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Benzodiazepine receptor agonists (BRZAs), including 
benzodiazepines and Z-drugs, are primarily indicated 
for the treatment of anxiety or sleep disorders; clini-

cal practice guidelines recommend treatment for short dura-
tions (less than 4 wk) in adults (age 20–64 yr). Use of BZRAs 
outside of these recommendations is considered “potentially 
inappropriate” given the increased potential for adverse 
effects.1–3 Extended use of BZRAs can lead to depression, 
memory loss, addiction and even death.4–6 A number of evi-
dence-based guidelines that have identified potentially inap-
propriate medications in patients 65 years of age or older 
recommend against the use of BZRAs in this patient popula-
tion because of the increased risk of delirium, falls, hip frac-
tures, cognitive impairments and avoidable emergency 
department visits.7–9 In addition, sedative hypnotics account 
for a substantial number of avoidable emergency department 
visits and hospital admissions in older adults.9

As a result, national and provincial initiatives in Canada 
have aimed at reducing inappropriate BZRA prescribing as 
well as decreasing the potential for harm.10–12 However, 
studies evaluating trends in inappropriate use and prescrib-
ing have been limited and do not reflect the expected out-
comes of these initiatives. In British Columbia, nearly 1 in 
10 older adults filled prescriptions for a benzodiazepine or 

benzodiazepine-like sedative with more than a 90-day supply 
in 2013.13 In this population, these medications were used in 
the long term more frequently than any other potentially inap-
propriate medications.14 Between 1996 and 2012, the inci-
dence of benzodiazepine use decreased considerably among 
older adults in Manitoba, but the use of Z-drugs increased and 
the prevalence of benzodiazepine use remained higher in older 
adults than in any other age group.15 Moreover, dose escala-
tions were common in those under the age of 44 years from 
1996 to 2008.16 In Ontario, benzodiazepine prescribing 
decreased in those 65 years of age or older between 2002 and 
2016, but prevalence remained high (around 12% of older 
adults).17,18 However, as a result of new legislation imple-
mented in 2011, inappropriate benzodiazepine prescribing 
decreased by 50%.11 Additionally, a cross-sectional study of 
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Background: There is increasing concern over the use of benzodiazepine receptor agonists (BZRAs). The objective of this study 
was to describe BZRA dispensations in the province of Alberta in 2015 according to age, sex and appropriateness.

Methods: A population-based descriptive study of people 10 years of age or older with at least 1 BZRA dispensation in Alberta, Can-
ada, between Jan. 1 and Dec. 31, 2015, was conducted. Prevalence of BZRA use, characteristics of BZRAs dispensations, use at 
the individual level and appropriateness were determined.

Results: A total of 372 870 people received 2 463 585 BZRA dispensations in Alberta in 2015. Prevalence of use at the population 
level was 10% overall, increased with age (p value for trend < 0.001) and was consistently highest among females. Twenty percent 
of patients used both Z-drugs and benzodiazepines. BZRA users had an average of 7 dispensations (standard deviation [SD] 20), 
137 days of use overall (SD 123) and a maximum period of consecutive use of 90 days (SD 95). Days of consecutive use were 
highest among those aged 65 years or older (126 d). A total of 62 795 (17%) people used more than 1 distinct BZRA ingredient 
concurrently and 10% had 3 or more distinct prescribers.

Interpretation: The prevalence of BZRA use was high and a substantial proportion of use appeared to be potentially inappropriate. 
This study supports the need for continued monitoring for the prescribing and use of these medications at the population level.
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benzodiazepines dispensed to Canadians 65 years of age or 
older in 2013 found that prevalence varied substantially from 
province to province; Alberta was found to have one of the 
lowest prescribing rates (well below the national average) while 
Quebec had the highest.19 A study of benzodiazepine use in all 
Quebec residents over the age of 65 years found that the mean 
duration of uninterrupted use was 80 days, and 8% of seniors 
in that province filled 2 or more prescriptions concurrently.20

Given the widespread and potentially inappropriate use of 
these medications across Canada, the variations in prescribing 
observed between provinces and the fact that Alberta imple-
mented strong legislation around the prescribing of BZRAs in 
2015, the objective of this study was to describe dispensations 
of BRZAs for all people in the province of Alberta in 2015.

