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Introduction
Benzodiazepines (neuroscience-based nomenclature (NbN): pos-
itive allosteric modulators (GABA-A receptor, benzodiazepine 
site)) are a treatment for anxiety disorders (Baldwin et al., 2014; 
Katzman et al., 2014) and insomnia (Buscemi et al., 2007; 
Wilson et al., 2019) but are no longer considered the first-line 
treatment for either indication. However, benzodiazepine use 
remains widespread (Davies et al., 2018; Iaboni et al., 2016; 
Lader, 2011), especially in older adults (Davies et al., 2018; 
Iaboni et al., 2016; Olfson et al., 2015). In recent data from 
Ontario, the prevalence of benzodiazepine use in community-
dwelling older adults was 11% (Iaboni et al., 2016), with 60% 
using low doses (50% or less than the World Health Organization 
defined daily dose (DDD)), 25% using moderate doses (51–100% 
of the DDD) and 15% using high doses (greater than the DDD).

Regular benzodiazepine use over prolonged periods is contro-
versial due to concerns of tolerance (leading to progressive eleva-
tion of dose), dependence, risk of difficult withdrawal and other 
adverse events (Baldwin et al., 2013). While older adults are sus-
ceptible to anxiety disorders and sleep problems, the potential for 
adverse consequences associated with the use of benzodiazepines 
appears to be greater than in younger people, particularly in 
terms of increased risk of falls, fractures (Cumming and Le 

Couteur, 2003; Poly et al., 2020), cognitive impairment (Crowe 
and Stranks, 2018; Foy et al., 1995) and mortality (Saarelainen 
et al., 2018). Older adults are more likely to adopt a chronic pat-
tern of use (Fang et al., 2009; Kurko et al., 2015; Lader, 2011; 
Olfson et al., 2015; Takeshima et al., 2016), with one Canadian 
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study reporting a mean duration of use of 75.5 days in new ben-
zodiazepine users aged >66 years (Bartlett et al., 2004). Other 
studies have suggested that the duration of use may be even 
longer, especially in older adults with comorbid dementia where 
a mean duration of 2 years has been reported (Taipale et al., 
2015).

The issues of whether benzodiazepines should be prescribed 
to older adults and if so whether treatment should be restricted to 
a maximum duration have been addressed by numerous national 
and international guidelines and position statements. However, 
the controversy (Hood and Davies, 2019; Lader, 2011) is unre-
solved, and the guidelines have adopted contrasting positions. 
Some guidelines (American Geriatrics Society Beers Criteria, 
Update Expert Panel, 2019; Wilson et al., 2019) take the view 
that benzodiazepines should be avoided entirely in older adults. A 
second group, comprising both guidelines for adults and those 
specific to older adults (Andrews et al., 2018; Bandelow et al., 
2015; Conn et al., 2020; Katzman et al., 2014; National Institute 
for Health and Clinical Excellence, 2011), states that short-term 
benzodiazepine use may be acceptable for some indications. 
‘Short-term use’ is often not defined but at least one guideline 
suggests a maximum duration of around 4 weeks. A further group 
of guidelines (Baldwin et al., 2013; Baldwin et al., 2014; 
Bandelow et al., 2008; Canadian Psychiatric Association, 2006) 
acknowledge that time-limited use is preferable, but allow for 
long-term use in circumstances where the benefits outweigh the 
risks.

Various approaches have been used to characterize benzodi-
azepine adverse outcomes in both short- and long-term use. 
Randomized controlled trials have demonstrated the efficacy of 
certain anxiolytic benzodiazepines for anxiety disorders (Baldwin 
et al., 2014; Katzman et al., 2014); however, these trials have less 
utility for examining rarer adverse outcomes or outcomes that 
emerge after prolonged periods of exposure beyond the duration 
of the trial. In particular, randomized trials examining outcomes 
of long-term benzodiazepine use are uncommon; those that exist, 
such as a 3-year study of clonazepam versus paroxetine in panic 
disorder (Nardi et al., 2012), have a weaker design than the more 
numerous short-term trials. We are not aware of any randomized 
trials that specifically compare chronic and intermittent benzodi-
azepine use.

An alternative approach to characterizing benzodiazepine 
outcomes is the use of observational methods such as cohort 
studies. Most previous observational studies have not been 
derived from population-based data; rather, they have been 
derived from clinical settings, which affect their generalizability. 
A few recent population-based studies have focussed on a single 
outcome in relation to benzodiazepine exposure, such as those 
reporting the association of benzodiazepine use with hip frac-
tures (Requena et al., 2016), poor outcome after total hip replace-
ment in arthritis (Beziz et al., 2016) and Alzheimer’s disease 
(Billioti de Gage et al., 2014). A further study of this type found 
no association between benzodiazepine use and dementia/cogni-
tive decline (Gray et al., 2016).

