
ORIGINAL RESEARCH ARTICLE

New, Occasional, and Frequent Use of Zolpidem or Zopiclone
(Alone and in Combination) and the Risk of Injurious Road
Traffic Crashes in Older Adult Drivers: A Population-Based
Case–Control and Case-Crossover Study
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Abstract

Background Previous studies on the effect of zolpidem or

zopiclone use on the risk of road traffic crashes (RTCs)

have shown mixed results.

Objective Our objective was to determine the association

between zolpidem or zopiclone use (as separate drugs or

combined) and the occurrence of injurious RTCs among

older adult drivers.

Methods This was a population-based matched case–con-

trol and case–crossover study based on secondary data

linked together from Swedish national registers. Cases

were drivers aged 50–80 years involved in a vehicle crash

resulting in injuries between January 2006 and December

2009 for the case–control study (n = 27,096) and from

February 2006 to December 2009 for the case–crossover

study (n = 26,586). For the first design, four controls were

matched to each case by sex, age, and residential area, and

exposure was categorized into new, occasional, and fre-

quent use of zolpidem only, zopiclone only, and combined

zolpidem and zopiclone. For the case–crossover study,

newly dispensed zolpidem or zopiclone users were asses-

sed during the 28 days prior to the crash and compared

with an equally long control period using a 12-week

washout period. Matched adjusted odds ratios (OR) were

computed using conditional logistic regression.

Results Increased ORs for all users were observed. In the

case–control study, the highest odds were seen among newly

initiated zolpidem-only users involved in single-vehicle cra-

shes (adjusted OR 2.27; 95% confidence interval [CI]

1.21–4.24), followed by frequent combined zolpidem and

zopiclone users [adjustedOR2.20;CI 1.21–4.00]. In the case–

crossover, newly initiated treatment with zolpidem or zopi-

clone showedan increased risk thatwas highest in the 2 weeks

after the start of the treatment (OR 2.66; 95% CI 1.04–6.81).

Conclusions These results provide more compelling evi-

dence for the role of zolpidem or zopiclone in the occur-

rence of RTCs among older adults, not only in frequent

users, but also at the beginning of treatment.

Key Points

Previous studies of the effect of zolpidem or

zopiclone on the risk of road traffic crashes have

shown mixed results.

This large population-based matched case–control

and case–crossover study found an association with a

higher occurrence of injurious road traffic crashes

among older adults, in not only frequent users but

also new users.

Users of both zolpidem and zopiclone have relatively

higher risks than those using zolpidem only or

zopiclone only.
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Karolinska Institutet, Tomtebodavägen 18A, 17177

Stockholm, Sweden

CNS Drugs (2017) 31:711–722

DOI 10.1007/s40263-017-0445-9

http://orcid.org/0000-0002-0695-5356
http://dx.doi.org/10.1007/s40263-017-0445-9
http://crossmark.crossref.org/dialog/?doi=10.1007/s40263-017-0445-9&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s40263-017-0445-9&amp;domain=pdf


1 Introduction

Hypnotics are one of the most commonly prescribed drug

classes in older adults [1]. For decades, benzodiazepines

have been the main class used for insomnia treatment, but

concerns about adverse effects have led to the use of non-

benzodiazepine hypnotics such as zolpidem or zopiclone

[2]. Currently, the consumption of these drugs among older

adults in Norway, Sweden, and the USA exceeds that of

benzodiazepines [3–5]. Furthermore, a recent study from

Canada showed that the incidence of use of these medi-

cations among older adults continued to increase, whereas

the opposite trend was observed for benzodiazepine [6].

While both drugs are considered to have better phar-

macological profiles and safer residual effects than ben-

zodiazepines [2], studies reveal side effects such as

drowsiness, dizziness, and somnolence [7, 8], which are

likely to impair cognitive function [9] and consequently

driving performance [10–15]. Age-related changes in the

pharmacokinetics and pharmacodynamics of these medi-

cations [16, 17] put elderly people at higher risk of such

effects. Thus, older adults dependent on their driving

ability [10, 18] should be considered a potentially exposed

group for the occurrence of road traffic crashes (RTC)

when under treatment with such medications.

Previous studies investigating associations between

zolpidem or zopiclone intake and driving impairment

[10–15] or RTCs [19–28] among younger adults [10], older

adults [11, 14, 15, 28], or both groups combined

[12, 13, 19–27] have reported mixed results. The discrep-

ancy observed seems to relate mainly to the frequency of

use. For instance, while most studies report driving

impairments after newly initiated zolpidem or zopiclone

use [10–13], the effect is less evident for occasional or

frequent users [14, 15]. For elderly drivers, the evidence is

also contentious, with some studies showing an increased

risk [19–22] or no risk [25–29] among current users (i.e.

zolpidem or zopiclone prescribed 1 day prior to the crash).