Methods

Study population
Our study cohort included people 10 years of age or older 
who were dispensed at least 1 BZRA drug in an Alberta com-
munity pharmacy between Jan. 1 and Dec. 31, 2015.

Data sources
Data from Alberta’s Pharmaceutical Information Network 
(PIN)21 were used for the analysis. PIN data include all dis-
pensing records from community pharmacies, thus providing 
comprehensive data on all medication dispensations (from all 
prescriber types) occurring in the province outside of the hos-
pital setting. Information on the dispensed medication (drug 
identification number [DIN], dispensing date, quantity, days 
supply, strength, medication name, instructions), patient 
information (unique patient identifier, age, sex) and prescriber 
information (licence number, prescriber type) were available. 
The validity of the days supply variable for each dispensation 
was evaluated to ensure it fell within a plausible clinical range 
on the basis of the defined daily dose for a single dispensation; 
less than 0.01% of the days supply values were deemed to be 
outside of this range and a new days supply value was imputed 
on the basis of a person’s historical average for a particular 
ingredient. All unique identifiers (patient, prescriber) were 
anonymized for the purposes of this analysis. Information on 
the size and age/sex distribution of the Alberta population in 
2015 was obtained from Alberta Vital Statistics.22

Study measures
All BZRAs dispensations were identified in the PIN data and 
classified according to ingredient (alprazolam, bromazepam, 
chlordiazepoxide, clobazam, clonazepam, diazepam, fluraze-
pam, lorazepam, midazolam, nitrazepam, oxazepam, temaze-
pam, triazolam, zolpidem and zopiclone) and drug class (ben-
zodiazepines or Z-drugs). For each BZRA dispensation a 
patient received, the number of defined daily doses was calcu-
lated on the basis of the strength, quantity and days supply as 
well as the defined daily dose for each ingredient.23 Although 
we were not able to directly observe utilization of these medi-
cations by patients, we considered “use” as any day on which a 
patient had a supply of BZRA medication on hand on the 

basis of the date and days supply of each dispensation. Using 
information on the ingredient dispensed, dispensing date, 
days supply and quantity for each BZRA dispensation, we cal-
culated a binary variable for each BZRA ingredient on each 
day of follow-up for an individual patient, to determine 
whether they had a supply of that particular ingredient on 
hand on a given day. We were then able to calcualte how 
many unique BZRA ingredients patients were using (i.e., 
whether they were concurrently using 2 unique ingredients at 
the same time), as well as the number of days a patient had a 
supply of BZRAs on hand. A consecutive period of BZRA use 
was any period of time in which a patient had an uninter-
rupted supply of BZRA medications; if a patient had at least a 
3-day gap in their supply, this indicated the end of a consecu-
tive period of use. We also conducted a sensitivity analysis to 
determine the impact that extending this gap to 7 days would 
have on our findings related to days of consecutive use.

Our choice of indicators of potentially inappropriate use 
was informed by Canadian clinical practice guidelines for anx-
iety and insomnia, the criteria of Choosing Wisely Canada 
and the Beers and STOPP (Screening Tool of Older Persons’ 
Prescriptions) criteria7,10,24 and defined as follows: (a) use of 
BZRAs for more than 30 consecutive days, (b) use of more 
than 1 BZRA ingredient concurrently and (c) the prescription 
of BZRAs to the same patient by multiple prescribers.

Statistical analyses
A number of descriptive analyses were conducted. First, the 
prevalence of BZRA use per 100 residents in 2015 was deter-
mined for 10-year age groups and by sex. Characteristics of 
BZRA dispensations, stratified by drug class (benzodiazepines 
v. Z-drugs), were determined according to prescriber type, 
days supply and number of defined daily doses. Individual-level 
indicators of potentially inappropriate BZRA use and prescrib-
ing were calculated by age category (youth [10–19 yr], adults 
[20–64 yr], older adults [≥ 65 yr]) and sex. The top 5% of users 
for each patient-level indicator were also determined. We cal-
culated p values for trend according to age and sex for a num-
ber of indicators, but only for descriptive purposes; statistical 
testing of a specific hypothesis was not conducted. All analyses 
were performed using Stata/SE version 14.0 (Stata Corp.).

