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Abstract

Purpose of Review: Adverse effects of sedative-hypnotic medications on cognition are
concerning. Past studies have examined benzodiazepine (BZD) use and cognitive outcomes;
however, few studies have examined newer non-BZD hypnotic agents (nBHs; e.g. zolpidem). This
systematic review examined observational studies assessing the association between nBH use and
cognitive outcomes.

Recent Findings: Five studies met eligibility requirements and were included in the review.
Most studies did not find an association between nBH use and dementia diagnosis; however, we
found no studies assessing other cognitive outcomes such as cognitive performance (e.g., word
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recall tasks). Characterization of nBH use mostly consisted of incident new use; one study
assessed nBH dosing; none examined duration of use. Studies included were of strong quality.

Summary: This review found no association between nBH use and dementia diagnosis, although

there is a need for more research on more cognitive outcomes and nBH use patterns.

Keywords
dementia; Alzheimer’s disease; sleep medications; insomnia; non-benzodiazepine hypnotics

INTRODUCTION

Sedative-hypnotic medications are used for the treatment of sleep and anxiety disorders,
among other indications. The most common sedative-hypnotic medications are
benzodiazepines (BZDs; e.g. alprazolam, clonazepam, lorazepam, etc.) and non-BZD
hypnotics (nBHs; e.g. zolpidem, zaleplon, eszopiclone) [1]. BZDs were developed in the
1950s but concerns about their safety [2] prompted the development of the nBHs in the
1990s as safer alternatives to BZDs specifically for the treatment of insomnia [1]. The nBHs
were designed to bind to some but not all GABA-A receptor subtypes as compared to BZDs.
There are concerns about the use of these agents, especially in vulnerable groups like older
adults, as their use has been shown to be associated with adverse health outcomes such as
falls [3, 4] and hip fractures [5, 6], and decline in function [7-9]. These concerns have led
medical organizations to recommend against using these medications specifically in older
adults [10-12]. Most recently, the Food and Drug Administration implemented a new
Blackbox Warning for common nBHs due to concerns of complex behaviors during sleep
(e.g., sleep walking, sleep driving, etc.) possibly leading to serious injury [13].

Sedative-hypnotic use has also been associated with cognitive outcomes, including lower
cognitive performance [14-17] and diagnosis of Alzheimer’s disease and related dementias
(ADRD) [18-26]. The vast majority of these studies have focused on BZD use and have had
mixed findings. Studies using cognitive performance measures show common BZD
cognitive adverse effects to include problems with learning and memory [14-17], speed of
processing [14, 27, 28], attention [14, 27-29], and visual-spatial ability [14, 27, 30]. There is
also evidence from epidemiologic studies of associations of BZD with ADRD diagnosis
[18-26]—studies have shown that BZD use is associated with increased risk of ADRD,
although the evidence is less consistent pertaining to other aspects of BZD use including
duration of use. As an example, Billioti de Gage et al. showed BZD use to be associated
with new diagnosis of ADRD with a dose response relationship for duration of use (i.e.,
those using for longest duration were at almost 84% greater risk of ADRD compared to non-
users) [20]. Gray et al. also found an association between BZD use and ADRD diagnosis,
although the association was modest and there were no differences across varying durations
of use, which did not support a causal relationship [22].

Despite the data on BZDs and risk for poor cognitive outcomes, there has been less focus on
the newer nBHs. Since the 1990s, a number of clinical trials have demonstrated the safety of
nBHs related to cognition, showing that there was no adverse effect or only minimal

impairment on cognitive performance [31-33]. However, these initial trials mostly recruited
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a select sample of healthy participants who were introduced to treatment with nBHSs for the
first time. These participants may not be representative of patients using nBHs in the
community especially older adults. For example, Kaufmann et al. found that there was a
140% increase in use of nBHs between 1993-2010 [34], and that much of this increase was
driven by long-term prescribing [35] and increased rates of long-term use [36]. Because of
this trend, there is a need for a synthesis of population-based observational studies
examining the association between nBH use and cognitive outcomes.

To the best of our knowledge, there have been no systematic reviews of studies examining
nBH use and cognition. To address this gap, we conducted a systematic review of the
literature examining associations between use of nBHs and cognitive outcomes. Specifically,
we reviewed observational studies pertaining to outcomes related to either cognitive
performance and/or risk of developing ADRD. We ultimately sought to identify critical gaps
in literature to identify future research directions.