Confounding by indication, whereby confounders are associ-
ated with both selection of treatment (such as a drug, dose level 
or indeed pattern of prescribing) and outcomes of interest, is a 
common problem in observational studies (Joffe, 2000; 
McMahon, 2003). Propensity score matching (Austin, 2011) may 
be used to reduce the impact of this phenomenon. However, the 

existing studies described above did not employ propensity score 
matching, instead controlling only for a more limited number of 
covariates. They may therefore be more susceptible to the effects 
of measured and unmeasured confounding, especially where 
characteristics present at baseline may feasibly be associated 
with both the choice of drug or prescribing pattern and adverse 
outcomes.

In this study, our aim was to characterize the risks associated 
with chronic versus intermittent benzodiazepine use in older 
adults after a new benzodiazepine prescription, with a follow-up 
period of up to 360 days using population-based administrative 
health care data. To achieve this, we compared a cohort of chronic 
benzodiazepine users with a propensity score matched cohort of 
intermittent benzodiazepine users. The primary outcome was 
falls resulting in hospital or emergency department (ED) visits, 
while the secondary outcomes included hip and wrist fractures, 
hospital/ED visits, long-term care (LTC) admission and mortal-
ity. We hypothesized that the risk of adverse outcomes is 
increased in chronic benzodiazepine users relative to intermittent 
users, and that this elevated risk would persist after adjustment 
for benzodiazepine dose.

Methods
The study was approved by the Research Ethics Board at the 
Centre for Addiction and Mental Health, Toronto.

Data sources

This retrospective population-based cohort study used linked 
administrative health care databases held by ICES (formerly 
known as the Institute for Clinical Evaluative Sciences), located 
in Ontario, Canada. The following databases are linked by 
unique, encrypted identifiers for all individuals eligible for pro-
vincial health insurance: (1) The Canadian Institute for Health 
Information Discharge Abstract database (DAD) and Same Day 
Surgery (SDS) database for information on hospitalizations and 
associated diagnoses; (2) The National Ambulatory Care 
Reporting System metadata (NACRS) for information on hospi-
tal and community-based ambulatory care; (3) The Ontario 
Health Insurance Plan (OHIP) physician billing database provid-
ing information on physician billing claims and associated diag-
noses; (4) The Ontario Mental Health Reporting System 
(OMHRS) for mental health-related admissions and associated 
diagnoses; (5) The Ontario Drug Benefit (ODB) database which 
contains details on prescription medications dispensed to patients 
>65 years; (6) The Registered Persons Database with demo-
graphic information on Ontario residents (RPDB); and (7) The 
Ontario Cancer Registry (OCR) and Activity Level Reporting 
(ALR) databases to identify patients with a diagnosis or treat-
ment of cancer.

Inclusion/exclusion criteria

The benzodiazepine-exposed cohort consisted of (1) community-
dwelling adults resident in Ontario, (2) aged 66 years or older, (3) 
with a first prescription for a benzodiazepine (index date) 
between January 2002 and December 2013. A 12-month look-
back period was used to confirm the incident benzodiazepine 
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prescription. Exclusion criteria were (1) LTC facility residence 
from 1 year before the index date to 180 days after index to focus 
on a community-dwelling population, (2) individuals receiving 
palliative care from 1 year before the index date to 180 days after 
index or a cancer diagnosis prior to 180 days after index, to 
exclude incident benzodiazepine use at end of life or for pallia-
tive care; and (3) documented diagnosis of drug abuse or specific 
indications for benzodiazepine use such as epilepsy or alcohol 
withdrawal in 5 years before the index date to 180 days after 
index, to focus on a population with likely incident benzodiaze-
pine use for anxiety or insomnia. We also excluded individuals 
who died or were admitted to hospital in the first 180 days after 
the index date as we would have incomplete information to cat-
egorize their drug exposure.

Exposure

To measure the pattern of benzodiazepine use, we used the 
‘days’ supply’ field, which captures the estimated number of 
days covered by the prescription in the ODB database. We 
divided the cohort into ‘chronic’ and ‘intermittent’ benzodiaz-
epine users based on their pattern of benzodiazepine prescrip-
tions received in the 180-day period after the first prescription 
(exposure period). Extrapolating from Kurko et al. (2015), 
who described marked variations in definitions of ‘long term’ 
or ‘chronic use’, we defined chronic use as a supply of 120 or 
more days within the 180-day exposure period. Intermittent 
use was thus defined as less than a 120-day supply prescribed 

in the 180-day exposure period. We calculated the mean daily 
benzodiazepine dose using lorazepam dose equivalents 
(LoDEq) using a table derived from Virani et al. (2012) over 
the exposure period, dividing the total dose dispensed by days’ 
supply.