Ethics approval
Ethics approval for this study was provided by the University 
of Alberta (ethics approval no. Pro00083807).

Results

Overall, 372 870 patients received 2 463 585 BZRA dispensa-
tions in 2015 from 11 944 distinct prescribers. The majority 
of users were female (63%) and the mean age was 54 years 
(standard deviation [SD] 21). In this study, 31% of patients 
were dispensed benzodiazepines alone, 49% were dispensed 
Z-drugs alone and 20% were dispensed both Z-drugs and 
benzodiazepines. On average, patients received 7 dispensa-
tions (SD 20) for a total of 137 days of use (SD 123) during 
the year-long study period.
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Ten percent of the Alberta population (over 10 yr of age) 
was dispensed a BZRA in 2015 and the prevalence of use 
steadily increased with age (p value for trend < 0.001) (Figure 1). 
While only 1 in 100 patients aged 10–19 years were using 
these medications, this proportion increased to 14 per 100 in 
patients aged 50–59 years and rose to 30 per 100 in those aged 
90 years or older. Prevalence of BZRA use was higher among 
females than among males for each age category (Figure 1). 
Overall, 13% of females were dispensed a BZRA in 2015 
compared with 8% of males (p < 0.001) (Appendix 1, available 
at www.cmajopen.ca/content/6/4/E678/suppl/DC1).

When we evaluated the characteristics of BZRA dispensa-
tions by drug class, we found that 44% were Z-drugs and 
56% were benzodiazepines. Characteristics were similar 
between drug classes. The average days supply for any BZRA 
dispensation was 27 days (SD 28): 23 days (SD 25) for benzo-
diazepines and 33 days (SD 30) for Z-drugs. Seventeen per-
cent of all dispensations (12% of benzodiazepines and 22% of 
Z-drugs) had a supply over 30 days. The average number of 
defined daily doses for BZRA dispensations overall was 1.0 
(SD 0.7); however, approximately 26% of dispensations were 
for 2 or more defined daily doses (Table 1).

When we evaluated potentially inappropriate BZRA use at 
the individual level according to age and sex, we found that 

characteristics were similar between males and females, but 
some indicators varied by age (Table 2). The average maxi-
mum period of consecutive use was 90 days (SD 95) overall 
and we observed increasing periods of consecutive use with 
increasing age (p value for trend < 0.001); while youth aged 
10–19 years had an average maximum period of consecutive 
use of 31 days (SD 48), this increased to 126 days (SD 102) in 
patients aged 65 years or older. Additionally, we found that 
71% of patients had a maximum period of consecutive use 
greater than 30 days. Most patients used 1 BZRA ingredient 
at a time; however, 17% of patients had 2 or more ingredi-
ents on hand concurrently. Concurrent use of multiple ingre-
dients was relatively similar across age categories. Lastly, we 
found that most patients were prescribed medications by 1 or 
2 prescribers (mean number of distinct prescribers 1.5, SD 
1.0); however, 4% had 4 or more prescribers. Patients aged 
20–64 years had more prescribers than youth and older adults 
(p < 0.001).

When we examined the top 5% of users for each patient-
level indicator of potentially inappropriate BZRA use, we 
found that these individuals had 22 or more dispensations in 
the year, 3 or more prescribers, 2 or more unique BZRA 
ingredients dispensed concurrently and 347 or more days of 
consecutive use.
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Figure 1: Prevalence of benzodiazepine receptor agonist (BZRA) use in Alberta by 10-year age group and sex in 2015.
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Interpretation

Overall, we found that 1 in 10 people over 10 years of age were 
dispensed a BRZA in 2015, with the highest prevalence of use 
among females and patients 65 years of age or older. Not only 
was prevalence of use high, the majority of individuals used 
these medications for more than 30 consecutive days. A sub-
stantial proportion of patients also used more than 1 distinct 
BZRA ingredient concurrently and had multiple prescribers.