METHODS
Study Eligibility

In this systematic review, we focused on observational population-based epidemiologic
studies examining the association between nBH use and cognitive and/or ADRD outcomes,
and included at least some older adult persons within the sample (over age 65 years). To
examine nBH use only, we excluded articles that examined nBH use but combined reporting
with other agents like BZDs. We also excluded case reports, review articles, and studies
from clinical trials

Search Strategy

We searched both PubMed and EMBASE for articles that were published on or before
September 15, 2019 (our last search date). We chose not to have a start date to ensure all
necessary articles were captured. For PubMed, we used the following search strategy:
“(zolpidem OR zaleplon OR eszopiclone OR ambien OR lunesta OR sonata OR sleep
medications OR z-drug) AND (cognition OR dementia OR Alzheimer’s disease).” For
EMBASE, we used a similar search strategy based upon indexed words in their database:
“(“zolpidem’ OR “zaleplon’ OR “eszopiclone’ OR ‘zolpidem tartrate’ OR ‘sleep
medications’ OR ‘z drug’) AND (‘cognition’ OR ‘dementia’ OR ‘Alzheimer disease”)”. For
our search in EMBASE, we excluded articles that were also indexed in PubMed.

For each article obtained from PubMed and EMBASE, two reviewers (CNK and LAH)
independently reviewed titles and abstracts iteratively to ascertain whether inclusion criteria
were met. Following screening of titles and abstracts, we reviewed the full-text article to
make a final determination of study eligibility. Discrepancies in inclusion decisions between
reviewers were discussed in person to reach a consensus.

Data Abstraction and Study Quality

Data abstraction was completed independently by reviewers based on full-text articles to
ascertain study characteristics and information. Data abstracted included year of publication,
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location of study, characteristics of population (e.g., sampling frame, age ranges, diagnoses,
etc.), study design, sample size, main predictors, cognitive outcomes, confounders
measured, and main findings. In addition to extracting these data, we also assessed study
quality using the Newcastle-Ottawa Scale for observational studies [37]. The Newcastle-
Ottawa Scale utilizes a star rating system to evaluate studies on three broad domains: 1)
selection of study groups, 2) comparability of study groups, and 3) ascertainment of
exposure of interest (for case-control studies) or outcome of interest (for cohort studies). We
also used a modified version of the Newcastle-Ottawa scale for cross-sectional studies that
has been used in a previous study [38]. Studies were considered to be of good quality if they
received a rating of 7 or more stars, a threshold which has been used previously [39]. Any
discrepancies in data abstraction and study quality assessment were discussed among the
two reviewers to obtain consensus.

Description of Included Studies

In total, we retrieved 758 articles in PubMed and an additional 82 from EMBASE,
ultimately yielding five eligible studies [40-44]. Figure 1 depicts a flow diagram of
inclusion/exclusion decisions for study selection. A total of five observational studies were
included in this review: 3 cohort studies [42, 41, 43], 1 case-control study [44], and 1 cross-
sectional study [40] (Table 1). Three of the studies were in international settings, including
United Kingdom [44], Japan [40], and Taiwan [43], and two were from the United States
[42, 41]. The mean age of participants in the studies ranged from 71.6 to 82.6 years. Almost
all studies used administrative data (e.g., claims, data from medical records, etc.) and had
large sample sizes (N > 6,700 individuals) with the exception of a study by Hosoya et al.
which included data from patients seen in a clinic setting with a smaller sample size (N =
269) [40].

Medications Examined in Studies

Among included studies, three studies evaluated zolpidem specifically [42, 41, 43]. Two
other studies evaluated nBH use more broadly, without examining the specific agents
individually [40, 44]. Characteristics of nBH use examined included new-onset use (e.g.,
first mention of an nBH in the medical record) and prevalent use, and one study examined
nBH dosage as defined by “defined daily dose” (DDD).

Cognitive Outcomes Evaluated

The main cognitive outcomes examined were diagnosis of dementia [42, 44], MCI [41], and
delirium [40]. One study evaluated dementia diagnosis more broadly [44], and two studies
evaluated Alzheimer’s disease specifically [42, 43]. One study evaluated delirium among
patients hospitalized for stroke [40]. An additional study evaluated mild cognitive
impairment [MCI], focusing on how zolpidem might modify the association between sleep
disturbance and MCI [41]. Importantly, none of the studies examined change in cognitive
performance on specific cognitive tests or in specific cognitive domains as measured by
multiple cognitive tests.

Curr Sleep Med Rep. Author manuscript; available in PMC 2021 March 01.
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Confounders Assessed

The confounders assessed among the studies varied. Richardson et al. [44] and Cheng et al.
[43] both assessed a large range of covariates, including various health conditions such as
diabetes, cardiovascular conditions (e.g., hypertension, heart failure, myocardial infarction),
and psychiatric diagnoses (e.g., anxiety, depression). Of note, they both measured insomnia
or sleep problems. They both also measured medication use, notably antidepressants, with
Cheng et al. including several other medication classes such as antihypertensive medications
and anticoagulants. The studies by Burke et al. [42, 41] evaluated sleep disturbance and
APOE e4 carrier status with a focus on how sleep medications (e.g., zolpidem) might
moderate the hazard of MCI and Alzheimer’s disease. These studies also included
demographic characteristics. The study by Hosoya et al. did not appear to adjust for any
covariates [40].

Summary of Findings

For the most part, almost all included studies found either no or small associations between
nBH use and cognitive outcomes. Richardson et al. found a small association between nBH
exposure and incidence of dementia in bivariate analyses, but this was no longer statistically
significant after adjusting for confounders [44]. The Burke et al. studies found that zolpidem
use modifies the association between sleep disturbance and MCI and probable Alzheimer’s
disease such that there was no association between sleep disturbance and these outcomes for
those using zolpidem whereas there was a positive association for those not using zolpidem
[42, 41]. While the Cheng et al. study found no association with zolpidem use overall and
Alzheimer’s disease diagnosis, they found that zolpidem use at higher cumulative DDD
yielded a nearly three times greater risk of developing Alzheimer’s disease as compared to
those who were non-users [43].

Study Quality

Most studies were of high-quality, as per evaluation with the Newcastle-Ottawa Scale. The
case-control study by Richardson et al. included in this review received a rating of 8 stars, as
did the cohort study by Cheng et al. [43, 44] The other cohort studies by Burke et al. each
received a star rating of 7 stars [41, 42]. The cross-sectional study by Hosoya et al. received
a star rating of 3 stars [40]. More detail about study quality is outlined in Table 2.

DISCUSSION

This study is among the first systematic reviews to examine the association between use of
nBHSs and cognitive outcomes. Overall, the five studies included in our review [42, 41, 43,
40, 44] found little evidence for an association between use of nBHs and development of
dementia/MCI. There appeared to be some evidence for higher doses of nBHs to be
associated with dementia incidence, but this notion was only assessed in the Cheng et al.
study [43]. The studies examined were either cohort, case-control, or cross-sectional studies,
tending to use administrative data (e.g., claims or data from medical records, etc.) and had
relatively large sample sizes. Overall, the quality of studies was strong.

Curr Sleep Med Rep. Author manuscript; available in PMC 2021 March 01.
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Of note, only five studies met our eligibility requirements. Through the process of screening
studies, a number of studies examined nBHs but reported results combined with other
sedative-hypnotic medications such as BZDs, rather than reporting nBHs separately [45-48].
As BZDs were introduced earlier in the 1950s, the prevalence of BZD use is much higher
than nBHs [36, 35, 34], and one reason for fewer studies for nBHs may be due to
insufficient sample sizes for nBH users. It will be important that as the use of nBHSs in the
population continues to grow, more studies will examine the association between nBH use
and cognitive outcomes.

For the most part, the studies examined did not find an association between use of nBHs and
ADRD diagnosis, although one found an association with higher doses. While it is possible
that nBHs have few adverse effects on cognition, it is also possible that it is the way nBHs
are used rather than simply starting use, that put patients at risk for adverse cognitive
outcomes. For example, the majority of the studies in our review focused on new onset use
of nBHs, which may have not considered specific use patterns such as long-term use. There
is evidence suggesting that long-term use of nBHs is common and a growing problem
particularly in the US [36, 35]. As the Cheng et al. study shows, higher cumulative doses of
zolpidem were associated with greater risk of ADRD [43], and therefore there is reason to
believe that examining longer use of nBHs may identify higher risks for adverse cognitive
outcomes. The possibility of reverse causation must also be considered when examining this
literature given that insomnia is common in early Alzheimer’s disease (e.g. from irregular
sleep wake disorder). For example, Alzheimer’s disease may drive insomnia increasing
hypnotic requirement rather than toxicity of the hypnotics per se. Thus, we emphasize the
need for mechanistic research before drawing definitive conclusions.

There appeared to be some critical gaps in the literature reviewed in this study. First, all
studies assessed a diagnosis for a cognitive disorder as the outcome, and did not assess
biological cognitive outcomes including markers of ADRD (e.g., beta-amyloid burden) and
data from brain imaging. Second, the most common nBH medication studied was zolpidem,
and there were few studies examining outcomes from other nBHSs such as zaleplon and
eszopiclone. Third, studies did not include measures of cognitive performance and various
domains of cognition (e.g., memory, visual-spatial ability, executive functioning, etc.). It
may be important to identify whether nBH use is associated with pre-clinical or
subsyndromal symptoms that may not rise to the level of a dementia diagnosis, but could
indicate cognitive impairment. Finally, only two studies came from the United States but
these studies used the same dataset (National Alzheimer’s Coordinating Center Uniform
Dataset). The remaining studies came from other countries. Given that the US may have
unique patterns of healthcare utilization as compared to other countries, it may be important
for more research into nBH use with cognitive outcomes in the US.

The quality and methodological design of existing studies was high overall. However, it is
important to note that two of the studies evaluated how sleep medications (e.g., zolpidem)
moderate the hazard of sleep disturbance on development of MCI or Alzheimer’s disease,
rather than directly evaluating the association between zolpidem and cognitive outcomes. It
will be important for additional well-designed observational studies to be conducted
evaluating the association between nBH use and cognitive outcomes.

Curr Sleep Med Rep. Author manuscript; available in PMC 2021 March 01.
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CONCLUSIONS

Past studies have examined the association between BZD use and cognitive outcomes,
although there are fewer studies examining these associations for nBH use. We
systematically reviewed the literature on nBH use and cognitive outcomes. While reviewed
studies for the most part showed nBH use to not be associated with diagnosis of dementia, it
will be important that future studies a) examine duration and quantity of nBH use, and b) use
other measures of brain health, including neuroimaging and performance on individual
cognitive tests. Because there is evidence of medical use patterns of nBHs contrary to
clinical recommendations (e.g., long-term use), it is important that further delineating this
potential association be done for the purpose of promoting successful aging for those with
sleep disturbance.

Acknowledgements:

This study was supported by funding from the NIA (CNK: KO1AG061239; MWB: R01AG049810; AAM:
P30AG059299, P30AG062429). Dr. Bondi receives royalties from Oxford University Press and serves as a
consultant for Eisai and Novartis Pharmaceutical companies. Dr. Murphy reports personal fees from Boston
Consulting Group. Dr. Malhotra is Pl on NHLBI grants and has received consulting income from Merck related to
medical education. ResMed provided a philanthropic donation to UC San Diego in support of a sleep center.

References

1. Brandt J, Leong C. Benzodiazepines and Z-Drugs: An Updated Review of Major Adverse Outcomes
Reported on in Epidemiologic Research. Drugs R D. 2017 12;17(4):493-507. Epub 2017 Sep 1
doi:10.1007/s40268-017-0207-7.; 2017. [PubMed: 28865038]

2. Lader M Benzodiazepines revisited--will we ever learn? Addiction. 2011;106(12):2086-109.
doi:10.1111/j.1360-0443.2011.03563.x. [PubMed: 21714826]

3. Mendelson WB. The use of sedative/hypnotic medication and its correlation with falling down in the
hospital. Sleep. 1996;19(9):698-701. [PubMed: 9122555]

4. Rossat A, Fantino B, Bongue B, Colvez A, Nitenberg C, Annweiler C et al. Association between
benzodiazepines and recurrent falls: a cross-sectional elderly population-based study. J Nutr Health
Aging. 2011;15(1):72—-7. [PubMed: 21267523]

5. Herings RM, Stricker BH, de Boer A, Bakker A, Sturmans F. Benzodiazepines and the risk of
falling leading to femur fractures. Dosage more important than elimination half-life. Arch Intern
Med. 1995;155(16):1801-7. [PubMed: 7654115]

6. Ray WA, Griffin MR, Schaffner W, Baugh DK, Melton LJ 3rd. Psychotropic drug use and the risk of
hip fracture. N Engl J Med. 1987;316(7):363-9. doi:10.1056/NEJM198702123160702. [PubMed:
2880292]

7. Gray SL, LaCroix AZ, Blough D, Wagner EH, Koepsell TD, Buchner D. Is the use of
benzodiazepines associated with incident disability? J Am Geriatr Soc. 2002;50(6):1012-8.
d0i:10.1046/j.1532-5415.2002.50254.x. [PubMed: 12110059]

8. Gray SL, LaCroix AZ, Hanlon JT, Penninx BW, Blough DK, Leveille SG et al. Benzodiazepine use
and physical disability in community-dwelling older adults. J Am Geriatr Soc. 2006;54(2):224-30.
d0i:10.1111/j.1532-5415.2005.00571.x. [PubMed: 16460372]

9. Peron EP, Gray SL, Hanlon JT. Medication use and functional status decline in older adults: a
narrative review. Am J Geriatr Pharmacother. 2011;9(6):378-91. doi:10.1016/
j.amjopharm.2011.10.002. [PubMed: 22057096]

10. By the American Geriatrics Society Beers Criteria Update Expert P. American Geriatrics Society
2019 Updated AGS Beers Criteria(R) for Potentially Inappropriate Medication Use in Older
Adults. J Am Geriatr Soc. 2019;67(4):674-94. doi:10.1111/jgs.15767. [PubMed: 30693946]

11. Qaseem A, Kansagara D, Forciea MA, Cooke M, Denberg TD, Clinical Guidelines Committee of
the American College of P. Management of Chronic Insomnia Disorder in Adults: A Clinical

Curr Sleep Med Rep. Author manuscript; available in PMC 2021 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kaufmann et al.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Page 8

Practice Guideline From the American College of Physicians. Ann Intern Med. 2016;165(2):125—
33.doi:10.7326/M15-2175. [PubMed: 27136449]

O’Mahony D, O’Sullivan D, Byrne S, O’Connor MN, Ryan C, Gallagher P. STOPP/START
criteria for potentially inappropriate prescribing in older people: version 2. Age Ageing.
2015;44(2):213-8. doi:10.1093/ageing/aful45. [PubMed: 25324330]

Food and Drug Administration. FDA adds Boxed Warning for risk of serious injuries caused by
sleepwalking with certain prescription insomnia medicines. 2019 https://www.fda.gov/drugs/drug-
safety-and-availability/fda-adds-boxed-warning-risk-serious-injuries-caused-sleepwalking-certain-
prescription-insomnia. Accessed November 8 2019.

Barker MJ, Greenwood KM, Jackson M, Crowe SF. Cognitive effects of long-term benzodiazepine
use: a meta-analysis. CNS Drugs. 2004;18(1):37-48. d0i:10.2165/00023210-200418010-00004.
[PubMed: 14731058]

Buffett-Jerrott SE, Stewart SH. Cognitive and sedative effects of benzodiazepine use. Curr Pharm
Des. 2002;8(1):45-58. d0i:10.2174/1381612023396654. [PubMed: 11812249]

Campagne DM. Fact: antidepressants and anxiolytics are not safe during pregnancy. Eur J Obstet
Gynecol Reprod Biol. 2007;135(2):145-8. doi:10.1016/j.ejogrb.2007.06.010. [PubMed:
17662516]

Rummans TA, Davis LJ Jr., Morse RM, lvnik RJ. Learning and memory impairment in older,
detoxified, benzodiazepine-dependent patients. Mayo Clin Proc. 1993;68(8):731-7. doi:10.1016/
s0025-6196(12)60628-4. [PubMed: 8331973]

Barbui C, Gastaldon C, Cipriani A. Benzodiazepines and risk of dementia: true association or
reverse causation? Epidemiol Psychiatr Sci. 2013;22(4):307-8. doi:10.1017/S2045796013000358.
[PubMed: 23823009]

Billioti de Gage S, Begaud B, Bazin F, Verdoux H, Dartigues JF, Peres K et al. Benzodiazepine use
and risk of dementia: prospective population based study. BMJ. 2012;345:e6231. doi:10.1136/
bmj.e6231. [PubMed: 23045258]

Billioti de Gage S, Moride Y, Ducruet T, Kurth T, Verdoux H, Tournier M et al. Benzodiazepine
use and risk of Alzheimer’s disease: case-control study. BMJ. 2014;349:95205. doi:10.1136/
bmj.g5205. [PubMed: 25208536]

Billioti de Gage S, Pariente A, Begaud B. Is there really a link between benzodiazepine use and the
risk of dementia? Expert Opin Drug Saf. 2015;14(5):733-47.
doi:10.1517/14740338.2015.1014796. [PubMed: 25691075]

Gray SL, Dublin S, Yu O, Walker R, Anderson M, Hubbard RA et al. Benzodiazepine use and risk
of incident dementia or cognitive decline: prospective population based study. BMJ. 2016;352:i90.
doi:10.1136/bmj.i90. [PubMed: 26837813]

Lagnaoui R, Begaud B, Moore N, Chaslerie A, Fourrier A, Letenneur L et al. Benzodiazepine use
and risk of dementia: a nested case-control study. J Clin Epidemiol. 2002;55(3):314-8. [PubMed:
11864804]

Pariente A, de Gage SB, Moore N, Begaud B. The Benzodiazepine-Dementia Disorders Link:
Current State of Knowledge. CNS Drugs. 2016;30(1):1-7. d0i:10.1007/s40263-015-0305-4.
[PubMed: 26715389]

Verdoux H, Lagnaoui R, Begaud B. Is benzodiazepine use a risk factor for cognitive decline and
dementia? A literature review of epidemiological studies. Psychol Med. 2005;35(3):307-15.
doi:10.1017/s0033291704003897. [PubMed: 15841867]

Wu CS, Wang SC, Chang IS, Lin KM. The association between dementia and long-term use of
benzodiazepine in the elderly: nested case-control study using claims data. Am J Geriatr
Psychiatry. 2009;17(7):614-20. doi:10.1097/JGP.0b013e3181a65210. [PubMed: 19546656]
Golombok S, Moodley P, Lader M. Cognitive impairment in long-term benzodiazepine users.
Psychol Med. 1988;18(2):365-74. doi:10.1017/s0033291700007911. [PubMed: 2899898]
Paterniti S, Dufouil C, Alperovitch A. Long-term benzodiazepine use and cognitive decline in the
elderly: the Epidemiology of Vascular Aging Study. J Clin Psychopharmacol. 2002;22(3):285-93.
doi:10.1097/00004714-200206000-00009. [PubMed: 12006899]

Curr Sleep Med Rep. Author manuscript; available in PMC 2021 March 01.


https://www.fda.gov/drugs/drug-safety-and-availability/fda-adds-boxed-warning-risk-serious-injuries-caused-sleepwalking-certain-prescription-insomnia
https://www.fda.gov/drugs/drug-safety-and-availability/fda-adds-boxed-warning-risk-serious-injuries-caused-sleepwalking-certain-prescription-insomnia
https://www.fda.gov/drugs/drug-safety-and-availability/fda-adds-boxed-warning-risk-serious-injuries-caused-sleepwalking-certain-prescription-insomnia

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kaufmann et al.

Page 9

29. Sakol MS, Power KG. The effects of long-term benzodiazepine treatment and graded withdrawal
on psychometric performance. Psychopharmacology (Berl). 1988;95(1):135-8. d0i:10.1007/
bf00212782. [PubMed: 3133693]

30. Tata PR, Rollings J, Collins M, Pickering A, Jacobson RR. Lack of cognitive recovery following
withdrawal from long-term benzodiazepine use. Psychol Med. 1994;24(1):203-13. doi:10.1017/
$0033291700026969. [PubMed: 8208885]

31. Hindmarch I, Legangneux E, Stanley N, Emegbo S, Dawson J. A double-blind, placebo-controlled
investigation of the residual psychomotor and cognitive effects of zolpidem-MR in healthy elderly
volunteers. Br J Clin Pharmacol. 2006;62(5):538-45. doi:10.1111/j.1365-2125.2006.02705.x.
[PubMed: 17061961]

32. Li Pi Shan RS, Ashworth NL. Comparison of lorazepam and zopiclone for insomnia in patients
with stroke and brain injury: a randomized, crossover, double-blinded trial. Am J Phys Med
Rehabil. 2004;83(6):421-7. doi:10.1097/00002060-200406000-00003. [PubMed: 15166685]

33. Fairweather DB, Kerr JS, Hindmarch 1. The effects of acute and repeated doses of zolpidem on
subjective sleep, psychomotor performance and cognitive function in elderly volunteers. Eur J Clin
Pharmacol. 1992;43(6):597-601. doi:10.1007/bf02284957. [PubMed: 1493840]

34. Kaufmann CN, Spira AP, Alexander GC, Rutkow L, Mojtabai R. Trends in prescribing of sedative-
hypnotic medications in the USA: 1993-2010. Pharmacoepidemiol Drug Saf. 2016;25(6):637-45.
doi:10.1002/pds.3951. [PubMed: 26711081]

35. Kaufmann CN, Spira AP, Depp CA, Mojtabai R. Continuing Versus New Prescriptions for
Sedative-Hypnotic Medications: United States, 2005-2012. Am J Public Health. 2016;
106(11):2019-25. doi:10.2105/AJPH.2016.303382. [PubMed: 27631754]

36. Kaufmann CN, Spira AP, Depp CA, Mojtabai R. Long-Term Use of Benzodiazepines and
Nonbenzodiazepine Hypnotics, 1999-2014. Psychiatr Serv. 2018;69(2):235-8. d0i:10.1176/
appi.ps.201700095. [PubMed: 29089011]

37. Wells G, Shea B, O’connell D, Peterson J, Welch V, Losos M et al. The Newcastle-Ottawa Scale
(NOS) for assessing the quality of nonrandomised studies in meta-analyses. Ottawa: Ottawa
Hospital Research Institute 2014.

38. Modesti PA, Reboldi G, Cappuccio FP, Agyemang C, Remuzzi G, Rapi S et al. Panethnic
Differences in Blood Pressure in Europe: A Systematic Review and Meta-Analysis. PL0oS One.
2016;11(1):e0147601. doi:10.1371/journal.pone.0147601. [PubMed: 26808317]

39. Islam MM, Igbal U, Walther B, Atique S, Dubey NK, Nguyen PA et al. Benzodiazepine Use and
Risk of Dementia in the Elderly Population: A Systematic Review and Meta-Analysis.
Neuroepidemiology. 2016;47(3-4): 181-91. doi:10.1159/000454881. [PubMed: 28013304]

40. Hosoya R, Sato Y, Ishida E, Shibamoto H, Hino S, Yokote H et al. Association between Delirium
and Prehospitalization Medication in Poststroke Patients. J Stroke Cerebrovasc Dis. 2018;27(7):
1914-20. doi:10.1016/j.jstrokecerebrovasdis.2018.02.038. [PubMed: 29602617]

*41. Burke SL, Hu T, Spadola CE, Li T, Naseh M, Burgess A et al. Mild cognitive impairment:
associations with sleep disturbance, apolipoprotein e4, and sleep medications. Sleep Med.
2018;52:168-76. d0i:10.1016/j.sleep.2018.09.001. [PubMed: 30359892] Study uses a well
established ADRD dataset to examine sleep disturbance and MCI stratified by nBH use. This was
the only study found in our systematic review examining MCI.

42. Burke SL, Hu T, Spadola CE, Burgess A, Li T, Cadet T. Treatment of Sleep Disturbance May
Reduce the Risk of Future Probable Alzheimer’s Disease. J Aging Health. 2019;31(2):322-42.
doi:10.1177/0898264318795567. [PubMed: 30160576]

**43. Cheng HT, Lin FJ, Erickson SR, Hong JL, Wu CH. The Association Between the Use of
Zolpidem and the Risk of Alzheimer’s Disease Among Older People. J Am Geriatr Soc.
2017;65(11):2488-95. doi:10.1111/jgs.15018. [PubMed: 28884784] This study used a large
adminisrative dataset to examine specially zolpidem use and ADRD risk. Apears to be the only
large obsevational study examining specifically zolpidem as a risk factor.

44. Richardson K, Mattishent K, Loke YK, Steel N, Fox C, Grossi CM et al. History of
Benzodiazepine Prescriptions and Risk of Dementia: Possible Bias Due to Prevalent Users and
Covariate Measurement Timing in a Nested Case-Control Study. Am J Epidemiol.
2019;188(7):1228-36. doi:10.1093/aje/kwz073. [PubMed: 31111865]

Curr Sleep Med Rep. Author manuscript; available in PMC 2021 March 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Kaufmann et al.

45.

46.

47.

48.

Page 10

Chang MC, Chun MH. The Effect of Hypnotics on Sleep Quality and Cognitive Function in
Patients with Brain Tumors. J Korean Neurosurg Soc. 2019. doi:10.3340/jkns.2019.0057.

Basta M, Simos P, Vgontzas A, Koutentaki E, Tziraki S, Zaganas | et al. Associations between
sleep duration and cognitive impairment in mild cognitive impairment. J Sleep Res. 2019:e12864.
doi:10.1111/jsr.12864. [PubMed: 31006940]

Lee J, Jung SJ, Choi JW, Shin A, Lee YJ. Use of sedative-hypnotics and the risk of Alzheimer’s
dementia: A retrospective cohort study. PLoS One. 2018;13(9):0204413. doi:10.1371/
journal.pone.0204413. [PubMed: 30248129]

Puustinen J, Nurminen J, Kukola M, Vahlberg T, Laine K, Kivela SL. Associations between use of
benzodiazepines or related drugs and health, physical abilities and cognitive function: a non-
randomised clinical study in the elderly. Drugs Aging. 2007;24(12):1045-59.
d0i:10.2165/00002512-200724120-00007. [PubMed: 18020536]

Curr Sleep Med Rep. Author manuscript; available in PMC 2021 March 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Kaufmann et al.

Page 11

PubMed
searched through September 15,2019

758 Citations

EMBASE

82 Citations

searched through September 15, 2019

840 Non-Duplicate

Titles Screened

256 Abstracts Screened

v

584 Titles Excluded

93 Full Texts Reviewed

A J

v

163 Abstracts Excluded

A 4

5 Articles Included in
Review

Figurel.
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Table 1.
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Article,
Country

Population

Study
Design

Sample Size

Main
Predictors

Cognitive
Outcome

Confounders
M easured

Main
Findings

Study
Quality

Rating

Richardson
etal.
(2019),
United
Kingdom

Patients
seen in
general
practice,
mean age
82.6+6.8
years

Nested case-
control study

N=324,703

« Cases with
dementia =
40,770

« Controls =
283,933

Drug-exposure
period 1 year
after
up-to-standard
data recorded
(and up to 20
years before
index date), and
ending 4 years
prior to index
date

Number of
DDDs
prescribed for
nBHs

Incidence
of dementia

Health conditions:
Diabetes,
cardiovascular
conditions, urinary
incontinence,
Parkinson's disease,
depression,
anxiety, insomnia/
sleep problems,
pain

Medications: SSRI,
TCA, antipsychotic
Health status and
history: Smoking,
BMI, alcohol use,
fall history

No association
between use
of nBHs and
dementia
incidence
While small
association
seen in
bivariate
analyses,
adjusting for
confounders
removed
association

Burke et
al. (2018),
United
States

Participants
of
Alzheimer’s
Disease
Research
Centers,
mean age
7162 +
9.97 years

Retrospective
cohort study

N=6,798 with
normal
cognition at
baseline

Sleep
disturbance (as
measured by
Neuropsychiatric
Inventory
Questionnaire)
Zolpidem used
in past two
weeks (self-
report)

Onset of
MCI

Sleep disturbance,
APOE e4 carrier
status
Demographic
characteristics: age,
Sex,

race/ethnicity,
education level

Hazard of
MCI higher
for those with
sleep
disturbance
(unadjusted
HR=1.36,
95%
Cl=1.11-1.67;
adjusted
HR=1.39,
95%
CI=1.13-1.72)
Among those
using
zolpidem,
there was no
association
between sleep
disturbance
and MCI
(unadjusted
HR=1.14,
95%
CI=0.60-2.17;
adjusted
HR=1.06,
95%
C1=0.55-2.04).
Among

those not
using
zolpidem,
there was an
association
between sleep
disturbance
and MCI
(unadjusted
HR=1.40,
95%
ClI=1.13-1.74;
adjusted
HR=1.45,
95%
Cl=1.16-1.81)

Burke et

al. (2019),

Participants
of

Retrospective
cohort study

N=6,782

Zolpidem used
in past two

First
diagnosis of

Sleep disturbance,
APOE e4 carrier
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Article, Population Study Sample Size Main Cognitive Confounders Main Study
Country Design Predictors Outcome Measured Findings Quality
Star
Rating
United Alzheimer’s weeks (self- probable status zolpidem,
States Disease report) Alzheimer’s | Demographic there was a
Research disease characteristics: age, | significant
Centers, Sex, association
mean age race/ethnicity, with
71.60 £ education level development
9.97 years of probable
AD
(HR=3.56 ,
95%
CI=1.02,
12.46), but
statistical
significance
was lost after
adjusting
for
confounders
Among those
not using
zolpidem,
there was
a significant
association
with
development
of probable
AD
(HR=1.69,
95%
Cl=1.11, 2.58)
Hosoya et Patients Cross- N=269 Use of Presence of | Did not adjust for Prior use of 3
al. (2018), hospitalized | sectional * With antianxiety delirium covariates nBHSs not
Japan in stroke study delirium=97 agents and sleep- | (score of 24 | Conducted associated
care unit « Without aids (from on Intensive | multivariate with having
delirium=172 medical record) Care analysis to evaluate | delirium
Delirium importance of (p=0.7265)
Screening factors on delirium
Checklist) onset (e.g.,
clinicodemographic
information,
medical
information, and
classification of
medications that
were significant in
univariate analysis)
Cheng et Patients Retrospective | N=6,922 Use of zolpidem | First Demographics: Zolpidem use 8
al. (2017), aged cohort study * Zolpidem Zolpidem diagnosis of | age, sex was not
Taiwan 65+years users=3,4 61 cumulative DDD | Alzheimer’s | Health associated
* Propensity (<28, 28-90, disease conditions: with
score matched | 91-180, 180+) diabetes, Alzheimer’s
controls=3,461 cardiovascular disease
conditions, However,
depression, anxiety, | zolpidem
sleep disorder, users with
psychotic-related high
disorder, alcohol cumulative
related disorder, DDD (>180
Parkinson’s cDDD)
disease, head injury | strongly
Medications: associated
antihypertensives, with
anti-diabetic Alzheimer’s
agents, disease
anticoagulants, (reference
anti- non-users:
hyperlipidemia, HR=2.97,
antidepressants, 95%
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Article, Population Study Sample Size Main Cognitive Confounders Main Study
Country Design Predictors Outcome Measured Findings Quality
Star
Rating
benzodiazepines, Cl=1.61-5.49;
anti-Parkinson, reference
antipsychotics those with <28
Physician visits: cDDD:
total outpatient and HR=4.18,
emergency Visits 95%
for neurology and Cl=1.77-9.86)

psychiatry clinics
in pre-index
period

Notes: nBH = non-benzodiazepine hypnotics, MCI = Mild Cognitive Impairment; DDD = Defined Daily Dose; SSRI = selective serotonin reuptake
inhibitor; TCA = tricyclic antidepressant; APOE = apolipoprotein E
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Table 2.

Study Quality Assessment (Newcastle-Ottawa Scale)
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Cohort Studies

Selection

Compar ability

Outcome

Study

Representativeness
of the exposed
cohort

Selection of the
non-exposed
cohort

Ascertainment
of exposure

Demonstration
that outcome
of interest was
not present at
start of study

Compar ability
of cohortson
the basis of
the design or
analysis

Assessment of
outcome

Was follow-
up long
enough up of
for outcomes
to occur

Adeguacy
of follow
up of
cohorts

Burke
(2019)

Selected group of
users (volunteers)

* Drawn from same
community as the
exposed cohort

* Structured
interview

* Yes

* Study
controls for
sleep
disturbance

* Study
controls for
any additional
factor

* Independent
blind
assessment

* Yes

No
statement

Burke
(2018)

Selected group of
users (volunteers)

* Drawn from same
community as the
exposed cohort

* Structured
interview

* Yes

* Study
controls for
sleep
disturbance

* Study
controls for
any additional
factor

* Independent
blind
assessment

* Yes

No
statement

Cheng
(2017)

* Truly
representative of the
average population

* Drawn from same
community as the
exposed cohort

* Secure record

*Yes

* Study
controls for
sleep
disturbance

* Study
controls for
any additional
factor

* Record
linkage

* Yes

No
statement

Case-Control Studies

Selection

Compar ability

Exposure

Study

I's case definition
adequate?

Representativeness
of cases

Selection of
controls

Definition of
controls

Compar ability
of casesand
controlson
basis of design
or analysis

Ascertainment
of exposure

Same
ascertainment
for casesand
controls

Non-
response
rate

Richardson
(2019)

Yes
Record linkage

* Consecutive or
obviously
representative

* Community

* No history of
disease

* Study
controls for
sleep
disturbance
* Study
controls any
additional
factor

* Secure record

* Yes

* Same
rate for
both

groups

Cross-Sectional Studies

Selection

Compar ability

Outcome

Study

Representativeness
of thesample

Samplesize

Non-
respondents

Ascertainment
of exposure

Control of
confounding
factors

Assessment of
outcome

Statistical test

Hosoya
(2018)

Selected group of
users

Non-justified

N/A

Non-validated

Does not
control

** Independent
blind
assessment

* Described,
appropriate

Note: Newcastle-Ottawa Scale evaluates studies on: 1) selection of study groups, 2) comparability of study groups, and 3) ascertainment of

exposure (for case-control studies) or outcome (for cohort studies). Assessment of cross-sectional studies came from a modified version from a

previous study [38]. Good study quality threshold set at 7 stars.
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