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Abstract Various adverse events resulting from, or asso-

ciated with, benzodiazepine and/or Z-drug use have been

extensively reported on and discussed in great detail within

the biomedical literature. It is widely accepted that motor

vehicle accidents and falls leading to fractures in older

adults are major adverse events that have been shown to

occur more frequently in users of sedative-hypnotic med-

ication, especially of the benzodiazepine and related

Z-drug variety. However, the last few years have seen

increasing reports in the literature raising the issue of

benzodiazepine and Z-drug exposure in the development of

other serious medical issues including dementia, infections,

respiratory disease exacerbation, pancreatitis, and cancer.

This article provides an overview and interpretation on the

current state of evidence regarding each of these associa-

tions and proposes what gaps in the evidence for drug-

exposure–harm associations need to be addressed in the

future for the purpose of evaluating causality of harm as it

relates to these drugs.

Key Points

There is sufficient, converging evidence from

epidemiologic and experimental studies to establish

a strong causal connection between benzodiazepine/

Z-drug use to motor vehicle accidents, falls and

fractures as a consequence of psycho-motor

impairment.

A strong causal connection between benzodiazepine/

Z-drug use and the other reviewed harm associations

(i.e., dementia, infections, cancer etc.) cannot be

soundly concluded at this time due to insufficient and

conflicting evidence from both epidemiologic and

experimental studies.

As doubt and controversy persists regarding many of

these adverse harm associations, further research is

required to reconcile the evidence base for the sake

of optimizing medication safety in the population.

1 Introduction

Benzodiazepines are prescription sedative-hypnotic medi-

cations that have been used for decades in the treatment of

anxiety, epilepsy, insomnia, and other conditions [1].

Zopiclone, eszopiclone, zaleplon and zolpidem are the ‘Z-

drugs’; introduced into the market in the 1990s, they have

only been approved for insomnia. Though these medica-

tions are widely recognized as being effective, like any

class of drugs, they are not without potential harms. This
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review serves as a comprehensive summary of the avail-

able literature on major adverse events associated with

benzodiazepine and Z-drug use. Discussions of pharma-

cology and other clinical topics relating to these drugs will

not be taken up here. Over the past few years, literature has

emerged raising a tentative link between benzodiazepine

and/or Z-drug exposure with adverse outcomes such as

respiratory disease exacerbation, infections, dementia,

pancreatitis, and cancer. To our knowledge, this will be the

first review of its kind that summarizes the available lit-

erature on each of these outcomes for these drug classes.

For the sake of completeness, harms proposed/identified

much earlier in the literature such as motor vehicle acci-

dents, falls leading to fracture, and drug overdose will be

reviewed as well.

2 Methodology

In this narrative, non-systematic review, a repeated search

strategy involving the terms ‘benzodiazepine’ OR ‘Z-drug’

(and individual drugs) in conjunction with combinations of

the terms ‘traffic’, ‘vehicle’, ‘falls’, ‘fractures’, ‘dementia’,

‘Alzheimer’s’, ‘infections’, ‘cancer’, ‘carcinogenic’,

‘pneumonia’, ‘mortality’, ‘overdose’, ‘COPD’, ‘respira-

tory’, and ‘pancreatitis’ to the databases of PubMed,

SCOPUS, and EMBASE. English language references

were selectively retrieved with this search strategy and also

yielded additional citations of interest in the bibliography

sections. When necessary, authoritative organizational

reports and related data sources were used. Articles

reported on are preferentially systematic reviews, meta-

analyses, narrative reviews, and single studies (experi-

mental, observational or randomized controlled trial)

deemed of significant value for the review where compi-

lation-level evidence (i.e., meta-analyses and systematic

reviews) was unavailable. There was no restriction on the

date range of references collected, though newer literature

from 2000 to 2017 (134/143 references used herein) was

preferentially selected when it was deemed to be repre-

sentative of the current state of research.

3 Motor Vehicle Accidents

According to the World Health Organization, road injury

was the ninth leading cause of death globally between

2002–2012 [2].The prevalence of prescription-drug–posi-

tive fatal motor vehicle accidents has increased by an

estimated 49% in the US over the past 20 years, with

benzodiazepines in particular more than doubling their rate

of involvement in such accidents [3]. In Canada, 11.2% of

drivers killed in vehicle accidents between 2000 and 2010

tested positive for sedative-hypnotic prescription drugs

post-mortem [4]. For the past decades, benzodiazepines

and Z-drugs have been the focus of much public safety

research, both epidemiological and experimental, on motor

vehicle driving performance and outcomes.

3.1 Pharmacological Basis and Experimental

Studies

Experimental studies have involved administration of a

sedative-hypnotic medication to individuals prior to a

measured test of driving performance, be it simulated or in

an actual vehicle. Though experimental study designs may

differ, many studies have utilized a common, validated

measure of safe driving performance called the standard-

ized deviation of lateral position (SDLP); an index of

maintaining vehicle positioning while driving on a stretch

of road (usually straight) at a constant speed [5]. A 2009

meta-analysis by Rapoport et al. carefully selected five on-

road experimental studies of similar methodology to

determine differences in SDLP between benzodiazepine

users and controls with a reported pooled estimate of

standardized mean difference (SMD) between groups of

0.80 (p = 0.0004) at a B5-mg dose equivalent of diazepam

[6]. The SMD further increased to 3.07 standard deviations

at a C10-mg diazepam dose equivalent, thus implying a

dose-dependent loss of vehicle control in users compared

with controls [6]. Another meta-analysis of 14 randomized

controlled trials by Roth et al. in 2014 concluded that

driving performance diminished significantly with longer

half-life agents, higher doses, and when time between

single dosing and driving was reduced [7]. Furthermore,

based on some studies, blood plasma concentrations of

benzodiazepines in impaired drivers has been shown to

correlate, with some degree of reliability, with risk of

potential accidents [8, 9]. For instance, the presence of

benzodiazepine in blood samples from 818 drivers (159 not

impaired, 659 impaired) yielded an adjusted odds ratio for

determination of driving impairment of 1.60 for mildly

elevated concentrations and 3.75 for highly elevated con-

centrations [9].

Z-drugs in particular have also been the subject of

experimental studies, although less so than benzodi-

azepines. A pooled analysis of four studies on zopiclone’s

potential for residual sedation contributing to driving risk

demonstrated that impairment lasted for up to 11 hours

after dosing, was not significantly dependent on sex or age,

and was comparable in magnitude to a blood alcohol

concentration of up to 0.8 mg/L, which, in turn, corre-

sponds to at least twice the risk of motor-vehicle accidents

[10]. Perhaps because of this, zopiclone has been used as a

positive control for studies on other drugs in driving

because of its reliability in causing significant impairment
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[11]. Studies on zolpidem and zaleplon in healthy subjects

have not been shown to cause significant residual impair-

ment leading to traffic accident risk with early or middle-

of-the-night dosing [12–15]. Zolpidem has been shown to

cause significant changes in SDLP, standard deviation in

speed, and alertness in healthy drivers between the ages of

55–65 years [16]. A literature review by Gunja also ranks

zopiclone over the other Z-drugs in terms of potential for

residual impairment, but also places rightful emphasis on

safety concerns arising from sleep behaviors (including

sleep driving) reported more frequently in zolpidem users

[17]. A simplified, summative, evidence-based catego-

rization guide produced by the International Council on

Alcohol, Drugs and Traffic Safety (ICADTS) has ranked

various medications based on their potential for causing

impaired driving (I = presumed safe, II = minor to mod-

erate impairment, III = severe impairment), with 22 ben-

zodiazepines and zopiclone ranked at III and nine

benzodiazepines, zolpidem, and zaleplon ranked at II

[18, 19].

3.2 Epidemiologic Studies

Epidemiological studies examining real-world accident

outcomes, as opposed to experimental surrogate outcomes

(SDLP and others), are perhaps easier to place into relevant

context for clinicians and those in public health. Twenty-

five of 28 epidemiological studies examined in a review by

Gjerde et al. found positive associations between road

traffic accidents and benzodiazepine/Z-drugs [20]. Smink

et al., in a 2010 systematic review, examined 66 studies

published between 1960 and 2009 of varying methodolo-

gies [21]. However, interpretation of the studies was par-

tially hampered due to the extremely divergent study

designs, populations, exposure measurement methods, and

outcome measures assessed for the included studies.

Nonetheless, the authors concluded that risk is greatest

with higher dosages, longer half-life agents, and within the

first few weeks of drug initiation [21].

In terms of quantifying this association, the meta-anal-

ysis by Rapoport et al. also provided pooled odds ratio

estimates for case–control studies (n = 6) and cohort

studies (n = 3) on accident risk with benzodiazepine

exposure, reporting a 60% higher odds of accident in

benzodiazepine users [6]. Another 2011 meta-analysis by

Dassanayake et al. also included an assessment of benzo-

diazepine association with motor vehicle accidents via

three distinct pooled odds ratio estimates based on case–

control studies (n = 6, OR = 1.59), cohort studies (n = 3,

OR = 1.81), and accident culpability studies (n = 5,

OR = 1.41), all of which significantly indicated an asso-

ciation [22]. The last estimate, on accident culpability,

when considered in conjunction with the experimental

studies, strengthens the causal argument by showing that

those involved in vehicle accidents who consumed ben-

zodiazepine medication were *40% more likely to be at

fault than the other parties involved. The latest 2013 meta-

analysis by Elvik separated pooled risk estimates by out-

come (fatal, injury, or property damage) rather than by

study type for benzodiazepines [23]. For benzodiazepines,

after adjusting for publication bias, these estimates

remained significant for fatal accidents (n = 10,

OR = 2.30), injury accidents (n = 51, OR = 1.17), and

property damage (n = 4, OR = 1.35) [23].

The epidemiologic association made between Z-drugs

and motor vehicle accidents is less robust than with the

benzodiazepines yet is still significant enough to warrant

concern among clinicians, public health researchers, and

policy makers. Studies of differing methodologies and

sample populations have reported overall risk/odds ratios

ranging from a 38% increased risk/odds to over double the

risk/odds of traffic accidents in zolpidem users over non-

users [24–27]. Despite the compelling experimental evi-

dence for driving impairment, the epidemiological evi-

dence for zopiclone in vehicle accidents is less clear, as

some studies have found an association [28, 29] and others

have not [27]. An exhaustive 2016 systematic review of

epidemiologic studies on numerous medications and motor

vehicle collisions by Rudisill et al. found four of five

studies to be statistically significant for zolpidem and two

of six studies to be statistically significant for zopiclone

[30].

Although sedative-hypnotic drugs undoubtedly seem to

pose a hazard in driving safety, increased risk has been

tentatively identified in certain users or medication-related

behaviors, albeit with much uncertainty. Younger age

[22, 28] and new use of benzodiazepines [26] have been

reported as additional risk factors in users of these medi-

cations. A literature review on gender risk difference in

drugged driving has found that, with the exception of

zolpidem and flurazepam, no differences in impairment

have been noted between the sexes, but this has been

foremost due to a lack of study data differentiating the

magnitude of impairment between men and women [31].

An observational study finding suggests that drug impaired

driving, in some jurisdictions, may be primarily among a

younger population using these medications non-medically

with or without the concurrent use of illicit street drugs

[32]. This raises the question as to what proportion of

vehicle crashes associated with sedative-hypnotics is from

irresponsible or non-medical use as opposed to use as

prescribed. Driving and drug-taking behavior among

younger drivers is likely sufficiently different enough for

confounding to have played some role in these associa-

tions. Further to this, others have speculated that the

increased risk observed among younger drivers is partially
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owed to a combination of factors including reduced life

experience with these drugs leading to an underestimation

of impairment effect, higher doses routinely received, and a

relative absence of competing risk factors (poorer health

status etc.) making modest risk differences attributable to

benzodiazepines more easily detectible in comparison

[22, 33].

Despite the general consensus among the literature,

some other overall limitations warrant mention regarding

many of the epidemiological studies on this association.

Foremost, is confounding by indication, whereby sleep

deprivation increases accident risk independent of drug use

[34]. This is especially the case for studies defining expo-

sure by only receipt of prescription rather than toxicologic

confirmation of drug use or patient testimony. Furthermore,

many retrospective designs are incapable of reliably

establishing a sufficient causal context for each recorded

traffic accident in no small part due to biases (patient or

investigator) or lack of pertinent information relating to

driving incidents. For example, a particular traffic accident

may have taken place long after the cessation of a drug’s

sedative effect, making exposure purely coincidental but

nevertheless resulting in a false-positive accident captured

within study results.

3.3 Summary

There is an overwhelming degree of evidence, both

experimental and epidemiological, implicating benzodi-

azepines in particular, but Z-drugs as well, with fatal and

non-fatal motor vehicle accidents. Though some limitations

and discrepancies persist, both streams of evidence (ex-

perimental and epidemiological), when considered toge-

ther, support a strong causal argument for exposure of these

drugs resulting in motor vehicle accidents. It seems more

research is necessary to elucidate with certainty which

medications, at what doses, and in which patients increases

risk beyond an acceptable degree so as to enable effective

targeted interventions to reduce motor vehicle harm.

4 Falls and Bone Fractures

Osteoporosis, a state of bone mineral density deterioration,

is a medical condition in which the health burden increases

with advancing age, particularly in females after meno-

pause [35]. This higher incidence of osteoporosis in elderly

females corresponds to the higher sedative-hypnotic med-

ication usage incidence and prevalence witnessed in this

same portion of the general population. Importantly, frac-

tures, being the main devastating outcome to be prevented

in osteoporosis, are linked directly to increases in mortality

rates [36]. This is especially true for hip fractures with an

estimated excess mortality ranging from 8 to 36% over a

1-year period [37].

4.1 Pharmacological Basis and Experimental

Studies

In terms of a speculative causal association between frac-

tures and the GABAA receptor-modulating benzodi-

azepines and Z-drugs, a direct effect on bone mineral

metabolism seems untenable and so the association has

instead been attributed to their adverse pharmacodynamic

effect on cognition, gait, and balance leading to falls in

susceptible patients such as the elderly or those with

mobility issues [38, 39]. Furthermore, prior literature

reviews conclusively show that benzodiazepines and

Z-drugs exhibit a dose-dependent deleterious effect on

postural stability and balance, thus implying an inextrica-

ble link to fractures, with falling as the critical intermediary

event [40, 41].

4.2 Epidemiologic Studies

A multitude of individual studies, summarized by com-

parative systematic reviews and meta-analyses, have con-

sistently demonstrated various psychotropic medication

classes, including antidepressants, antipsychotics, opioids,

benzodiazepines, and Z-drugs, to be linked to falls [42–44]

and fractures [45]. Fall-related harm from benzodiazepine

use was estimated to cost 1.8 billion Euro in the European

Union in the year 2000 [46]. This is one of the few cost

estimates of benzodiazepine fracture-related harm but

nonetheless shows the negative expenses of such drug use

in the population.

Attempts to quantify the overall risk of fractures asso-

ciated with benzodiazepine use has been carried out by

careful compilation of existing study data. A meta-analysis

published by Khong et al. in 2012, consisting of data from

14 studies, used an ecological study design to examine hip

fracture rates in association with benzodiazepine con-

sumption in the US and five European countries [47]. They

concluded a pooled relative increased risk of 24–58% in

benzodiazepine users over non-users for hip fracture [47].

Another, more recent meta-analysis from 2014 by Xing

et al. included 25 distinct studies (19 case–control and 6

cohort) and determined a conservative adjusted overall

estimate indicating a 13–30% increased risk of fractures

attributable to benzodiazepine use [48].

When it comes to discerning differences in falls and

fracture risk among benzodiazepines, there have been some

discrepancies in the findings of individual studies. For

example, a few studies demonstrated a seemingly greater

risk with long-acting benzodiazepines supposedly

explained by their pharmacokinetic profile in the elderly
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[49–51]. Another study, hypothesizing increased rates of

fractures with oxidative benzodiazepines (i.e., requiring

phase 1 hepatic metabolism for elimination) found no

difference to support the hypothesis that non-oxidative

benzodiazepines are of lesser risk in causing fractures

among elderly persons [52]. Other studies, including the

aforementioned 2014 meta-analysis, have attributed a

higher risk to short-acting agents [48, 53–57].

These discordant pharmacokinetic findings on popula-

tion drug safety have been partially explained by selection

bias and confounding by indication. For instance, pre-

scribers may select shorter-acting or non-oxidative agents

on a frequent basis for higher risk patients, thus making

lower risk drugs appear higher in risk when fractures and

falls do occur [38, 55]. However, evidence has shown, with

limited conflicting results and adherence to expected

pharmacological principles, that the risk of falls and frac-

tures increases with higher doses [51, 55, 58–60], use of

interacting medications [55], and after treatment initiation,

particularly during the first 1–2 weeks of drug exposure

[55, 58, 59, 61]. New data from three studies suggests

variant CYP 2C9 allele expression plays a significant role

in fall risk among benzodiazepine users, thus suggesting a

future clinical role for pharmacogenetic screening [62].

Lastly, of particular concern is that some limited evidence

indicates that elderly individuals at a higher baseline risk

for falls (pre-existing risk factors) may be more likely to

receive new benzodiazepine prescriptions than a lower-risk

elderly cohort [63].

Despite the fact that, in comparison with the benzodi-

azepine class, there is substantially less study data eluci-

dating the degree of association between Z-drugs and

fractures, a meta-analysis of the available studies on zolpi-

dem by Park et al. was published recently in 2016 [64]. This

meta-analysis comprised nine studies (four cohort, four

case–control and one case–crossover) and reported a pooled

estimate of 92% excess risk of fractures in zolpidem users.

Given the comparably lower meta-analytic risk estimates

attributed to benzodiazepines, this estimate may be inflated

due to heterogeneity, confounding, and the reduced sample

size of the included studies. Nonetheless, three of the studies

included in the meta-analysis had reported event rate com-

parisons with benzodiazepines, yet the relative risk of frac-

ture with zolpidem still exceeded that of benzodiazepines

[65–67]. Predictably, a trend towards greater risk in the early

treatment period and with increasing doses has been shown

to hold true for Z-drugs in the same way as for benzodi-

azepines [51, 64].

4.3 Summary

It is unclear what further studies (non-intervention based)

on this topic will accomplish considering the overall

weight of the current evidence establishing an association

between these drugs and falls leading to fractures. Though

much work has already been done on fall prevention [68],

interventional studies with an aim to reduce fall-related

harm from sedative-hypnotics should perhaps be the con-

tinued focus of future research. For now, clinicians should

keep in mind that higher doses, psychotropic poly-phar-

macy, and the early treatment period with these drugs

probably pose a greater hazard, within the context of

benzodiazepine/Z-drug use. This is especially true for

patients with history of fractures and poor mobility (i.e.,

frail elderly).

5 Drug Overdose

The risk of fatality from benzodiazepine overdose alone via

respiratory or nervous system depression is seemingly non-

existent [69]. In rare instances of mono-drug overdose,

benzodiazepines may produce an idiosyncratic, potentially

fatal atrioventricular heart block [70]. More importantly,

involvement of benzodiazepines with other agents known

to cause central nervous system (CNS) and respiratory

depression, such as alcohol, opioids, or muscle relaxants,

substantially increases risk of harm [69, 71]. Concurrent

use of benzodiazepines and opioids, in particular, is a

complex topic reviewed in detail elsewhere [72, 73]. Co-

administration of these drug classes simultaneously, pur-

portedly enhances the euphoric ‘high’ as per synergistic

pharmacologic CNS mechanisms [74]. This likely rein-

forces dangerous medication taking behavior among those

with a substance-use disorder, thus increasing risk of

overdose. Issues surrounding combination benzodiazepine–

opioid use remain highly relevant for clinical practice as

studies from various jurisdictions have shown co-pre-

scription use of these drug classes to be frequent or

increasing [75–79].

5.1 Epidemiologic Studies

Drug overdose fatality data, made available by the US

National Institute for Drug Abuse (NIDA), reveals that

death involving benzodiazepine overdose has been steadily

on the rise since 2002 (2022 deaths) to the present (8791

deaths in 2015), with *75% of these overdoses involving

opioids [80]. These government-reported statistics are

generally in alignment with a 2016 study analyzing trends

in benzodiazepine prescription and overdose deaths in the

US for 1996–2013, which found that the dispensed ben-

zodiazepine prescription drug volume more than tripled

during this period and overdose deaths involving benzo-

diazepines became five times more frequent [81].
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Remaining in the US, from 2004 to 2011, emergency

department visits involving non-medical combined use of

benzodiazepines and opioids increased threefold (from 11

to 34.2 per 100,000 persons) and increases in death from

co-overdose was nearly proportional to this (0.6 to 1.7

per 100,000) [82]. In terms of poisoning leading to

hospitalization (i.e., beyond the emergency department)

in the US, from 1999 to 2006, benzodiazepines were

involved in more poisoning events and had the largest

increase in rate of poisoning among all drug classes

studied (39% increase from 26,321 in 1999 to 36,700 in

2006) [83]. In terms of which benzodiazepines may

present greater risk, an observational study of 2063 sin-

gle benzodiazepine overdose admissions showed mark-

edly higher frequencies for ICU admission, ventilation,

flumazenil administration, and length of stay for alpra-

zolam over other benzodiazepines [84]. A case–control

study in a US veterans population concluded a ‘dose-

dependent’ relationship between benzodiazepine pre-

scription issuance with overdose mortality (overall

adjusted hazard ratios of 2.33 and 3.86 for previous

prescription and current prescription of benzodiazepines,

respectively) [85]. As with dose response, as duration of

use increases, the odds of overdose seem to increase as

well according to results from a retrospective cohort

study of prescription opioid users [86]. Despite the logic

underlying dose-duration relationships with mortality at

the population level, these findings require confirmation

by result replication in other populations and study

designs. More importantly, continued drug studies

examining overdose measures for this drug class will

determine if overall utilization is improving over time in

terms of drug safety in overdose.

Recent, easily findable, large observational studies

specifically on benzodiazepine overdose in countries other

than the US appear to be lacking and this is even more true

for the Z-drugs. It is currently difficult to determine with

accuracy the extent of Z-drug overdose morbidity and

mortality in general populations (national, regional, or

otherwise) as they are frequently grouped with benzodi-

azepines. Nevertheless, a comparative epidemiologic study

of single drug overdose fatalities from the UK from 1983 to

1999 found a reduced frequency of fatalities for Z-drugs in

overdose compared with benzodiazepines (*2 deaths vs

*5.6 deaths/million prescriptions) [87]. However, these

findings warrant caution in concluding that Z-drugs are

generally safer in overdose as the death rates amongst

individual benzodiazepines differed tremendously (flu-

razepam being the highest and medazepam the lowest at

20.5 and 0.0 deaths/million prescriptions, respectively) and

user populations for particular agents may be inherently

different [87].

5.2 Summary

Given their relative safety in mono-drug overdose, benzo-

diazepines have seldom been studied on an epidemiologic

basis in this context unless other co-intoxicants, such as

opioids, are also involved. However, it is only sensible that

opioids are afforded research priority over benzodiazepines

in the pharmacoepidemiology of prescription drug overdose

because of their comparably greater toxicity. Future studies

examining benzodiazepine and Z-drug overdose outcomes,

similar in design to studies by Buckley and McManus [87] or

Isbister et al. [84] would be invaluable.

6 Infections

6.1 Pharmacological Basis and Experimental

Research

Speculation linking benzodiazepines to infections origi-

nally began when multiple in vivo pharmacology studies

demonstrated immune dysfunction and bacterial infections

of greater frequency among rodents exposed to diazepam

[88–90]. Despite these results, the immunopharmacology

of peripheral and central benzodiazepine GABAA receptors

remains complex as other in vitro studies have shown

potentiation of immune response from triazolo-benzodi-

azepines such as alprazolam and triazolam [91–93]. This

begs the question as to whether there is a true ‘class effect’

of these agents or if there are indeed indisputable im-

munopharmacological differences between them.

6.2 Epidemiologic Studies

Scaling back focus to an epidemiologic level, evidence is

conflicting as some observational studies have detected asso-

ciations between mortality from community-acquired pneu-

monia and benzodiazepine/Z-drug use [94–97], and others

have not [98, 99]. The largest and most recent observational

study by Nakafero et al. (2016) employed a survival analysis

methodology on a retrospective cohort study of [800,000

patients with ‘influenza-like illness’ (ILI). They reported

resultant adjusted hazard ratios of 4.24 (95% CI 2.27–7.95)

and 20.69 (95% CI 15.54–27.54) for ILI and ILI-related

mortality, respectively, in current benzodiazepine/zopiclone

users [94]. This team of researchers and another independent

group, Obiora et al., not only found strong statistical signifi-

cance for an association but also observed a dose-response

trend for many benzodiazepines and Z-drugs under study as

the hazard ratios generally trended higher from ‘non-users’ to

‘past-users’ to ‘current-users’, albeit with many instances

reflecting a J-curve [94, 95]. Discrepant findings in an elderly
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population (those not found to be at greater risk from expo-

sure) [99] have been explained by both Nakafero et al. and

Obiora et al. by the higher comorbidity burden in older

patients which independently increases pneumonia and

mortality risk by a magnitude substantially greater than

benzodiazepine exposure, thus limiting statistical detection in

this sub-population [94, 95]. Considering Z-drugs separately

from benzodiazepines, a meta-analysis of published studies

and FDA randomized clinical trial data by Joya et al. found a

25–64% increased risk of infection (various types) in those

exposed to Z-drugs (and oddly, ramelteon) over placebo

[100]. There was enough data only for sub-analysis of

eszopiclone and zolpidem, both of which were statistically

significant with adjusted hazard ratios at 1.48 (95% CI

1.25–1.74) and 1.99 (95% CI 1.21–3.26), respectively [100].

Despite the fact that the association was significant and that

this meta-analysis is composed of randomized trial data (thus

obviating the dilemma of confounding and temporality seen

with some observational study designs), the absolute event

rates were low at 6.86% in the hypnotics group and 4.56% in

the placebo group, thus yielding an absolute risk difference of

only 2.30%. Lastly, no single type of infection was driving the

association and 34% of the infections were not even clinically

recorded by subtype [100].

6.3 Summary

Infection risk with benzodiazepines and Z-drugs has yet to

be widely recognized by clinicians as a concern deserving

of attention as the population-based evidence supporting

this association is rather recent and not yet confirmed by

the scientific rigor required of causal associations. With a

proposed mechanism derived from lab-based pharmaco-

logic experiments in place to explain infection risk from

this class of drugs, the concerning results from some

observational studies are granted a limited degree of

plausibility for a causal association. Unlike the literature on

falls, fractures, and motor vehicle accidents, however, there

is a scarcity of pharmacoepidemiologic research on this

association. It may also be argued that the pharmacological

plausibility for infection is made less tenable given the

basic pharmacology, as commonly understood, for this

class of sedative-hypnotics. Therefore, confirmation of this

tentative adverse drug event should be sought from high-

quality prospective study designs along with the pharma-

cological basis being more clearly defined.

7 Pancreatitis

Less reported on in the literature is the possible association

between benzodiazepines and/or Z-drugs with acute epi-

sodes of pancreatitis. Thus far, one Taiwanese

retrospective cohort study has raised the association for

benzodiazepines [101] and two Taiwanese case–control

studies have raised the issue with zopiclone [102] and

zolpidem [103].

After adjusting for potential confounders, Liaw et al.

observed a 5.33-fold (95% CI 2.26–12.60) increased risk of

pancreatitis within 1 month of benzodiazepine poisoning

over controls [101]. Lai et al. reported a confounding

adjusted odds ratio of 2.36 (95% CI 1.70–3.28) for those

with receipt of zopiclone prescription within 30 days of

pancreatitis compared with never-users of this drug [102].

Of note is that the association remained significant even

when a prescription was dispensed C31 days prior to the

episode of pancreatitis (95% CI 1.60–2.66), thus suggest-

ing a possible spurious association. The authors address

this by claiming possible ‘as needed’ use of the drug prior

to the episode, however this is not verifiable with the

database study design. The same group of researchers, in

an almost identical study design, reported an adjusted odds

ratio for pancreatitis of 7.20 (95% CI 5.81–9.82) in those

who received a prescription for zolpidem within 7 days of

pancreatitis diagnosis compared with those who never

received zolpidem [103]. Unlike the study with zopiclone,

the authors examined and discovered a dose-response trend

where the association was greater for doses [10 mg (OR

8.70) compared with B10 mg (OR 6.76) [103].

A precise mechanism behind benzodiazepine- or

Z-drug-induced pancreatitis remains elusive, though the

authors of the previous studies have proposed direct nox-

ious effects on pancreatic tissue from these drugs

[101–103]. However, a pharmacological mouse-model

study of cerulein-induced pancreatitis yielded anti-thetical

results wherein pre-treatment diazepam 5 mg/kg (intra-

peritoneal) was observed to produce anti-inflammatory

effects; reducing pancreatic edema along with lipase and

amylase serum levels compared with a negative control

[104]. Recent review articles also make no mention of

either benzodiazepines or Z-drugs as agents being associ-

ated with drug-induced pancreatitis [105, 106].

7.1 Summary

Few original research studies exist that investigate the

presence or absence of an association between benzodi-

azepines and Z-drugs with pancreatitis. The three popula-

tion-level observational studies that do exist are all of a

retrospective design in the Taiwanese population. Despite

this, all of these studies are in concordance with each other

in presenting odds ratios of sufficient magnitude to raise an

alert for this serious association. There is a dearth of

experimental studies specifically determining the effects of

benzodiazepines and Z-drugs on pancreatic tissues. At least

one published experiment offers contradictory evidence.
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As of yet, there is no sound, well recognized, molecular

pharmacological basis for clinically relevant tissue

inflammation from benzodiazepines or Z-drugs. Further

high-quality research, both observational and experimental,

from multiple countries would be invaluable towards

determining whether there is any causal truth behind this

drug exposure–adverse outcome association.

8 Respiratory Disease Exacerbation

8.1 Pharmacological Basis and Experimental

Studies

It is rational to hypothesize that patients with significant

respiratory dysfunction are more susceptible to the other-

wise minor respiratory depressive effects of benzodi-

azepines at approved doses. A review by Roth reported that

benzodiazepines diminish respiratory function by reducing

airway smooth muscle tone and/or increasing the threshold

for arousal by desensitizing neurons in airway obstructed

sleep states [107]. In contrast, Roth further observed that

Z-drugs, unlike benzodiazepines, were absent of any sig-

nificant effect on either ventilation or CNS control of

breathing in normal subjects and patients with mild to

moderate chronic obstructive pulmonary disease (COPD)

[107]. Another review by Stege et al. assessed the results of

drug-effect studies on oxygen saturation, inspiratory flow

rate, and a variety of other objectively determined respi-

ratory parameters on COPD patients with insomnia

receiving benzodiazepines and Z-drugs. However, the

overall verdict was inconclusive as some experiments

showed deleterious changes in these domains and others

did not [108]. In terms of a difference in safety between

benzodiazepines and Z-drugs in COPD, Stege et al., unlike

Roth, refrain from declaring either sub-class as being safer

in this context given that four of six studies found no dif-

ference in respiratory changes between these classes [108].

In the context of obstructive sleep apnea (OSA), the results

of two meta-analyses largely found an absence of any

worsening of sleep-disordered breathing parameters

[109, 110].

8.2 Epidemiologic Studies

Contrary to much of the experimental literature just dis-

cussed, mounting evidence from observational studies over

the past number of years has raised the suspicion that use of

benzodiazepines or Z-drugs in those with COPD increases

risk of respiratory exacerbations and mortality beyond that

expected from the course of the disease state alone

[111–114]. For the first time, an association with asthma

exacerbation has also been raised from the results of a large

observational study in the UK [115]. The results for a few

of these studies have been subject to extensive reviewer

discussion with criticism, but will not be reiterated in

extensive detail here [116, 117].

Despite the similar findings and model adjustments by

the authors of these studies, issues of confounding, bias,

and other methodological limitations can probably be

raised as usual [111–115]. Of special potential confounding

interest is the common usage of benzodiazepines for dys-

pnea in palliation [118]. Despite the fact that palliative

drug usage is poorly captured in most pharmacoepidemi-

ologic study designs (databases typically limited to out-

patients), it is reasonable to speculate that even later-stage

ambulatory COPD patients with poor survival prognoses

may be granted prescriptions for benzodiazepines and

Z-drugs more frequently than those with milder disease

severity to assuage breathlessness, anxiety, or insomnia

related to their illness (i.e., confounding by indication).

Nonetheless, this was anticipated in one study by Vozoris

et al. who stratified their Canadian patient cohort by

severity and still discovered that the highest hospitalization

or pneumonia rate ratio was in the healthiest sub-group of

the COPD patients initiating benzodiazepines [111].

8.3 Summary

The effect of benzodiazepines and Z-drugs on respiratory

disease states is not yet perfectly clear due to the disparity

of results between acute respiratory effects as measured in

smaller experimental studies and longer term clinical out-

comes in observational studies. Given that population-

based studies examining outcomes from exposure to these

drugs have been predominantly case–control and retro-

spective cohort designs, prospective evidence, or even a

meta-analysis of the available studies would be useful to

persuade researchers and clinicians of any causal truth

behind these associations. This is yet another example

where findings from one discipline are not clearly in accord

with those of another for these drugs and efforts should be

made to reconcile this discrepant mistranslation in findings

between pharmacology and epidemiology.

9 Dementia

Dementia, comprising Alzheimer’s disease, vascular, Lewy

body and other sub-types, remains among the most feared

disease states associated with aging because of its poor

prognosis, lack of effective treatment modalities, and

increasing global prevalence in the aging population [119].

It is long-standing basic knowledge that benzodiazepines

and Z-drugs cause acute, reversible cognitive dysfunction

(slurred speech, transient amnesia, etc.) in many patients. It
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is also well known that older individuals are more sensitive

to the psychotropic adverse effects of benzodiazepines.

Beyond acute drug effect, an association extending to

progressive, neurodegenerative disease has been raised on

numerous occasions by independent researchers.

9.1 Pharmacological Basis and Experimental

Studies

Barker et al. published a 2006 meta-analysis of 13 exper-

imental studies, all of which employed a battery of various

neuropsychological tests, finding overall statistically sig-

nificant reductions for 12 of 12 cognitive domains, thus

strongly affirming the cognitive decline associated with

long-term use of benzodiazepines [120]. However, these

findings, though compelling in establishing the range of

cognitive deficits that may occur from benzodiazepine use,

do not confer direct knowledge on whether these drugs lead

to neurodegenerative changes in neural tissue. Pariente

et al., in a recent review article, speculate on a few

potential drug-induced disease mechanisms but settle on

favoring the hypothesis whereby exposed subjects are less

likely to resort to a ‘cognitive reserve’; that is, alternative

neural signaling pathways unaffected by undetected pre-

clinical lesions that may have otherwise been protective of

cognitive faculties [121]. Ultimately, the true mechanism,

if there even is one, remains unknown and so these authors

call for more experimental research to clarify this.

9.2 Epidemiologic Studies

Pariente et al. also reviewed the pharmacoepidemiologic

body of evidence for this association and critically

appraised the methodology of ten observational studies as

per the Newcastle-Ottawa scale for non-randomized studies

[122]. Of the studies, nine reported an increased risk of

dementia from benzodiazepines [122]. A systematic review

of ten studies and meta-analysis of eight studies, many of

which overlapped with the prior review, used a random-

effects model and found an overall 78% increased odds of

dementia in benzodiazepine users over non-users [123]. A

slightly older meta-analysis included six studies and

reported a 49% increased odds in those ever having used

benzodiazepines [124]. The association is strengthened

considerably in those using benzodiazepines chronically

for long periods, with a potentially further increased risk

with higher doses and use of long-acting agents [121–123].

The meta-analyses, though quite recent themselves, may

already warrant an updated estimate given three recent

publications, two of which reported increased risk of

dementia from benzodiazepine use [125–127]. Notably,

Takada et al. conducted various analyses on Canadian,

American, and Japanese data sources (adverse event

databases, claims databases) and found that data from all

three countries supported an association between long-term

and long-acting benzodiazepine use and dementia [125].

The majority of studies on this association have been ret-

rospective but a recent prospective study by Gray et al.

reported discordant findings. Despite having shown ‘any

use’ of benzodiazepines to be significantly associated with

dementia, they failed to find higher dementia incidence in

those individuals with the highest level of exposure to these

drugs [128].

In terms of evidence regarding any association of

Z-drugs specifically to dementia, the evidence is primarily

restricted to a few sub-analyses in benzodiazepine studies

previously alluded to, which suggest a similar risk of

dementia as was seen with benzodiazepines [129]. A single

Taiwanese case–control study reported an increased risk of

dementia with zolpidem compared with for non-users, but

other than this there appears to be a lack of studies solely

on Z-drugs and dementia with benzodiazepines excluded

[130].

There has been general consensus among researchers in

this area that methodological limitations and differences

giving rise to bias or confounding have been the primary

challenge that remains to be overcome in order to conclude

judgment on this association with high-level confidence.

The most popular alternative explanations and criticisms

for the reported association is founded upon protopathic

bias (reverse-causality) whereby early-onset symptoms of

clinically undetected dementia are first treated with ben-

zodiazepines prior to a formal dementia diagnosis

[122, 131–133]. Similarly, the association is further con-

fused through the common clinical use of benzodiazepines

to treat behavioral and psychological symptoms of

dementia [134]. In this case, confounding by indication is a

danger for proper interpretation and, with reverse-causal-

ity, represents a temporal continuum of potential bias in

pharmacoepidemiologic studies on this topic.

9.3 Summary

Clear evidence of a drug-induced neuropathological

mechanism as well as a large, well designed prospective

study with a sufficiently long follow-up period (30? years)

are current gaps in the research that have already been

called to be filled by previous authors who have examined

the body of evidence [121–124]. Nevertheless, the truth

behind this association carries potentially major public

health implications for prevention of an, as of yet, incur-

able but always devastating neurodegenerative disease.

Despite the large proportion of studies concluding an

association between benzodiazepines and dementia, the

criteria required to strongly substantiate a causal relation-

ship remains only partially fulfilled [122].
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10 Cancer

10.1 Pharmacological Basis and Experimental

Studies on Carcinogenicity

With the burden of cancer having increased substantially

over the past decades, the medico-scientific community, in

response, has been ever more vigilant in identifying

potential causal exposures leading to cancers (i.e., envi-

ronmental hormone disruptors, dietary red meat, etc.).

Mechanisms underlying benzodiazepine- and Z-drug-in-

duced tumorigenesis remain tentative and unclear based on

a review by Brambilla et al. of carcinogenicity and geno-

toxicity study results [135]. These authors reviewed study

data for 51 benzodiazepines and the related Z-drugs and, at

the very least, it is clear that there does not appear to be a

consistent class effect for these agents in causing neo-

plasms in various animal tissue types. However, at the time

of reporting, the authors state that only eight of 41 mar-

keted molecules had all the necessary data needed for

fulfillment of the FDA guidelines for carcinogenicity test-

ing of pharmaceuticals [135].

10.2 Epidemiologic Studies

Despite the lack of conclusive experimental data, alarm

signals for cancer risk have been raised by researchers for

benzodiazepines and the Z-drugs based on observational

study findings [136–139]. In attempts to get a clear answer

to this quandary, Kim et al. published a 2016 meta-analysis

of 22 observational studies (18 case–control and 4 cohort)

which concluded an overall estimate of 19% increased

cancer risk, with a significant dose-response trend, among

benzodiazepine users over non-users [140]. There does

exist a fine degree of granularity when it comes to the

determination of cancer risk from benzodiazepines/Z-drugs

as certain types of cancer (i.e., esophageal, brain, pancre-

atic) and certain agents (lorazepam, clonazepam,

zopiclone) carry greater statistical weight, driving the

overall association [137, 140]. Given that most of the

studies included in the meta-analysis are retrospective, the

authors address the limitations fairly by reminding us of

confounding by indication (cancer patients more likely to

use anxiolytic medication) and unmeasured confounding

(alcohol and smoking) [140].

Perhaps most strikingly and of special interest is the

odds/risk ratio of 2.08 (CI 1.77–2.44) for brain tumors

which was of considerably greater magnitude than other

types of cancer in the above-cited meta-analysis. Harnod

et al., in the only study solely devoted to this cancer sub-

type, found a [3-fold greater incidence of benign brain

tumors in those exposed to benzodiazepines [141]. How-

ever, the benzodiazepine users in this study were signifi-

cantly confounded as they were more likely to have had

histories of dementia, epilepsy, head injuries, and brain

scan imaging. The authors claim to have adequately

adjusted for confounding but also rightfully mention the

potential for unmeasured confounding as well as proto-

pathic bias (undiagnosed brain tumors giving rise to

insomnia, seizures, and psychiatric symptomatology)

which may have skewed the results [141]. Nevertheless, an

alarming finding of this magnitude may be viewed as

hypothesis generating, which should require either confir-

mation or refutation from further study. Can it be more

than coincidence that the anatomical location of highest

neoplasm risk and the primary site of action for these

agents is one and the same?

10.3 Summary

There is currently a lack of complete, high-quality exper-

imental and epidemiologic evidence to confirm an associ-

ation between benzodiazepine/Z-drug use and cancer.

Ultimately, if these drugs are later proven to be carcino-

genic it seems reasonable to question why this association

was not detected with certainty many years earlier given

Table 1 Hill Causality Criteria for Benzodiazepine/Z-Drug Adverse Events

Traffic Accidents Falls leading to fractures Dementia Infections Pancreatitis Respiratory Worsening Cancer

Consistency ? ? ± ± ± - ±

Strength ? ? ? ± ? ± ±

Temporality ? ? - ? - - -

Specificity - - - - - - -

Dose-response ? ? ± - ± - ±

Coherence ? ? ± ± - ± -

Experimental evidence ? ? - ± - ± -

Analogy ? ? - - ± ? -

?, criteria fulfilled; ±, criteria partially fulfilled or arguable either way; -, criteria not fulfilled
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their widespread usage. Malignancy caused by any regu-

lated prescription medication is almost always rare and

slow to develop. Even after diagnosis, it is not likely to be

frequently identified in the minds of clinicians in terms of a

causal association. Further to this, confounding by indica-

tion and unmeasured confounding are real limitations

which place doubt on the association as it currently stands

according to the observational study data. For these rea-

sons, as with the dementia association, a prospective study

of sound methodology and sufficient sample size is needed

to address the seriousness of the claims raised recently in

the literature.

11 Conclusion

Standard considerations for the causality of harm associa-

tions have been discussed and implied throughout this

review. A concise summary assessing each adverse out-

come association (excluding overdose for obvious reasons)

for causality has been provided in Table 1 based on the

well recognized Bradford Hill criteria [142], which has

been operationalized in pharmacoepidemiology in the past

[143]. However, the reader is cautioned that a systematic

objective process to determine whether a criterion was

fulfilled was not undertaken in this narrative review.

Therefore, Table 1 simply serves as a summative, visual

display of the authors’ interpretation, which may be vul-

nerable to bias.

It is clear that, despite the voluminous body of

biomedical literature on benzodiazepines and Z-drugs,

there is still a research need to answer vital questions rel-

evant to the optimization of their effectiveness and safety

in society. As with legal matters (i.e., innocent until proven

guilty), doubt persists in the biomedical community

regarding the relatively new safety accusations (dementia,

infections, pancreatitis, and cancer) levelled against these

drugs by pharmacoepidemiologic researchers (i.e., associ-

ation until proven causation). Although serious clinical

doubt persists, if even one of these newer associations

stands the rigorous test of scientific scrutiny and is prac-

tically proven, it will have potentially tremendous public

health implications given the already existent controversy

surrounding certain patterns of use. Furthermore, serious

negative health outcomes that are known to be associated

with these agents such as falls, hip fractures, overdose, and

motor vehicle accidents still need to be continually

addressed in policies and clinical practice.
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