Of those reporting increased risks, one was with drivers

taking more than one tablet per day for the past 5 months

prior to the crash [23] and another was with individuals

using a high dosage [29], adding to the variability of the

results. However, so far, researchers have neither focused

on elderly drivers nor specifically looked at newly initiated

zolpidem or zopiclone use in this group.

Therefore, this study was undertaken to determine the

association between zolpidem or zopiclone use and the

occurrence of injurious RTCs among older adult drivers,

focusing on new, occasional, and frequent users.

2 Methods

2.1 Study Design

A population-based matched case–control design was used

linking data from various Swedish registers. To determine

the association between newly initiated zolpidem or zopi-

clone and the occurrence of injurious RTCs, a case–

crossover study was also carried out, as this design is

suitable to assess short-term effects of intermittent expo-

sures for the risk of acute outcomes while inherently

adjusting for time-invariant confounders [30, 31].

The Swedish Traffic Accident Data Acquisition

(STRADA) register [32] was used to identify cases. This

nationwide register routinely collects police and hospital

information about RTCs occurring on Swedish roads [32].

Data extracted included RTC date and place, person’s

seating position (driver or passenger), type of crash, and

suspected driver alcohol use. Data on medication use,

including type of drugs dispensed, anatomical therapeutic

chemical (ATC) classification codes, and date of dispen-

sation were obtained from the Swedish Prescribed Drug

Register (SPDR) [33]. All prescriptions dispensed in

Sweden, excluding drugs used during hospitalization and

over-the-counter medications, are recorded in this register

[33]. The Total Population Register and National Driving

Licence Register [34, 35] were used to select potential

controls for the case–control study using information on

age, sex, and type and validity of driving licence. The

Longitudinal Integration Database for Health Insurance

and Labour Market Studies (LISA), an annual register that

records socioeconomic data of residents aged C16 years,

was used to obtain information about marital status,

occupation, and education [36]. Data on medical condi-

tions, particularly the discharged diagnosis based on In-

ternational Classification of Diseases and Related Health

Problems, tenth version (ICD-10) codes, was extracted

from the National Inpatient Register [37], which contains

information on inpatient care in all Swedish hospitals. All

these registers are updated regularly, and information

between registers was linked using the unique ten-digit

personal identification number assigned to all Swedish

residents [38].

Cases were car, bus, or truck drivers aged 50–80 years

involved in an RTC leading to at least one injured person

from 1 January 2006 to 31 December 2009 for the case–

control and between 1 February 2006 and 31 December

2009 for the case–crossover. We included drivers aged

from 50 years to capture older adults with various levels of
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driving exposure (i.e. older adults who had not retired

might drive more than those who had retired). Furthermore,

age-related physiological changes might already be

occurring around this age, which could affect the phar-

macokinetics and pharmacodynamics of the drugs studied

[39]. To prevent reverse causality, we used only the first

crash in the study period (i.e. to ensure the medications

were not prescribed as a result of the crash). The crash date

was considered the index date. Individuals suspected of

driving under the influence of alcohol according to the

police were excluded, as this is a known factor for the

occurrence of RTCs, particularly in combination with

medications [26, 40].

For the case–control study, four controls were randomly

chosen from the population and the National Driver’s

Licence Register [34, 35] and individually matched to each

case by sex, age, and area of residence. Differences in RTC

risks have been reported [41], as well as patterns of med-

ication use, including Z-drugs [3, 42], by sex and age. Area

of residence was matched to adjust for geographical dif-

ferences, which relate to the availability of transportation

means and to road and weather conditions that can affect

crash risks. Eligible controls were Swedish residents aged

50–80 years with a valid driving licence who were not

involved in an RTC during the study period. Once a control

was assigned to a case, that individual could no longer be

matched to another case. More details about the selection

of cases and controls can be obtained from the Electronic

Supplementary Material [ESM] 1.

The same cases were used for the case–crossover anal-

yses but also served as their own controls by comparing

case and control periods [30]. The case period was defined

as the 4 weeks prior to the crash, preceded by a 12-week

washout interval. The control period also entailed 4 weeks

with the corresponding preceding washout interval. The

exposure period was chosen considering that the prescrip-

tion duration of zolpidem and zopiclone usually ranges

from a few days to up to 4 weeks [22, 25]. The washout

interval was chosen considering the usual dispensation for

a prescription in Sweden and to ensure that the medications

were newly initiated [31]. Figure 1 provides an illustration

of the periods used for the case–crossover analyses.

2.2 Exposure Assessment

In Sweden, medications containing zolpidem or zopiclone

cannot be purchased over the counter. Data on these

medications were obtained using ATC codes N05CF02-

zolpidem and N05CF01-zopiclone.

For the case–control analysis, exposure was categorized

into one of the following mutually exclusive groups:

1. Newly initiated use: Dispensation of at least one

prescription of zolpidem or zopiclone 1–30 days

before the index date but none within 31–180 days

prior to the index date.

2. Occasional use: Dispensation of one or two zolpidem

or zopiclone prescriptions within 31–180 days prior to

index date, or when one was given within 1–30 days

prior to the index date and the other within

31–180 days prior to index date.

3. Frequent use: Dispensation of three or more prescrip-

tions of zolpidem or zopiclone within 1–180 days prior

to index date, with at least one prescription within

31–180 days prior to index date.

4. Non-zolpidem, non-zopiclone use: Dispensation of

medications other than zolpidem and zopiclone within

the 1- to 180-day period prior to the index date; the

number of other medications was categorized into one

to two, three to four, and five or more medications.

5. No medication use: No dispensation of medications

1–180 days prior to the index date.

For the analyses, exposure was further categorized as

only zolpidem use, only zopiclone use, and both zolpidem

and zopiclone combined for each of the exposure groups

listed above.

For the case–crossover analyses, exposure in the case

period was defined as days 1–28 prior to the crash, pre-

ceded by a 12-week (84 days) washout period. As a control

period, a matching period was used prior to the crash (i.e.

days 113–140), which was also preceded by an equal

washout period of 12 weeks. To prevent reverse causation,

cases with dispensations of zolpidem or zopiclone on the

index date were not included in the analysis (n = 43).

Fig. 1 Graphical presentation

of case-crossover design
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2.3 Potential Confounders

In addition to age, sex, and area of residence, adjusted by

the matched design, the following variables were also

considered potential confounders in the case–control

analyses.

2.3.1 Marital Status

Defined as the latest recorded marital status prior to the

index date according to LISA. Previous studies have sug-

gested an association between marital status and the

prevalence of insomnia and use of hypnotics [43, 44], as

well as with RTCs [45]. In this study, marital status was

categorized as never married, married, divorced, and

widowed.

2.3.2 Occupation

Defined as the latest recorded occupation prior to the RTC,

and categorized into professional, technician, and skilled

worker based on the first digit of the International Standard

Classification of Occupations (ISCO-08) [45, 46]. We used

this as a proxy for socioeconomic status. Information was

obtained from the LISA register.

2.3.3 Comorbidity

Comorbidity was assessed using the weighted Charlson

Comorbidity Index and the total number of different

medications dispensed. The weighted Charlson Comor-

bidity Index [47] was computed using the main discharge

diagnosis for hospitalizations based on records from the

National Patient Register the year prior to the index date.

Due to the limited variability within the data, the score was

grouped into 0 (no comorbidity) and C1 (at least one

comorbidity). The total number of different medications

dispensed was assessed for the 30-day period prior to the

index date and excluded dispensations of zolpidem, zopi-

clone, benzodiazepine, and opioid analgesics, as these have

been associated with increased risks of RTCs in older

drivers [46]. All dispensations were recorded based on the

fifth-digit level of the ATC classification, and categorized

into none, one to two, three to four, and five or more

medications.

Benzodiazepines and opioid analgesics are among the

most prominent medications linked to the risk of RTCs

[18, 48–50]. Thus, dispensations of any of the following

benzodiazepines within 30 days prior to the index date

were considered: alprazolam, clonazepam, diazepam, flu-

nitrazepam, lorazepam, nitrazepam, midazolam, oxazepam,

and triazolam. Opioid analgesics included morphine,

hydromorphone, oxycodone, oxycodone combinations,

codeine combinations excluding psycholeptics, opium,

nicomorphine, dihydrocodeine, papaveretum, morphine

combinations, dihydrocodeine combinations, and codeine

combinations with psycholeptics. Exposures to benzodi-

azepine or opioid analgesics were dichotomized.

For the case–crossover analyses, adjustments were made

for newly prescribed benzodiazepine and opioid analgesics.

This was defined as dispensation of any benzodiazepine or

opioid analgesic drug mentioned previously using the same

definition as for zolpidem or zopiclone.

2.4 Statistical Analysis

The sociodemographic characteristics of cases and controls

were presented using proportions. For the case–control

analyses, matched odds ratios (ORs) with 95% confidence

intervals (CIs) were computed using conditional logistic

regression. Matched ORs were adjusted for marital status,

occupation, weighted Charlson Comorbidity Index, total

number of different medications dispensed, and benzodi-

azepine and opioid analgesic use. Multicollinearity

assumption for comorbidity variables was dismissed as the

standard errors of the coefficients were small and variance

inflation factors (VIFs) were\2.5.

Conditional logistic regression was used in the case–

crossover analyses to calculate crude and adjusted ORs

(AORs). Adjustment was made for newly prescribed ben-

zodiazepines and opioid analgesics. Analyses were also

stratified by each 7-day period within the 28-day period.