Although some patients may need to stay on BZRAs for 
specific clinical reasons, most should use BZRAs for a short 
period of time only. Substantial efforts have been made by a 
number of organizations, including the Canadian Deprescrib-
ing Network, to provide physicians and patients with tools to 
support them in reducing inappropriate medication use and to 
provide specific guidance for deprescribing benzodiazepines.25 
Similarly, a cluster-randomized trial (Eliminating Medications 
Through Patient Ownership of End Results) demonstrated a 
27% benzodiazepine discontinuation rate with an intervention 
to engage older adults in discussing the harms of benzodiaze-
pine use with their physician and/or pharmacists, compared 

with a 5% reduction in the control group.26 Thus, effective 
tools do exist to taper and discontinue use of these medica-
tions in older adults, especially for insomnia. It should be 
acknowledged, however, that for many people it is very diffi-
cult to stop taking BZRAs.27,28 Informing patients about the 
potential for addiction and difficulty stopping these medica-
tions is probably warranted upon initiation of BZRAs. In 
Alberta, the College of Physicians & Surgeons supports the 
appropriate prescribing of BZRAs by linking members to 
resources, education and tools available through its website. 
Also, prescribing reports are provided to physicians that iden-
tify their patients who received BZRAs above certain thresh-
olds (i.e., age > 65 yr, dose > 2 defined daily doses, multiple 
BZRA ingredients and combination with opioids). These 
reports are reflective tools to help improve prescribing aware-
ness and build on data from Alberta’s prescription monitoring 
program.12 At the federal level, Health Canada issued guid-
ance on the dosing of Z-drugs in 2014, recommending that 
the initiation dose of zopiclone be reduced to 3.75 mg daily 
and that the maximum daily dose of zopiclone be reduced to 
7.5 mg in healthy people and to 5 mg in elderly people or 

Table 1: Characteristics of dispensations of benzodiazepine receptor agonists (BZRAs) 
stratified by drug class, 2015

Characteristic

All BZRAs, 
no. (%)*

n = 2 463 585

Benzodiazepines, 
no. (%)*

n = 1 391 169

Z-drugs, 
no. (%)*

n = 1 072 416

Prescriber type

Physician 2 392 459 (97.1) 1 363 278 (98.0) 1 029 181 (96.0)

Pharmacist 21 766 (0.9) 327 (0.02) 21 439 (2.0)

Dentist 8051 (0.3) 1829 (0.6) 222 (0.02)

Nurse practitioner 9694 (0.4) 3598 (0.3) 6096 (0.6)

Other 70 (–) 47 (–) 23 (–)

Unknown 31 545 (1.3) 16 090 (1.2) 15 455 (1.4)

Days supply†

Mean ± SD 27 ± 28 23 ± 25 33 ± 30

1–7 819 694 (33.3) 532 182 (38.3) 287 512 (26.8)

8–14 231 465 (9.4) 158 762 (11.4) 72 703 (6.8)

15–30 1 010 202 (41.1) 535 874 (38.5) 474 328 (44.2)

31–60 140 901 (5.7) 64 215 (4.6) 76 686 (7.2)

61–90 139 714 (5.7) 53 722 (3.9) 85 992 (8.0)

≥ 90 121 609 (4.9) 46 414 (3.3) 75 195 (7.0)

No. of defined daily doses†‡

Mean ± SD 1.0 ± 0.7 0.8 ± 0.8 1.2 ± 0.6

1 1 814 149 (73.6) 1 016 813 (73.1) 797 336 (74.4)

2 617 767 (25.1) 347 875 (25.0) 269 892 (25.2)

≥ 3 31 669 (1.3) 26 481 (1.9) 5188 (0.5)

Note: SD = standard deviation.
*Except where indicated otherwise.
†Standardized differences between benzodiazepines and Z-drugs for mean days supply and mean no. of defined daily 
doses are 0.36 d and 0.57 defined daily doses, respectively.
‡No. of defined daily doses was rounded to the nearest whole number.
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those with renal or liver failure. However, a recent review of 
benzodiazepine use at the population level in Canada pointed 
out that national prescription guidelines for benzodiazepines 
are lacking and that there is a clear need for reducing inappro-
priate use and related harm through improved evidence-based 
practices as well as monitoring and control.29

Prevalence of BZRA use in Alberta was similar to that in 
studies conducted in BC and Manitoba. A population-based 
examination of BZRA dispensations in Manitoba found that 
the prevalence of BZRA use for 2012 was about 1 user per 10 
residents,15 while in BC 8.4% of all residents were users of 
benzodiazepines. Moreover, in BC, 41% of all benzodiazepine 
users were defined as long-term users (i.e., they had at least 
100 days supply in the year).30 This was similar to our finding 
that 44% of Alberta users had a supply of BZRAs for at least 
120 days of the year. However, our results differed from those 
of a study of older Quebec residents in that fewer residents 
filled concurrent prescriptions in Quebec than in Alberta.20 
Additionally, a recent study of BC residents over the age of 
65 years found that women were more likely to receive inap-
propriate benzodiazepine prescriptions than men; however, 
we did not find differences in measures of potentially inap-
propriate use according to sex. Moreover, Black and col-
leagues observed substantial differences between provinces in 
the prevalence of use of BZRAs by older adults. The authors 
suggest that since access to BZRAs through public drug pro-
grams is generally similar across most provinces, utilization 

differences are probably driven by factors unrelated to for-
mulary listing, such as stricter policies around prescribing of 
these medications and mandated monthly clinical reviews of 
continued use.19

Our study was similar to others in that prevalence of use 
was higher among females than among males.13,15 Although 
additional studies are required to explore sex differences in 
prevalence of use, these differences may be explained in part 
by biological differences in the prevalence of conditions that 
are indications for BZRA treatment or differences in health 
services use such as the frequency of visits to health care pro-
viders. This population-based study had a number of impor-
tant strengths, including the analysis of data that provided a 
full picture of all BZRA dispensations by community pharma-
cies in the province. Additionally, measures of potentially 
inappropriate use were based on clinical practice guidelines 
for the treatment of insomnia and anxiety, as well as published 
criteria to identify potentially inappropriate prescribing. 
Given that use of these medications for more than 4 weeks at 
a time substantially increases the risk for adverse effects, it was 
important to gain a better understanding of this aspect of pre-
scribing and utilization in Alberta. Our results also provide 
evidence of the potential mechanisms underlying inappropri-
ate use of BZRAs that could be applicable to other Canadian 
provinces, pointing to future areas of potential focus for pro-
vincial prescription drug monitoring programs or quality 
improvement initiatives.

Table 2: Indicators of potentially inappropriate use of benzodiazepine receptor agonists (BZRAs) at the patient level according to 
age and sex

Overall
n = 372 870

Age category, yr, no. (%)* Sex, no. (%)*

10–19
n = 6550

20–64
n = 260 600

≥ 65
n = 105 720

Female
n = 234 140

Male
n = 138 725

Maximum period of consecutive use, d

Mean ± SD 90 ± 95 31 ± 48 77 ± 89 126 ± 102 91 ± 96 90 ± 94

≤ 30 106 603 (28.6) 4400 (67.2) 86 863 (33.3) 15 340 (14.5) 67 663 (28.9) 38 937 (28.1)

31–90 124 090 (33.3) 1555 (23.7) 93 894 (36.0) 28 641 (27.1) 76 949 (32.9) 47 140 (34.0)

91–120 44 575 (12.0) 228 (3.5) 25 073 (9.6) 19 274 (18.2) 28 199 (12.0) 16 376 (11.8)

≥ 121 97 602 (26.2) 267 (5.6) 54 770 (21.0) 42 465 (40.2) 61 329 (26.2) 36 272 (26.2)

Maximum no. of unique ingredients used concurrently

1 310 075 (83.2) 6040 (92.2) 214 385 (82.3) 89 650 (84.8) 193 179 (82.5) 116 891 (84.3)

2 55 072 (14.8) 482 (7.4) 39 899 (15.3) 14 691 (13.9) 35 847 (15.3) 19 225 (13.9)

≥ 3 7723 (2.1) 28 (0.4) 6316 (2.4) 1379 (1.3) 5115 (2.2) 2609 (1.9)

No. of distinct prescribers

Mean ± SD 1.5 ± 1.0 1.2 ± 0.6 1.5 ± 1.1 1.4 ± 0.8 1.5 ± 1.0 1.5 ± 10

1 265 620 (71.2) 5413 (82.6) 184 864 (70.9) 75 343 (71.3) 167 950 (71.7) 97 666 (70.4)

2 70 300 (18.9) 847 (12.9) 47 981 (18.4) 21 472 (20.3) 43 810 (18.7) 26 489 (19.1)

3 22 210 (6.0) 193 (3.0) 15 784 (6.1) 6233 (5.9) 13 645 (5.8) 8656 (6.2)

≥ 4 14 740 (4.0) 97 (1.5) 11 971 (4.6) 267 (2.5) 8735 (3.7) 6005 (4.3)

Note: SD = standard deviation.
*Except where indicated otherwise.
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Limitations
There are a number of limitations to keep in mind when 
interpreting the results of this study. First, we were only 
able to analyze dispensed medications; we do not know 
whether or not patients actually took them. While long-
term use can lead to tolerance, dependence and addiction,31 
making it likely that patients were actually taking dispensed 
medications, BZRAs are also known to carry a diversion 
risk. Moreover, although BZRAs are typically prescribed on 
an “as needed” basis, if a patient were not actually using the 
prescription dispensed to them the length of time between 
dispensations would probably increase, decreasing the like-
lihood of prolonged use. Therefore, if a patient has 2 differ-
ent ingredients on hand at once or visits the pharmacy to 
refill their prescription early, they are probably actually 
using their medications. This being said, we still cannot 
measure medication use directly by analyzing dispensing 
data, and this is a clear limitation. Second, we can only 
study potentially inappropriate utilization in this study, not 
truly inappropriate use, as we did not have access to detailed 
clinical information or the indication for BZRA use. For 
most adults, the primary indications are for sleep and anxi-
ety disorders, but these drugs can also be used in the treat-
ment of epilepsy, where chronic use may be entirely appro-
priate. However, at the population level, we would expect 
only a small proportion of individuals to use BZRAs for epi-
lepsy (0.4% of the Canadian population had epilepsy in 
2012).32 Additionally, clinical practice guidelines for the 
appropriate use of BZRAs typically apply to the adult popu-
lation alone. We have included people younger than 18 
years of age in our analysis as an increasing body of litera-
ture suggests that BZRAs are increasingly being abused by 
this age group. However, we acknowledge we are limited in 
our ability to draw conclusions about appropriate use in 
these individuals. Although the PIN database provides the 
first opportunity to study population-based community dis-
pensing in Alberta, it has not been used extensively for 
research purposes to date. Therefore, validation studies spe-
cifically evaluating the accuracy of the data set have yet to 
be published. Last, we did not investigate the impact of 
potentially inappropriate medication use on adverse health 
outcomes such as emergency department visits, hospital 
admisssions or falls; conducting this type of study would be 
an important next step in determining the burden associated 
with potentially inappropriate use of BZRAs.

Conclusion
The prevalence of BZRA use was high in our study, and a 
substantial proportion of use appeared to be potentially inap-
propriate. Interventions aimed at educating patients on the 
potential harms of these medications are required, as are con-
tinuing education, monitoring and other regulatory interven-
tions for prescribers. Prescribers must also continue to be 
provided with timely patient information to make treatment 
decisions, and continued monitoring of medication dispensing 
is critical to developing our understanding of this public 
health issue as it evolves over time.
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