Propensity matching

The propensity score matching technique (Austin, 2011) 
addresses confounding by indication by matching subjects on a 
combined score generated from variables that may be linked to 
the likelihood that an individual will receive a certain exposure, 
in this case the pattern of benzodiazepine prescribing. Propensity 
scores for chronic versus intermittent benzodiazepine prescribing 
were estimated using 24 covariates ascertained on cohort entry, 
across six domains as listed in Table 1.

One-to-two matching was conducted between the chronic and 
intermittent benzodiazepine users using nearest-neighbour 
matching on the basis of age (±1 year), sex, and propensity score 
within a calliper ±0.20 standard deviations of the score. Any 
chronic user who could not be matched to two intermittent users 
but could be matched to one was accepted along with their one 
matched intermittent user. There was no subsequent replacement. 
A C-statistic was calculated to evaluate the goodness of fit. 
Standardized differences were used to compare the prevalence of 
characteristics between the two groups, with an absolute stand-
ardized difference of >10% signifying a meaningful imbalance 
(Nguyen et al., 2017).

Table 1. List of variables used to construct propensity score.

Domain Variablesa

1 Health system use in a year prior to index date (a) Number of drugs prescribed in a year prior to index date (continuous variable)
(b) Inpatient hospitalization (discharge) in the past year
(c) ED visit in the past year
(d) Primary care visit in the past year
(e) Specialist visit in the past year

2 Clinical diagnoses (a) Chronic kidney disease
(b) Stroke
(c) Osteoporosis
(d) Diabetes mellitus
(e) Chronic obstructive pulmonary disease
(f) Congestive heart failure
(g) Hypertension
(h) Parkinson’s disease
(i) Dementia
(j) Affective disorder

3 Psychiatric health system use (in 5 years prior to 
index date)

(a) Mental health or addictions ED visit
(b) Mental health or addictions outpatient visit
(c) Mental health or addictions inpatient admission

4 Psychotropic drug use (in 180 days prior to index 
date)

(a) Antipsychotics
(b) Antidepressants
(c) Anticonvulsants
(d) Opioids

5 Other clinical variables (a) Fall in a year prior to index date
6 Income (a) Income by quintile (Nearest Census Based Neighbourhood Income Quintile 

(within CMA/CA)) (categorical variable)

ED: emergency department; CMA/CA: census metropolitan area/census agglomeration.
aBinary variables except where stated.
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Outcomes

After the 180-day exposure period used to define cohort member-
ship, individuals were followed either until the outcome of inter-
est occurred, or to the end of the follow-up period at 360 days. 
Individuals were censored at the point at which they ceased to 
meet the inclusion criterion for their cohort examining overlap-
ping 180-day periods at 90-day intervals. For example, chronic 
users were censored if they had two consecutive 180-day periods 
with less than 120 days’ supply prescribed. Intermittent users 
were censored if either they had a single 180-day period in which 
they received 120 days’ supply or more, or a single 180-day 
period for which they received no benzodiazepine supply. 
Individuals from either cohort were also censored at the point 
they met any of the criteria in exclusions (a) to (e) above, that is, 
receiving palliative care, LTC residence, cancer diagnosis, drug 
abuse, epilepsy, alcohol withdrawal, or death.

We measured the following endpoints during follow up: (1) 
fall-related ED or hospital visits (primary outcome), (2) fragility 
fractures (i.e. hip and wrist fractures), (3) hospitalizations or ED 
visits for any reason, (4) LTC admission and (5) death (see 
Supplementary Table 1 for detailed outcome definitions). Fall-
related emergency and hospital visits were selected as the pri-
mary outcome given that falls are a major cause of mortality, 
morbidity and disability in older adults (World Health 
Organization 2021) and have a large impact on health care costs 
(Florence et al., 2018). The association between medication 
exposure and falls is well-established (Leipzig et al., 1999) and 
medication-related falls are potentially preventable adverse 
events.

Data analyses

We estimated relative risk for each outcome during follow up for 
the propensity score matched chronic users against intermittent 
users by hazard ratios (HRs) calculated from Cox regression 
models. The proportional hazard assumption was tested using 
martingale residuals for each primary and secondary outcome.

Analyses were (1) unadjusted and (2) adjusted for mean daily 
benzodiazepine usage (in LoDEq) during the follow-up period. 
We did not adjust for sex or age group at entry (patients were 
matched on these variables), but instead undertook stratified 
analyses by sex and age group (i.e. 66–75, 76–85 and ⩾ 86 years 
at entry).

Results
In total, we identified 57,072 chronic benzodiazepine users for 
matching in a 1:2 ratio to a pool of 312,468 intermittent benzodi-
azepine users. In the matching process, 56,798 chronic users 
were matched to two intermittent users, and a further 243 could 
be matched to only one intermittent user, for a total of 113,989 
intermittent users included. This left 31 chronic users (0.05%) 
who could not be matched to an intermittent user were therefore 
not included in the analysis. The demographic characteristics of 
the two cohorts were similar and are presented in Table 2. The 
two groups were well-matched on all variables used in calculat-
ing propensity scores (C-statistic for goodness of fit = 0.603) with 
weighted standard difference of means between 0.00 and 0.03 in 
every case (Table 2).

Exposure period

During the 180-day exposure period (Table 3) used to define 
cohort membership, total benzodiazepine quantity prescribed in 
LoDEq was greater in the chronic user group (243.5 ± 208.1 mg 
vs 50.2 ± 63.7 mg, weighted standardized difference of 
mean = 1.3). Chronic users had benzodiazepines supplied for 
140.8 ± 29.9 days compared with 33.0 ± 24.2 days in intermittent 
users (Table 3). The mean daily benzodiazepine dose (total pre-
scribed divided by days supplied) was similar between the two 
groups (1.7 ± 1.4 mg LoDEq vs 1.6 ± 1.6 mg LoDEq, weighted 
standardized difference of mean = 0.07). In both cohorts, loraze-
pam was the most frequently prescribed benzodiazepine, with 
52.1% of chronic users and 59.6% of intermittent users being 
prescribed this drug.

Follow-up period

For the primary outcome of hospitalization/ED visit due to falls, 
there were 14.9 million days of follow up examined in the chronic 
user group and 23.1 million days in the intermittent user group. 
Days of follow up were similar in the secondary analyses, 
although the exact numbers varied depending on the occur-
rence of the outcome events. For the primary outcome of hos-
pitalization/ED visit due to falls, the mean number of days of 
follow up per person (Table 3) was higher in the chronic  
group (267.0 ± 92.8 days) than in the intermittent group 
(206.3 ± 66.8 days, weighted standardized difference of 
mean = 0.75). Chronic users were prescribed substantially greater 
daily benzodiazepine doses (in LoDEq) than were intermittent 
users in this period (1.1 ± 1.2 mg/day vs 0.11 ± 0.35 mg/day, 
weighted standardized difference of mean = 1.10). Unlike in the 
exposure period, the mean difference in daily doses considering 
only days for which benzodiazepines were actually prescribed in 
the follow-up period was substantially greater in the chronic 
users (1.6 ± 1.6 mg/day vs 0.42 ± 1.0 mg/day, weighted standard-
ized difference of mean = 0.89).

In both cohorts, individuals were censored prior to reaching 
the maximum possible follow up of 360 days most commonly for 
their pattern of benzodiazepine prescription ceasing to meet the 
criteria for either chronic or intermittent use. In the chronic 
cohort, 10.1% received no further benzodiazepines in the follow-
up period and were subject to censoring at the earliest opportu-
nity, after 180 days. In the intermittent group, 74.3% were subject 
to censoring at this time-point because no further benzodiaz-
epines being prescribed.

Outcomes

The primary outcome of hospitalization/ED visits due to falls 
occurred during the follow-up period in 2606 (4.6%) chronic 
users and 3592 (3.2%) intermittent users, representing a HR of 
1.13 (95% CI: 1.08 to 1.19; p < 0.0001) (Table 4). When stratify-
ing by sex (Table 4), the excess risk associated with chronic use 
was observed in both men (HR = 1.18, 95% CI: 1.08 to 1.29; 
p < 0.001) and women (HR = 1.12, 95% CI: 1.05 to 1.19; 
p < 0.001). When stratifying by age group (Supplementary Table 
2), increased risk in chronic users was observed in both the 
groups aged 66–75 years (HR = 1.10, 95% CI: 1.02 to 1.20; 
p = 0.020) and 76–85 years (HR = 1.18, 95% CI: 1.09 to 1.28; 
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Table 2. Description of hard matching on age and sex, and propensity score matching on a further 24 variables, showing unmatched and matched 
exposure groups, with standardized differences (unmatched) and weighted standardized difference of mean (matched) for each variable.

Unmatched Matched

Variable Chronic Intermittent Total Standardized 
difference

Chronic Intermittent Total WSDM

 N = 57,072 N = 312,468 N = 369,540 N = 57,041 N = 113,839 N = 170,880  

(a) Hard-matched variables
1. Age at index date
 Mean ± SD 74.82 ± 6.94 73.84 ± 6.52 73.99 ± 6.59 0.15 74.82 ± 6.93 74.81 ± 6.92 74.81 ± 6.92 0.00
 Median (IQR) 74 (69–80) 73 (68–78) 73 (68–78) 0.14 74 (69–80) 74 (69–80) 74 (69–80) 0.00
2. Sex
 Women 34,311 (60.1%) 203,056 (65.0%) 237,367 (64.2%) 0.10 34,291 (60.1%) 68,445 (60.1%) 102,736 (60.1%) 0.00
(b) Variables matched on propensity score
1. Health system use in the previous year prior to index
 Number of drugs prescribed in a year prior to index
  Mean ± SD 11.06 ± 6.73 9.93 ± 6.09 10.10 ± 6.20 0.18 11.05 ± 6.72 10.95 ± 6.70 10.99 ± 6.71 0.01
  Median (IQR) 10 (6–15) 9 (5–13) 9 (6–13) 0.17 10 (6–15) 10 (6–15) 10 (6–15) 0.01
  Inpatient admission in the 

previous year
11,372 (19.9%) 45,855 (14.7%) 57,227 (15.5%) 0.14 11,352 (19.9%) 22,569 (19.8%) 33,921 (19.9%) 0.00

 ED visit in the previous year 5839 (10.2%) 32,527 (10.4%) 38,366 (10.4%) 0.01 5834 (10.2%) 10,915 (9.6%) 16,749 (9.8%) 0.02
  Primary care visit in the 

previous year
55,599 (97.4%) 307,165 (98.3%) 362,764 (98.2%) 0.06 55,570 (97.4%) 110,847 (97.4%) 166,417 (97.4%) 0.00

  Specialist visit in the previ-
ous year

46,342 (81.2%) 258,233 (82.6%) 304,575 (82.4%) 0.04 46,314 (81.2%) 92,283 (81.1%) 138,597 (81.1%) 0.00

2. Comorbid clinical diagnoses
 Chronic kidney disease 3301 (5.8%) 13,676 (4.4%) 16,977 (4.6%) 0.06 3294 (5.8%) 6548 (5.8%) 9842 (5.8%) 0.00
 Stroke 2413 (4.2%) 9210 (2.9%) 11,623 (3.1%) 0.07 2404 (4.2%) 4869 (4.3%) 7273 (4.3%) 0.00
 Osteoarthritis 14,377 (25.2%) 89,101 (28.5%) 103,478 (28.0%) 0.08 14,370 (25.2%) 27,036 (23.7%) 41,406 (24.2%) 0.03
 Diabetes mellitus 14,145 (24.8%) 71,507 (22.9%) 85,652 (23.2%) 0.04 14,137 (24.8%) 27,603 (24.2%) 41,740 (24.4%) 0.01
 COPD 13,136 (23.0%) 61,367 (19.6%) 74,503 (20.2%) 0.08 13,124 (23.0%) 26,179 (23.0%) 39,303 (23.0%) 0.00
 CHF 6476 (11.3%) 24,974 (8.0%) 31,450 (8.5%) 0.11 6459 (11.3%) 13,307 (11.7%) 19,766 (11.6%) 0.01
 Hypertension 40,130 (70.3%) 217,851 (69.7%) 257,981 (69.8%) 0.01 40,104 (70.3%) 80,967 (71.1%) 121,071 (70.9%) 0.02
 Parkinson’s disease 1462 (2.6%) 4331 (1.4%) 5793 (1.6%) 0.08 1452 (2.5%) 2758 (2.4%) 4210 (2.5%) 0.00
 Dementia 3301 (5.8%) 11,371 (3.6%) 14,672 (4.0%) 0.10 3280 (5.8%) 6570 (5.8%) 9850 (5.8%) 0.00
 Affective disorder 29,138 (51.1%) 155,875 (49.9%) 185,013 (50.1%) 0.02 29,114 (51.0%) 57,634 (50.6%) 86,748 (50.8%) 0.01
3. Psychiatric health system use in the 5 years before index
  Mental health/addictions 

ED visit
1243 (2.2%) 5652 (1.8%) 6895 (1.9%) 0.03 1238 (2.2%) 2255 (2.0%) 3493 (2.0%) 0.01

  Mental health/addictions 
outpatient visit

30,278 (53.1%) 163,229 (52.2%) 193,507 (52.4%) 0.02 30,254 (53.0%) 59,799 (52.5%) 90,053 (52.7%) 0.01

  Mental health/addictions 
inpatient visit

673 (1.2%) 1676 (0.5%) 2349 (0.6%) 0.07 663 (1.2%) 1147 (1.0%) 1810 (1.1%) 0.01

4. Use of psychotropic drugs in 180 days before index date
 Antipsychotics 2293 (4.0%) 5361 (1.7%) 7654 (2.1%) 0.14 2272 (4.0%) 3968 (3.5%) 6240 (3.7%) 0.02
 Antidepressants 13,131 (23.0%) 43,533 (13.9%) 56,664 (15.3%) 0.24 13,106 (23.0%) 25,643 (22.5%) 38,749 (22.7%) 0.01
 Anticonvulsants 619 (1.1%) 2341 (0.7%) 2960 (0.8%) 0.04 615 (1.1%) 1163 (1.0%) 1778 (1.0%) 0.00
 Opioids 14,189 (24.9%) 64,340 (20.6%) 78,529 (21.3%) 0.10 14,174 (24.8%) 27,772 (24.4%) 41,946 (24.5%) 0.01
5. Falls in a year before index date
 Fall 3297 (5.8%) 15,302 (4.9%) 18,599 (5.0%) 0.04 3289 (5.8%) 6357 (5.6%) 9646 (5.6%) 0.01
6. Income
Nearest census-based neighbourhood income quintile (within CMA/CA)
 1 12,164 (21.3%) 60,326 (19.3%) 72,490 (19.6%) 0.05 12,156 (21.3%) 24,382 (21.4%) 36,538 (21.4%) 0.00
 2 12,302 (21.6%) 65,476 (21.0%) 77,778 (21.0%) 0.01 12,293 (21.6%) 24,453 (21.5%) 36,746 (21.5%) 0.00
 3 11,307 (19.8%) 62,078 (19.9%) 73,385 (19.9%) 0.00 11,302 (19.8%) 22,551 (19.8%) 33,853 (19.8%) 0.00
 4 10,866 (19.0%) 60,999 (19.5%) 71,865 (19.4%) 0.01 10,861 (19.0%) 22,026 (19.3%) 32,887 (19.2%) 0.01
 5 10,433 (18.3%) 63,589 (20.4%) 74,022 (20.0%) 0.05 10,429 (18.3%) 20,427 (17.9%) 30,856 (18.1%) 0.01

WSDM: weighted standardized difference of mean; SD: standard deviation; IQR: interquartile range; ED: emergency department; COPD: chronic obstructive pulmonary 
disease; CHF: congestive heart failure; CMA/CA: census metropolitan area/census agglomeration.
For the unmatched exposure groups, standardized differences for binary and continuous variables were calculated as described in Austin (2009).

p < 0.0001), but not in the oldest group aged 86 years or more 
(HR = 1.08, 95% CI: 0.96 to 1.22; p = 0.200).

For most of the secondary outcomes, with the one exception 
of wrist fractures, chronic benzodiazepine use again conferred 

significantly greater risk than intermittent use. Chronic users 
were at elevated risk for hip fracture (HR = 1.27, 95% CI: 1.10 to 
1.48; p = 0.002), LTC admission (HR = 1.36, 95% CI: 1.25 to 
1.47; p < 0.0001), hospital/ED visits for any reason (HR = 1.12, 
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Table 4. Hazard ratios for outcomes, comparing chronic benzodiazepine users (n = 57,041) and intermittent benzodiazepine users (n = 113,839) 
matched in a 1:2 ratio on age, sex and propensity score in Ontario population aged ⩾ 66 years at entry, for a follow-up period of up to 360 days, 
with stratification by sex.

 Unadjusted analysis Adjusted for mean daily benzodiazepine usage (in LoDEq) during 
the follow-up period

Hazard 
ratio

95% Lower con-
fidence limit for 
hazard ratio

95% Upper  
confidence limit 
for hazard ratio

p-value Hazard ratio 
(adjusted)

95% Lower 
confidence limit 
for hazard ratio 
(adjusted)

95% Upper 
confidence limit 
for hazard ratio 
(adjusted)

p-value for 
adjusted 
analysis

Primary outcome
 Fall-related ED or 
hospital visit

1.13 1.08 1.19 <0.0001 1.08 1.02 1.14 0.0124

  Women 1.12 1.05 1.19 0.0005 1.04 0.97 1.11 0.3064
  Men 1.18 1.08 1.29 0.0004 1.15 1.03 1.27 0.0094
Secondary outcomes
 Wrist fracture 1.08 0.92 1.27 0.3368 1.02 0.85 1.21 0.8683
  Women 1.14 0.95 1.36 0.1580 1.04 0.85 1.26 0.7123
  Men 0.89 0.61 1.31 0.5623 0.85 0.56 1.29 0.4556
 Hip Fracture 1.27 1.10 1.48 0.0017 1.25 1.06 1.48 0.0095
  Women 1.23 1.04 1.47 0.0193 1.16 0.96 1.41 0.1332
  Men 1.42 1.05 1.91 0.0221 1.50 1.08 2.09 0.0154
  Long-term care 

admission
1.36 1.25 1.47 <0.0001 1.32 1.20 1.45 < 0.0001

  Women 1.39 1.26 1.54 <0.0001 1.33 1.19 1.49 < 0.0001
  Men 1.29 1.12 1.49 0.0004 1.28 1.09 1.50 0.0026
 ED/hospital visits 1.12 1.10 1.14 <0.0001 1.04 1.02 1.06 0.0007
  Women 1.12 1.09 1.15 <0.0001 1.03 1.01 1.06 0.0214
  Men 1.11 1.08 1.15 <0.0001 1.05 1.01 1.08 0.0082
 Mortality 1.30 1.19 1.43 <0.0001 1.23 1.11 1.37 < 0.0001
  Women 1.19 1.04 1.36 0.0129 1.10 0.95 1.27 0.2245
  Men 1.40 1.24 1.60 <0.0001 1.39 1.21 1.61 < 0.0001

LoDEq: lorazepam dose equivalents (mg); ED: emergency department.
The sample consisted of 102,736 women and 68,144 men. Hazard ratios are appear in bold text where p<0.05.

Table 3. Comparison of benzodiazepine use between chronic and intermittent benzodiazepine users in the 180-day exposure period and follow-up 
period of up to 360 days.

 During the 180-day exposure period During the follow-up period

Chronic Intermittent WSDM Chronic Intermittent WSDM

N = 57,041 N = 113,839 N = 57,041 N = 113,839  

No. of days with dosage > 0 Mean ± SD 140.77 ± 29.90 33.01 ± 24.17 3.96 181.25 ± 128.85 18.78 ± 41.26 1.70
Total days’ supply of benzodiazepine Mean ± SD 156.64 ± 44.93 33.73 ± 25.52 3.36 203.26 ± 153.45 19.61 ± 43.81 1.63
Total dosage of benzodiazepine in 
LoDEq (mg)

Mean ± SD 243.49 ± 208.05 50.23 ± 63.65 1.26 337.80 ± 427.46 29.87 ± 87.18 1.00

Daily dose of benzo in LoDEq (de-
nominator is total days in period) 
(mg/day)

Mean ± SD 1.35 ± 1.16 0.28 ± 0.35 1.26 1.11 ± 1.23 0.11 ± 0.35 1.10

Daily dose of benzo in LoDEq (de-
nominator is days’ supply) (mg/day)

Mean ± SD 1.72 ± 1.37 1.62 ± 1.58 0.07 1.62 ± 1.63 0.42 ± 1.03 0.89

Duration of follow-up period (days) Mean ± SD N/A N/A N/A 267.01 ± 92.81 206.25 ± 66.81 0.75
Number (%) exposed to individual drugs during specified period
 Lorazepam 29,746 (52.1%) 67,842 (59.6%) 0.15 25,746 (45.1%) 17,060 (15.0%) 0.70
 Diazepam 1879 (3.3%) 6086 (5.3%) 0.10 1634 (2.9%) 1495 (1.3%) 0.11
 Clonazepam 10,294 (18.0%) 11,215 (9.9%) 0.24 9349 (16.4%) 3447 (3.0%) 0.46
 Oxazepam 9108 (16.0%) 12,808 (11.3%) 0.14 7937 (13.9%) 3529 (3.1%) 0.40
 Temazepam 7144 (12.5%) 8635 (7.6%) 0.16 6318 (11.1%) 2589 (2.3%) 0.36
 Other 6773 (11.9%) 11,733 (10.3%) 0.05 5817 (10.2%) 3500 (3.1%) 0.29

WSDM: weighted standardized difference of mean; SD: standard deviation; LoDEq: lorazepam dose equivalents (mg); N/A: not applicable.
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95% CI: 1.10 to 1.14; p < 0.0001) and mortality (HR = 1.30, 95% 
CI: 1.19 to 1.43; p < 0.0001). There was no significant effect of 
sex in the stratified analyses. Stratification by age yielded a dif-
ference between groups only for hip fractures whereby people 
aged 76–85 years at entry were the only age-band at a signifi-
cantly excess risk (Supplementary Table 2).

The proportional hazard assumption held for all primary and 
secondary outcomes.

Adjustment for benzodiazepine dose

Adjustment for mean benzodiazepine dose per day during follow 
up resulted in only small reductions in the HRs for chronic versus 
intermittent usage for each of the outcomes (Table 4). Once 
again, chronic benzodiazepine use was associated with signifi-
cantly greater risk of the primary outcome of hospital/ED visits 
due to falls (HR = 1.08, 95% CI: 1.02 to 1.14; p = 0.012) than was 
intermittent use in the observation period. As before, there were 
associations with four of the secondary outcomes (hip fractures 
(HR = 1.25, 95% CI: 1.06 to 1.48; p = 0.001), LTC admission 
(HR = 1.32, 95% CI: 1.20 to 1.45; p < 0.0001), hospital/ED visits 
for any reason (HR = 1.04, 95% CI: 1.02 to 1.06; p < 0.001) and 
mortality (HR = 1.23, 95% CI: 1.11 to 1.37; p < 0.0001)).

HRs were generally smaller in analyses stratified by age and 
sex. A recurrent finding in these analyses was that the risk con-
ferred by chronic benzodiazepine use was markedly stronger in 
men than in women despite women accounting for more than 
60% of the sample. For the primary outcome of hospital/ED vis-
its due to falls, chronic benzodiazepine use was associated with a 
HR of 1.15 in men (95% CI: = 1.03 to 1.27; p < 0.001) but there 
was no evidence of association in women (HR = 1.04, 95% CI: 
0.97 to 1.11; p = 0.306). Similarly, chronic benzodiazepine use 
conferred excess risk in men of secondary outcomes for hip frac-
ture (HR = 1.50, 95% CI: 1.08 to 2.09; p = 0.015) and mortality 
(HR = 1.39, 95% CI: 1.21 to 1.61; p < 0.0001) while there was no 
significant association for these outcomes in women. Only for 
LTC admission (men: HR = 1.28, 95% CI: 1.09 to 1.59; p = 0.003; 
women: HR = 1.33, 1.19 to 1.49; p < 0.0001) and hospital/ED 
visits for any reason (men: HR = 1.05, 95% CI: 1.01 to 1.08; 
p = 0.008; women: HR = 1.03, 95% CI: 1.01 to 1.06; p = 0.021) 
was chronic benzodiazepine use associated with excess risk in 
both sexes.

Stratified analyses by age group in dose-adjusted analyses 
yielded less consistent results (Supplementary Table 2). For the 
primary endpoint of hospital/ED visits due to falls, there were no 
associations with chronic benzodiazepine use in any of the three 
age groups (for 65–75 years: HR = 1.01, 95% CI: 0.92 to 1.10; 
p = 0.914; for 76–85 years: HR = 1.08, 95% CI: 0.98 to 1.18; 
p = 0.127; and for >86 years: HR = 0.98, 95% CI = 0.85 to 1.12; 
p = 0.766). However, for secondary endpoints, there was a greater 
risk in chronic compared with intermittent users aged 66–75 
years of LTC admission, hospital/ED visits and mortality, and a 
greater risk in chronic users aged 76–85 years of hip fracture and 
LTC admission only.

Discussion
A pattern of chronic benzodiazepine use in the 180 days after 
incident use, compared to intermittent benzodiazepine use, was 

associated with significantly greater risk for the primary outcome 
of hospital/ED visits due to falls, and for the secondary outcomes, 
hip fractures, hospitalizations/ED visits, LTC admission and 
death, but not for wrist fractures. The excess risk held true once 
the models were adjusted for mean daily benzodiazepine dose. 
This latter finding is important because we found that the mean 
daily benzodiazepines during the follow-up period was several-
fold higher in the chronic use group. The fact that the signifi-
cantly increased risk remained after adjustment for mean daily 
dose suggests that the pattern of chronic use of benzodiazepines 
carries risks relative to intermittent use which are independent of 
its association with greater drug exposure, assuming that the pro-
pensity score matching was able to encompass variables that 
explain any baseline difference between the groups.

These findings raise the question as to whether there might be 
a neurobiological explanation for excess risk of adverse out-
comes in chronic relative to intermittent users. Benzodiazepine 
use over time is associated with biological changes in key chemi-
cal systems with which benzodiazepines interact. Suggested 
mechanisms (Bateson, 2002) include downregulation in the num-
ber of GABA-A benzodiazepine receptors with prolonged use, 
uncoupling of receptor binding and the subsequent impact on 
GABA, regulation of protein degradation, internalization and 
synthesis, which might result in switching of specific subunits in 
the GABA-A benzodiazepine receptor over time (Lorenz-Guertin 
et al., 2019; