the critical appraisal skills program
checklist (CASP) [30] was used.

Quality appraisal was carried out by two independent
researchers (VS and EM) and in case of disagreement
arbitrated by a third reviewer (AS).

Data synthesis

A descriptive and narrative summary of results with
a focus on clinical endpoints was formulated. Quality
of included studies was described. In case of data from
included studies being homogenous enough in terms of
treatments, study duration, study design and outcomes, a
meta-analysis of results was calculated.
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Results
Results of the search
Five hundred forty-two records were identified through
database searches, and 33 additional records through
other sources (hand searches of reference lists of included
studies). After removing 26 duplicates, we screened 549
records and excluded 500 records scrutinizing titles and
abstracts. We assessed 49 full text articles for eligibil-
ity and excluded 31 records. Main reasons for exclusion
were wrong population age, wrong study design, and
wrong publication type. A full list of excluded studies
with reasons can be found as Additional file 2.

The PRISMA flow diagram is presented in Fig. 1.

Characteristics of included studies

The total of 18 eligible studies consists of eight rand-
omized-controlled studies [31-38], nine case-control or
case-crossover studies [39-47] and one cohort study [48].
Study characteristics are listed in Table 1.

Page 4 of 19

Patient characteristics

RCTs

In summary, 1902 persons participated in the RCTs. All
studies analyzed participants older than 65years [31-38].
The proportion of male participants ranged from 19.2%
[35] to 45.6% [38]. Four trials reported ethnicities [31, 32,
36, 38].

The number of participants ranged from 44 [34] to
549 [32]. Study duration varied from 2weeks [35, 38] to
18 weeks [31].

Four trials reported comorbid conditions [31, 33, 35,
38], co-medication was mentioned in 5 studies [31, 33—
35, 38], and cognitive examination was performed in 5
trials [31-33, 35, 38]. All RCTs included aimed at evalu-
ating the efficacy and safety of BDLM either versus pla-
cebo [31, 32, 38] or versus BDZ [33, 35, 37], or versus
placebo and BDZ [34, 36].

Four RCTs were conducted in the US [31, 32, 36, 38],
one was conducted in Sweden [33], one in Canada [34],
one in Germany [35], and one study was carried out in
France and Belgium [37]. Six studies were sponsored

P
=
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8 database searching through other sources
b (n=542) (n=33)
g
=2
v v
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Fig. 1 PRISMA flow diagram
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by pharmaceutical companies [31-34, 36, 38], in the
remaining two studies [35, 37] no information was pro-
vided about sponsoring.

Observational studies

One retrospective cohort study was included in our anal-
ysis [48]. All participants were older than 70years and up
to 60% were female. The study included 156,987 partici-
pants taking BDLM and aimed at examining the risk of
accidental events. Data were recorded over a period of 3
months following a period of at least 3 months without
a prescription claim for insomnia medication. The study
provided information about comorbidities and co-medi-
cation, but no data about physical or cognitive examina-
tions is given. It was conducted in the US and was carried
out from 2000 to 2006.

Five case-control [40, 42, 43, 46, 47] and four case-
crossover studies [39, 41, 44, 45] were included in our
analysis. In total, 83,727 participants took part in the
nine studies. The number of participants varied widely
ranging from 27 [40] to 20,077 participants [42]. All par-
ticipants were older than 65 years.

Three studies did not report on the sex of participants
[40, 43, 47], in the remaining six trials [39, 41, 42, 44—46]
the proportion of male participants ranged from 16% [46]
to 40% [42].

Kang, Pierfitte, Tang and Zint provided no informa-
tion about ethnicity. Six studies [39, 41, 42, 44-46]
delivered information about comorbidities, while four
studies [41, 42, 45, 46] gave notice about co-mediation.
One study [43] reported findings of physical and cogni-
tive examinations.

Outcome parameters were fractures [41, 44], hip frac-
tures [39, 42, 43, 45-47], falls in the hospital [40], and
traumatic brain injury [45].

Four studies were conducted in the US [39, 45-47],
three in Taiwan [40, 42, 44], one in South Korea [41], and
one in France [43].

Table 2 Risk of bias assessment of randomized controlled trials
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Additional file 3 shows the characteristics of the par-
ticipants of the included studies.

Quality appraisal and study quality

RCTs

The year of publication of the included RCTs ranges from
1987 to 2010. A summary of the risk of bias assessments
for the RCTs is displayed in Table 2.

The overall risk of all included randomized-controlled
studies was classified as high [31-38].

The randomization process remained unclear in all
included RCTs. Allocation concealment was clearly inad-
equate in the study of Ancoli-Israel 2010 and turned out
to be unclear in the remaining 7 RCTs [31-38]. The stud-
ies of Ancoli-Israel 1999, Dehlin, Elie, Leppik, Roger and
Scharf showed a high risk for deviations from intended
interventions. Two studies [34, 37] maintained some con-
cerns in respect to missing outcome data, while bias from
missing outcome data was interpreted as being low in all
other six studies [31-33, 35, 36, 38].

Concerning the measurement of the outcome only
the study of Ancoli-Israel 2010 revealed a low risk; it
remained unknown in studies published by Dehlin, Elie,
Klimm, Leppik, Roger and Scharf.

Finally, the two studies published by Ancoli-Israel
2010 und Scharf showed low risk in terms of selection
of reported outcome, whereas the risk was assessed as
unknown in the remaining six studies [32-37].

Observational studies
The publication years of the observational studies range
from 2001 to 2016.

A summary of the risk of bias assessment checklists
for the nine case-control and case-crossover studies is
depicted in Table 3 and for the single included cohort
study in Table 4.

Most of the included studies reported sufficient detail
to assess their quality. All studies [39-47] showed a

Study Randomization process Deviations Missing outcome data Measurement  Selection Overall risk
from intended of the outcome of reported
interventions results
Ancoli-Israel 2010 Unknown risk Some concerns Low risk Low risk Low risk High risk
Ancoli-Israel 1999 Unknown risk High risk Low risk Some concerns  Unknown risk High risk
Dehlin 1995 Unknown risk High risk Low risk Unknown risk Unknown risk High risk
Elie 1990 Unknown risk High risk Some concerns Unknown risk Unknown risk High risk
Klimm 1987 Unknown risk Unknown risk Low risk Unknown risk Unknown risk High risk
Leppik 1997 Unknown risk High risk Low risk Unknown risk Unknown risk High risk
Roger 1993 Unknow risk High risk Some concerns Unknow risk Unknown risk High risk
Scharf 2005 Unknown risk High risk Low risk Unknown risk Low risk High risk
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clear focus of research, an appropriate method of meas-
urement, an acceptable recruitment of cases, an accu-
rate measurement of exposure, and equal treatment of
groups. All studies but one [41] confirmed the available
evidence. Believability of the results was provided by 5
of the included studies [39, 41, 43—45]. Major confound-
ing factors were identified in 4 studies [39, 41, 44, 45]. All
studies reported on the size of treatment effects and pre-
cision of estimate.

The single included cohort study [48], retrospective
in nature, provided no information on the appropriate
length and scale of follow up. Quality in all other items
included in the quality appraisal was good.

Efficacy and benefit

All RCTs assessed data about the efficacy and/or effec-
tiveness of BDLM using subjective reports of sleep
parameters and quality.

Outcome parameters included in the RCTs were sleep
latency, total sleep time, wake time after sleep onset,
numbers of awakenings, sleep quality, and daytime
parameters.

Five studies found a significant decrease in SL as com-
pared to placebo [31, 34-36, 38] and an advantage in
comparison to triazolam and temazepam [34, 36]. A sig-
nificant increase of total sleep time was reported in the
studies published by Leppik, Roger and Scharf. Whilst
the number of awakenings under treatment with BDLM
was significantly lower when compared to placebo [38],
there was no difference in comparison with flunitraz-
epam [33] and triazolam [37].

Safety and adverse effects

The multiple adverse events of treatment with BDLM in
the RCTs included dizziness [31, 35—-37], nervousness
[31, 36], falls [31, 37], anxiety, memory impairment and
hallucinations [31], confusion [35], and fatigue [36].

All five case-control [40, 42, 43, 46, 47] and four case-
crossover studies [39, 41, 44, 45] as well as the retro-
spective cohort study [48] focused on predefined health
problems and their association to BDLM treatment.

Six studies provided data on an association between
BDLM treatment and hip fractures [39, 42, 43, 45-47],
two studies reported on fractures overall [41, 44], one
study focused on traumatic brain injury [45], another one
researched the connection between BDLM treatment
and falls [40] and a third examined the relationship with
all types of accidental events [48].

In these studies, an increased risk for hip fractures (OR
range 1.3 (CI95 0.7-2.5); 3.87 (CI95 2.71-5.53)), trau-
matic brain injury (OR 1.87 (CI95 1.56-2.25)), fractures
(OR range 1.84 (CI95 1.47-2.30); 1.27 (CI95 1.09-1.48)),
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falls and fractures (OR 2.38 (CI95 1.04—5.43)) and acci-
dental events (OR of 1.12 (CI95 n.r.)) was reported.

A summary of the findings of controlled and observa-
tional studies can be found as Additional files 4 and 5,
respectively.

Meta-analyses

Due to heterogeneity of the included studies only two
meta-analyses could be performed. The first meta-analy-
sis includes three case-control-studies [43, 46, 47] inves-
tigating Zolpidem use in patients with and without hip
fracture (see Fig. 2). In this meta-analysis, significance is
just missed.

The second meta-analysis studies the risk of any frac-
ture in users and non-users of Zolpidem in two studies
[41, 44] with a case-crossover-design (see Fig. 3). The
meta-analysis reveals a significant relationship between
fracture risk and zolpidem use.

Both meta-analyses are characterized by a high hetero-
geneity of the included studies (I* > 50%).

Recommendation

A GRADE Evidence Profile table and a GRADE Sum-
mary of Findings table were created to summarize the
results of this systematic review and are shown here as
Tables 5 and 6, respectively.

Explanations: a. randomization process, concealment
of allocation, and blinding unclear; b. High risk for selec-
tion bias, no adjustment for confounders.

CI Confidence interval, OR Odds ratio, SMD Standard-
ized mean difference.

Based on the results of the included studies and addi-
tional references of interest, one recommendation in
relation to BDLM use in older adults with insomnia was
developed. The recommendation is that clinicians should
consider discontinuing longer term use of BDLM, princi-
pally because of the high risk for falls and fractures. The
recommendation was considered a strong recommen-
dation. The quality was downgraded from high to low
because the evidence was derived from case-control and
other observational studies only [39-49].

Discussion
To the best of our knowledge, our systematic review is
the first to evaluate the evidence on the use of Z-drugs
to treat insomnia specifically in older adults. We included
eight RCTs [31-38], nine case-control and case-crossover
studies [39—-47], and one retrospective cohort study [48].
Five RCTs found a significant decrease in SL as com-
pared to placebo [31, 34-36, 38] and an advantage in
comparison to triazolam and temazepam [34, 36]. A sig-
nificant increase of total sleep time was reported in the
studies published by Leppik, Roger and Scharf. Whilst
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Hip fracture  No hip fracture Odds Ratio Odds Ratio
Study or Subgroup  Events  Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Pieritte 2001 15 245 35 817 249% 1.46(0.78,2.72) T
Wang 2001 20 1222 34 4888 276% 2.38(1.36,4.14) ——
Zint 2010 456 2840 1608 11410 47.5% 1.17(1.04,1.31) o
Total (95% CI) 4307 17115 100.0% 1.50 [0.96, 2.34) <P
Total events 40 1677
Heterogeneity. Tauv®= 0.10, Chi*= 6.41,df= 2 (P = 0.04), F= 69% k t + J
pe ! 0.01 01 1 10 100
Testfor overall effect Z=1.80 (P = 0.07) Favours [experimental) Favours [control)
Fig. 2 Zolpidem use and hip fracture risk
fracture No fracture Odds Ratio Odds Ratio
Study or Subgroup  Evemts Total Bvents Total Weight M.H, Random, 95% CI M.H, Random, 95% CI
Kang 2012 236 1508 722 6032 452% 1.36[1.16, 1,60) L
Tang 2015 487 6010 1755 24040 548% 1.12[1.01,1.249)
Total (95% CI) 7518 30072 100.0% 1.22[1.01, 1.48]
Total events 723 2477
Heterogeneity; Tau*= 0.01; Chi*= 4.14, df= 1 (P = 0.04); = 76% 501 o i " 100

Testfor overall effect Z= 206 (P = 0.04)

Fig. 3 Any fracture and Zolpidem use

the number of awakenings under treatment with BDLM
was significantly lower when compared to placebo [38],
there was no difference in comparison with flunitraz-
epam [33] and triazolam [37].

However, important limitations concerning the evi-
dence on efficacy and safety of BDLM in the included
RCTs must be taken into consideration. Study duration
was short, varying from only 2 weeks to 18 weeks, no
RCT addressed the problems of dependency and induc-
tion of tolerance, a major medication issue as most older
patients who suffer from insomnia are chronic users of
BDLM, and only four RCTs reported comorbid condi-
tions [31, 33, 35, 38], while five RCTs mentioned co-med-
ication [31, 33-35, 38] and an examination of cognitive
status [31-33, 35, 38].

The overall study quality of the RCTs must be con-
sidered low, particularly in terms of the randomization
process and risk of selection of reported outcomes. In
addition, six out of the eight RCTs were sponsored by
pharmaceutical companies and for the further two no
information about sponsors was provided.

A study conducted by Ancoli-Israel et al., which could
not be included in our review due to the lack of com-
parator, investigated zopiclone treatment for the longer
period of 6 to 12months. The positive effects were not
paid off by rebound insomnia [50].

In addition, a systematic review on zolpidem in
patients older than 60years summarized that Zolpidem
was effective at reducing SL and thereby increasing TST
without significant negative effects [7]. It concluded that

Favours [experimental] Favours [control]

zolpidem was well-suited for short-term use, but its long-
term effects were still rather unknown, pointing to a poor
study quality and high number of methodological flaws.

In contrast, a systematic review on sedative hypnot-
ics published in 2005, which used the age of 60years to
define older people, calculated a number needed to treat
for BDLM of 13 with the number needed to harm esti-
mated at 6 for the researched age group [51]. This review
concluded that BDLM should be avoided.

Further studies and reviews of case reports and pre-
scription data point to the abuse potential and induc-
tion of dependence of BDLM [52, 53]. An examination
of 33,240 reports of suspected adverse drug reactions to
the European Medicines Agency between 2003 and 2017
established a great risk of dependence as well as a mas-
sive potential for abuse with the authors estimating that
current data potentially starkly underestimate the real
prevalence of BDLM misuse [54].

Due to the heterogeneity in study designs and duration
only three case-control studies estimating the effect of
Zolpidem on the risk of hip fracture [43, 46, 47] could be
included in a meta-analysis. The calculated OR is 1.50 (CI
95 0.96—2.34), where significance is just missed.

The data of two studies estimating the increase in risk
of BDLM users versus non-users for all types of fractures,
ascertaining the exposure to BDLM using prescription
data [41, 44], have been used in a meta-analysis with a
resulting OR of 1.22 (CI 95 1.01-1.48), pointing to a sig-
nificant relationship between BDLM use and an elevation
to the risk of fractures.
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When considering the evidence provided by the obser-
vational studies on associations of BDLM with specific
health outcomes, certain limitations apply. The first issue
to consider is the method of ascertaining exposure to
BDLM; only one study used blood samples to confirm
exposure, while the majority relied on prescription data,
which do not necessarily translate to exposure with the
pharmacological agent.

A further limitation applying to the included case-
control studies is that they failed to identify insomnia as
a confounding factor for fractures and falls, thereby ren-
dering their results of questionable reliability.

A limitation inherent to the case-crossover study is
its inability to measure or evaluate the effect of chronic
exposure or use [55].

The cohort study [48] was adjusted for insomnia as a
confounding factor by comparing the risk for accidents
between groups of patients who were prescribed different
hypnotic medications and still found a positive associa-
tion between the use of BDLM and the risk for accidents.

A prospective cohort study conducted in Norway and
published in 2004 [49], which narrowly missed the age
inclusion criteria of this systematic review appears to
confirm the results on the association between BDLM
and hip fractures: it estimated a standardized incidence
ratio of 1.2 (CI1 95 1.1-1.2).

Moreover, a meta-analysis published in 2017 [56] esti-
mated the association between BDLM and falls, fractures
and injuries, using data from patients older than 18years
with an OR of 1.63 (CI 95 1.42-1.87). However, due to
the large heterogeneity of studies summarized (I =90%),
the reliability of the calculated odds has to be critically
scrutinized.

Despite the association between BDLM and an increase
in falls and fractures found in these observational studies,
neither falls nor fractures feature in the reported adverse
events of the included RCTs, which is most likely due to
the inherent differences in the study designs. While RCTs
tend to exclude patients, who are more at risk of having
adverse event and focus on efficacy rather than safety,
the included observational studies put the spotlight on
previously defined safety aspects of BDLM therapy and
established a correlation between BDLM intake and falls
and fractures. RCTs also potentially provide insufficient
sample size and insufficient study duration to produce
data on rare adverse events or adverse events that might
develop after longer periods of use.

Concerning our recommendation of discontinuing
BDLM in older adults, caution is advised. The process of
discontinuation should be conducted as a gradual pro-
cess in accordance with the respective guidelines for dis-
continuation of BDZ and BDLM [57].
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Within the inclusion criteria of this systematic review,
no studies on the association between BDLM and the
onset and progress of Alzheimer’s disease or other forms
of dementia were found. However, in a recently published
review by Ettcheto et al., the authors were convinced to
have enough evidence to recommend an extremely cau-
tious attitude towards the use of BDLM in patients with
a family history of or suffering from Alzheimer’s disease
[58].

Limitations

This systematic review has several limitations. One of the
major limitations is the small number of eligible studies
included in the meta-analyses that have a high level of
heterogeneity, which diminishes the predictive certainty.

Furthermore, the search strategy and inclusion crite-
ria were designed to identify studies focusing on older
people; studies on the general population that may have
contained relevant information for the older population
might have been overlooked. However, the risk was mini-
mized through examination of the full texts of references
where these data were unclear in the abstracts. We also
checked the reference lists of all included studies to iden-
tify further eligible studies. In addition, using independ-
ent reviewers for study selection, evaluation of bias and
extraction of data should have minimized this problem.
We could also have missed studies because of language
bias as we only included studies written in English or
German.

Another limitation is the discrepancy in safety data
between interventional and observational studies. Due to
the limited participant size and duration of the included
interventional studies, rare adverse events or adverse
events that develop over a certain duration of intake
are not reflected in their safety data and the increased
risk of falls and fractures that our recommendation is
based on can only be found in the observational studies,
which have much larger sample sizes and study dura-
tions. Finally, our recommendation only focusses on the
discontinuation of BDLM. Nevertheless, this systematic
review aims at providing an overview on the existing
evidence on both the benefits and the risks of the use of
BDLM in older people.

Conclusion

This review underscores the lack of high-quality evidence
on the benefits and risks of BDLM treatment for insom-
nia. In short-term studies, the intake of BDLM appears
to improve both sleep and daytime parameters, while
producing neither hangover, induction of tolerance nor
dependence and virtually no ADE other than unpleasant
taste when compared to placebo. However, no long-term
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controlled prospective studies on the use of BDLM in
older people are available. Furthermore, in observational
studies, the use of BDLM is associated with a significant
increase in the risk for falls and fractures.

Our recommendation is that clinicians should consider
discontinuing BDLM, principally because of the high risk
for falls and fractures.

High quality and independent studies on the risks and
benefits of BDLM use for insomnia in older populations,
especially in the light of the lack of long-term studies, are
needed in order to enable evidence-based decision mak-
ing on an individual patient level.
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