Analyses were stratified by sex, age group, and type of

crash. For type of crash, the purpose was to estimate the

effect in single-vehicle crashes where driver’s responsi-

bility could be assumed [18]. Results were also stratified by

sex and age. ORs were used as an approximation of the

relative risk, considering that RTCs are relatively rare

events [51, 52]. All analyses were conducted using IBM

SPSS Statistics version 22.

3 Results

Table 1 shows the distribution of demographic character-

istics, morbidity status, and medication use, along with

crude matched ORs for cases and controls. A total of

27,096 non-alcohol-related RTCs were identified, of which

14.6% were single-vehicle crashes. Most drivers involved

were men (69.7%), aged between 50–64 years (69.7%),

and resided in the south and central regions of Sweden

(90.3%). Compared with controls, cases were more often

unmarried (44.4 vs. 36.7%), and had a lower socioeco-

nomic position (33.2 vs. 28.5%). Cases also had slightly

higher proportions of comorbidities either assessed using

the weighted Charlson Comorbidity Index (3.1 vs. 2.2%) or
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by the number of different medications dispensed (34.3 vs.

31.4%). Cases were also more likely to use benzodi-

azepines (4.5 vs. 3.2%) or opioid analgesics (4.2 vs. 2.2%).

Regarding the frequency of zolpidem and zopiclone use

(Table 1), cases had a higher proportion of dispensation of

zolpidem (3.7 vs. 2.8%) or zopiclone (3.8 vs. 3.1%) than

controls, and only 0.4% of cases and 0.2% of controls used

both medications 1–180 days prior to the crash.

The proportions of zolpidem or zopiclone use were also

higher in females and among older people aged

65–80 years (see Table 5 in ESM 2). Females used zolpi-

dem more often than men, but the opposite was true for

zopiclone.

Table 2 shows the proportions of zolpidem or zopiclone

users along with the estimated crude and AORs for the

occurrence of injurious RTCs. The majority of users were

occasional or frequent users. After adjustment for marital

status, occupation, comorbidity, and benzodiazepine and

opioid analgesic use, it could be seen that the risks for

RTCs were higher among those using both zolpidem and

zopiclone combined than among those using the medica-

tions separately. Occasional combined zolpidem and

zopiclone users had the highest risk of RTC (AOR 2.14;

95% CI 1.26–3.63), followed by frequent combined

zolpidem and zopiclone users (AOR 1.53; 95% CI

1.17–2.01). Among users of individual medications

Table 1 Distribution of demographic characteristics, morbidity status, medication use, and crude matched odds ratios for all injurious road

traffic crashes among older adult drivers in Sweden (case–control analysis)

Characteristics Categories Casesa

(N = 27,096)

Controlsa

(N = 108,384)

Crude matched

OR

Sex Male 69.7 69.7 Matched

Female 30.3 30.3

Age group 50–64 years 69.7 69.7 Matched

65–80 years 30.3 30.3

Area of residence North 9.5 9.5 Matched

Central 43.1 43.1

South 47.2 47.2

Marital status Married 55.3 62.9 1.00

Never married 14.9 14.5 1.17

(1.13–1.22)

Divorced 23.2 17.5 1.51

(1.46–1.56)

Widowed 6.3 4.7 1.57

(1.48–1.67)

Occupation Professional 21.2 23.6 1.00

Technician 31.7 34.7 1.00

(0.97–1.04)

Skilled worker 33.2 28.5 1.32

(1.27–1.37)

CCI scoreb 0 96.9 97.8 1.00

C1 3.1 2.2 1.44

(1.33–1.56)

Number of different medications

dispensedc
0 65.8 68.6 1.00

1–2 21.4 20.2 1.11

(1.08–1.15)

3–4 7.4 6.9 1.12

(1.06–1.18)

C5 5.5 4.3 1.35

(1.27–1.43)

Benzodiazepinesd No 95.5 93.6 1.00

Yes 4.5 3.2 1.34

(1.25–1.43)

Opioid analgesicsd No 95.8 97.8 1.00

Yes 4.2 2.2 1.96

(1.82–2.10)
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(zolpidem or zopiclone only), frequent users had the

highest risks (AOR frequent zolpidem 1.33; 95% CI

1.14–1.56; AOR frequent zopiclone 1.31; 95% CI

1.14–1.56), although the risks were still lower than for

those using both medications. No differences were seen in

risk estimates in the stratified analyses by age. However,

women seemed to have a higher risk than men (see Table 6

in ESM 2).

Table 3 presents AORs among single-vehicle crashes.

Newly initiated zolpidem users showed the highest risks

(AOR 2.27; 95% CI 1.21–4.24), followed by frequent

combined zolpidem and zopiclone users (AOR 2.20; 95%

CI 1.21–4.00). While increased risks were also seen for

occasional combined zolpidem and zopiclone users, the CI

was relatively wide (AOR 2.14; 95% CI 0.65–7.08).

Table 4 shows crude and AORs for RTCs for newly

initiated zolpidem or zopiclone treatment based on the

case–crossover analyses. Newly initiated users had higher

crude ORs of being involved in RTCs for up to 28 days

after the start of the treatment, especially in single-vehicle

crashes, compared with periods when no treatment had

been initiated (OR 1.79; 95% CI 1.13–2.82). The risk

remained significant even after adjusting for other newly

initiated benzodiazepine and opioid analgesics for those

involved in single-vehicle crashes (AOR 1.78; 95% CI

1.12–2.81). Although no clear patterns were observed in

crude analyses at different 7-day length periods, further

analysis on drivers involved in single-vehicle crashes

showed that risks peaked on the second week after initia-

tion (AOR 2.66; 95% CI 1.04–6.81).

4 Discussion

Results show that newly initiated as well as sustained use

of zolpidem and zopiclone is associated with a higher

occurrence of injurious RTCs in older Swedish drivers.

Although frequent and occasional users may have a higher

probability, a noticeable increment was also seen at the

initiation of treatment, especially during the second week.

The patterns observed were more evident when analyses

were restricted to single-vehicle crashes where driver

responsibility could be largely assumed. In addition to the

frequency of use, this study suggests that the type of

medication used also plays a role, with frequent and

occasional users of zolpidem and zopiclone combined

showing higher risks than those who used these medica-

tions separately. On the other hand, while newly initiated

zolpidem users had higher risks than zopiclone users, the

opposite was true for frequent users.

Although comparisons with previous studies are not

straightforward because of methodological differences,

results could still be indirectly compared with earlier

findings. The increased risks found in frequent and

Table 1 continued

Characteristics Categories Casesa

(N = 27,096)

Controlsa

(N = 108,384)

Crude matched

OR

Zolpidem or zopiclone usee No medications 27.6 31.0 0.93

(0.89–0.97)

Non-zolpidem or non-zopiclone users (1–2 other

medications)

21.7 22.8 1.00

Non-zolpidem or non-zopiclone users (3–4 other

medications)

14.3 14.4 1.05

(1.00–1.10)

Non-zolpidem or non-zopiclone users (C5 other

medications)

28.6 25.7 1.19

(1.15–1.24)

Zolpidem only users 3.7 2.8 1.39

(1.28–1.50)

Zopiclone only users 3.8 3.1 1.33

(1.23–1.43)

Both zolpidem and zopiclone users 0.4 0.2 1.91

(1.53–2.40)

Data are presented as percentages or as OR (95% confidence interval)

CCI Charlson Comorbidity Index, OR odds ratio
a Total might not add up to 100% due to missing data
b Weighted CCI
c Within 1–30 days prior to index date excluding zolpidem, zopiclone, benzodiazepines, opioid analgesics
d Exposure to at least one medication dispensed within 1–30 days prior to the index date
e Within 1–180 days prior to index date
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occasional users are in line with the study in which con-

tinuous zolpidem use increased the chance of RTCs,

especially in the 1- to 4-month period of continuous use

[23]. Another study reported that drivers using more than

one pill of zolpidem per day, as a measure of high expo-

sure, had a higher risk for being responsible for RTCs,

though such an association was not seen for zopiclone [24].

With respect to the relatively small differences seen

between the findings concerning newly initiated zolpidem

or zopiclone use by study design, one should keep in mind

that even though similar exposure definitions were used,

the control groups differed between the case–control and

the case–crossover. In the case–crossover analyses, time

in-variant confounders are inherently adjusted for, both

measured and unmeasured, which can explain the differ-

ences in the effect estimates. There might also be

unmeasured confounding that has not been taken into

account in the case–control analyses, such as driving

exposure. Altogether, the increased risks observed for

newly initiated treatment tend to coincide with one case–

control [20] and two case–crossover [19, 22] studies, but

they contrasted with the other two studies [24, 25].

The increased risks found here suggest these medica-

tions have both transient and cumulative effects in the

body. Drug tolerance or adaptation, which often occurs

with repeated use of certain medications, does not seem to

be the case with zolpidem and zopiclone. Meta-analyses of

randomized controlled trials [10, 12] and pooled analyses

of crossover trials [13] looking at the effects of hypnotics

on on-the-road driving tests have found that bedtime

zopiclone administration impaired driving performance the

following morning, indicating the presence of transient or

immediate effects of the medications. While zolpidem was

deemed safer following bedtime use, middle-of-the-night

administration showed this medication can also impair

driving performance the morning after [10, 12]. It is

important to bear in mind that, whereas the majority of

these trials included only healthy young adults, other

studies with middle-aged and elderly drivers have also

shown similar findings [11, 15].

Unfortunately, there is no experimental evidence

assessing the long-term or cumulative effects of zolpidem

or zopiclone in terms of driving performance. For now, the

evidence relies on observational studies, which are often

contradictory. For instance, the results of one study that

investigated the driving performance of insomnia patients

taking hypnotics occasionally and frequently, which

showed no differences compared with healthy controls

[14], contrast with another that showed significant driving

impairments in individuals who used just a single dose of

zopiclone, although of lower magnitude than in frequent

users [15].
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Apart from the side effects of the medications, the risks

observed among new users could also be affected by

driving-related behavioural change. While it is generally

noted that people with insomnia and drivers taking central

nervous system medications [13, 53–55] were usually not

aware of their driving impairments, it has also been shown

that the level of awareness might differ depending on

which drug was being taken. For instance, people taking

zolpidem were usually more aware of their reduced alert-

ness than were alprazolam users [55]. Thus, it is possible

that newly initiated zolpidem or zopiclone users could have

abstained or reduced their driving at the beginning because

of warnings of potential side effects and the awareness of

their perceived driving ability. However, it is also possible

that they drove again as usual some days after, which could

explain the risk peaking in the second week after the start

of the treatment.

Moreover, there is evidence that chronic use of non-

benzodiazepine hypnotics, including zolpidem and zopi-

clone, is associated with greater anxiety and sleep

Table 3 Adjusted matched odds ratios for the exposure to zolpidem and/or zopiclone and the risk of injurious single-vehicle crashes among

older adult drivers in Sweden (case–control analysis)

Exposure definition Adjusted

matcheda
Adjusted matcheda ?

benzodiazepinesb
Adjusted

matcheda ? opioid

analgesicsb

Adjusted

matcheda ? benzodiazepinesb

and opioid analgesicsb

No medicationsc 0.90

(0.80–1.00)

0.91 (0.82–1.02) 0.90 (0.81–1.01) 0.92 (0.82–1.02)

Non-zolpidem or non-zopiclone

users (1–2 other medications)c
1.00 1.00 1.00 1.00

Non-zolpidem or non-zopiclone

users (3–4 other medications)c
1.09

(0.96–1.23)

1.10 (0.97–1.25) 1.08 (0.95–1.22) 1.09 (0.96–1.24)

Non-zolpidem or non-zopiclone

users (C5 other medications)c
1.33

(1.19–1.50)

1.34 (1.19–1.51) 1.29 (1.14–1.45) 1.30 (1.15–1.46)

Newly initiated zolpidem-only

usersd
3.04

(1.70–5.46)

2.10 (1.13–3.91) 2.94 (1.63–5.29) 2.27 (1.21–4.24)

Newly initiated zopiclone-only

usersd
2.04

(1.07–3.89)

1.48 (0.75–2.90) 1.85 (0.97–3.52) 1.50 (0.76–2.94)

Newly initiated zolpidem and

zopiclone usersd
–e –e –e –e

Occasional zolpidem-only usersf 1.21

(0.95–1.56)

1.15 (0.89–1.49) 1.13 (0.88–1.46) 1.10 (0.85–1.42)

Occasional zopiclone-only usersf 1.39

(1.09–1.77)

1.27 (0.99–1.64) 1.33 (1.04–1.70) 1.25 (0.97–1.61)

Occasional zolpidem and

zopiclone usersf
2.19

(0.67–7.19)

2.27 (0.69–7.47) 2.07 (0.62–6.85) 2.14 (0.65–7.08)

Frequent zolpidem-only usersg 2.49

(1.79–3.44)

1.93 (1.34–2.77) 2.09 (1.50–2.93) 1.77 (1.22–2.56)

Frequent zopiclone-only usersg 2.54

(1.91–3.38)

1.97 (1.42–2.73) 2.19 (1.64–2.93) 1.85 (1.33–2.58)

Frequent zolpidem and zopiclone

usersg
3.42

(1.96–5.95)

2.45 (1.36–4.41) 2.81 (1.59–4.96) 2.20 (1.21–4.00)

Data are presented as odds ratio (95% confidence interval)
a Matched by sex, month and year of birth, and place of residence; adjusted for marital status, occupation, weighted Charlson Comorbidity

Index, total number of different medications dispensed (excluding zolpidem, zopiclone, benzodiazepines, and opioid analgesics) within

1–30 days prior to index date
b Within 1–30 days prior to index date
c Within 1–180 days prior to index date
d Dispensation of one or more zolpidem or zopiclone prescriptions within 1–30 days, but none within 31–180 days prior to index date
e Estimates cannot be obtained because of very few observations (n cases = 0, n controls = 1)
f Dispensation of one to two zolpidem or zopiclone prescriptions within 31–180 days, or dispensation of one zolpidem or zopiclone prescription

within 1–30 days and another within 31–180 days prior to index date
g Dispensation of three or more zolpidem or zopiclone prescriptions within 1–180 days with at least one dispensation being made within

31–180 days prior to index date
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difficulties in the elderly, the so-called ‘paradoxical

effects’ [56]. Thus, it is plausible that such adverse events

could influence the risk of RTCs among frequent users, as

anxiety can affect driving performance [57], and sleep

difficulties have also been associated with impaired driving

and with road traffic injuries [53, 58].

This study has various strengths. First, unlike previous

studies that investigated the effects of zolpidem and zopi-

clone rather superficially [19–21, 23–27], we focused this

study exclusively on these drugs, using distinct exposure

categories to help understand the risks according to periods

of use. Second, we conducted analyses using a relatively

large nationally representative sample by means of two

strong epidemiological designs that allowed us to thor-

oughly control for potential confounders; we were able to

control for many relevant factors in the matched case–

control study and nearly all time-invariant confounders in

the case–crossover design, including driving behaviour,

which is unlikely to have changed within the same indi-

vidual, as the case and control periods were rather close to

each other. Finally, we were able to assess the separate and

combined effect of both drugs studied.

Despite its strengths, this study also has some limita-

tions. In spite of the relatively large sample analysed, we

still faced sample size limitations in specific subgroups,

especially among combined zolpidem and zopiclone users,

which can explain the lack of statistical significance of

some estimates (i.e. occasional combined zolpidem and

zopiclone users in single-vehicle crashes). Given this kind

of limitation, we were also unable to compute the risk for

the newly initiated combined zolpidem and zopiclone users

in single-vehicle crashes. Another limitation is the use of

dispensation as a proxy of actual intake, which could lead

to non-differential exposure misclassification biasing the

estimates towards the null. There was also no information

on dosage, precluding comparisons with other studies [20].

Yet, we are aware that, in Sweden, zolpidem is available

only in 10 or 5 mg [59] and zopiclone in 7.5 or 5 mg [60]

doses. We also had no information on insomnia, the main

indication for prescription of zolpidem or zopiclone. As a

result, it was not possible to distinguish between the effects

of the medications and those of the underlying medical

conditions (i.e. confounding by indication).

Further research should focus on determining the extent

to which dosage plays a role in the associations reported

here. Also, future studies should assess potential epidemi-

ological interactions between benzodiazepine, opioids, and

zolpidem and zopiclone using appropriate designs.

5 Conclusions

Zolpidem and zopiclone are the preferred non-benzodi-

azepine medications to treat insomnia, as they are believed

to have a less dangerous risk profile. However, the results

of this study suggest that both new initiation and frequent

exposure to these drugs, either when used separately or in

combination, can expose older adult drivers to an increased

risk of RTCs. It is possible that the associations found here

were influenced by potentially transient and cumulative

effects of the medications on driving performance and

consequently on the risk of RTCs.

Awareness among prescribing physicians regarding the

potential risks of these medications should be raised so

patients can be informed. However, it is important to keep

in mind that decisions made when prescribing medications

need to be based on a consideration of the potential con-

sequences of leaving patients untreated as well as their

mobility requirements.

Table 4 Crude and adjusted odds ratios for all and single-vehicle crashes in older adult drivers following newly initiated zolpidem or zopiclone

treatment, stratified by time since start of treatment (case-crossover analysis)

Hazard perioda All crashes Single crashes

f10
b f01

b Crude Adjustedc f10
b f01

b Crude Adjustedc

1–28 218 207 1.05 (0.87–1.27) 1.03 (0.85–1.25) 52 29 1.79 (1.13–2.82) 1.78 (1.12–2.81)

1–7 62 46 1.34 (0.92–1.97) 1.29 (0.88–1.91) 19 9 2.11 (0.95–4.66) 2.20 (0.98–4.92)

8–14 56 62 0.90 (0.62–1.29) 0.91 (0.63–1.30) 16 6 2.66 (1.04–6.81) 2.66 (1.04–6.81)

15–21 51 53 0.96 (0.65–1.41) 0.97 (0.66–1.44) 13 8 1.62 (0.67–3.92) 1.66 (0.68–4.03)

22–28 69 57 1.21 (0.85–1.71) 1.17 (0.82–1.67) 11 7 1.57 (0.60–4.05) 1.50 (0.58–3.90)

Data are presented as odds ratio (95% confidence interval) unless otherwise indicated
a Days prior to crash
b Frequency of discordant matched pairs: (10) exposed in case period and unexposed in control period, (01) unexposed in case period and

exposed in control period
c Adjusted for newly initiated treatment of benzodiazepines and opioid analgesics
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and Joel Monárrez-Espino have no conflicts of interest.

Open Access This article is distributed under the terms of the

Creative Commons Attribution-NonCommercial 4.0 International

License (http://creativecommons.org/licenses/by-nc/4.0/), which per-

mits any noncommercial use, distribution, and reproduction in any

medium, provided you give appropriate credit to the original

author(s) and the source, provide a link to the Creative Commons

license, and indicate if changes were made.

References

1. Johnell K, Fastbom J. Comparison of prescription drug use

between community-dwelling and institutionalized elderly in

Sweden. Drugs Aging. 2012;29:751–8.

2. Gunja N. The clinical and forensic toxicology of Z-drugs. J Med

Toxicol. 2013;9:155–62.

3. Johnell K, Fastbom J. The use of benzodiazpines and related

drugs amongst older people in Sweden: associated factors and

concomitant use of other psychotropics. Int J Geriatr Psychiatry.

2009;24:731–8.

4. Hausken AM, Furu K, Skurtveit S, Engeland A, Bramness JG.

Starting insomnia treatment: the use of benzodiazepines versus

z-hypnotics. A prescription database study of predictors. Eur J

Clin Pharmacol. 2009;65:295–301.

5. Bertisch SM, Herzig SJ, Winkelman JW, Buettner C. National

use of prescription medications for insomnia: NHANES

1999-2010. Sleep. 2014;37:343–9.

6. Alessi-Severini S, Bolton JM, Enns MW, Dahl M, Collins DM,

Chateau D, et al. Use of benzodiazepines and related drugs in Mani-

toba: a population-based study. CMAJ Open. 2014;2(4):E208–16.

7. Dolder C, Nelson M, McKinsey J. Use of non-benzodiazepine

hypnotics in the elderly: are all agents the same? CNS Drugs.

2007;21:389–405.

8. Hetland AJ, Carr DB, Wallendorf MJ, Barco PP. Potentially

driver-impairing (PDI) medication use in medically impaired

adults referred for driving evaluation. Ann Pharmacother.

2014;48:476–82.

9. Stranks EK, Crowe SF. The acute cognitive effects of zopiclone,

zolpidem, zaleplon, and eszopiclone: a systematic review and

meta-analysis. J Clin Exp Neuropsychol. 2014;36:691–700.

10. Verster JC, Veldhuijzen DS, Patat A, Olivier B, Volkerts ER.

Hypnotics and driving safety: meta-analyses of randomized

controlled trials applying the on-the-road driving test. Curr Drug

Saf. 2006;1:63–71.

11. Bocca M-L, Marie S, Lelong-Boulouard V, Bertran F, Couque C,

Desfemmes T, et al. Zolpidem and zopiclone impair similarly

monotonous driving performance after a single nighttime intake in

aged subjects. Psychopharmacology (Berl). 2011;214:699–706.

12. Roth T, Eklov SD, Drake CL, Verster JC. Meta-analysis of on-

the-road experimental studies of hypnotics: effects of time after

intake, dose, and half-life. Traffic Inj Prev. 2014;15:439–45.

13. Leufkens TRM, Vermeeren A. Zopiclone’s residual effects on

actual driving performance in a standardized test: a pooled

analysis of age and sex effects in 4 placebo-controlled studies.

Clin Ther. 2014;36:141–50.

14. Leufkens TRM, Ramaekers JG, De Weerd AW, Riedel WJ,

Vermeeren A. On-the-road driving performance and driving-re-

lated skills in older untreated insomnia patients and chronic users

of hypnotics. Psychopharmacology (Berl). 2014;231:2851–65.

15. Leufkens TRM, Ramaekers JG, De Weerd AW, Riedel WJ,

Vermeeren A. Residual effects of zopiclone 7.5 mg on highway

driving performance in insomnia patients and healthy controls: A

placebo controlled crossover study. Psychopharmacology (Berl).

2014;231:2785–98.

16. Routledge PA, O’Mahony MS, Woodhouse KW. Adverse drug

reactions in elderly patients. Br J Clin Pharmacol. 2004;57:121–6.

17. Bénard-Laribière A, Noize P, Pambrun E, Bazin F, Verdoux H,

Tournier M, et al. Comorbidities and concurrent medications

increasing the risk of adverse drug reactions: prevalence in

French benzodiazepine users. Eur J Clin Pharmacol.

2016;72:869–76.

18. Monárrez-Espino J, Laflamme L, Rausch C, Elling B, Möller J.
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41. Santamariña-Rubio E, Pérez K, Olabarria M, Novoa AM. Gender

differences in road traffic injury rate using time travelled as a

measure of exposure. Accid Anal Prev. 2014;65:1–7.

42. Johnell K, Fastbom J. Gender and use of hypnotics or sedatives in

old age: a nationwide register-based study. Int J Clin Pharm.

2011;33:788–93.

43. Doi Y, Minowa M, Okawa M, Uchiyama M. Prevalence of sleep

disturbance and hypnotic medication use in relation to sociode-

mographic factors in the general japanese adult population.

J Epidemiol. 2000;10:79–86.

44. Ohayon MM. Epidemiology of insomnia: What we know and

what we still need to learn. Sleep Med Rev. 2002;6:97–111.
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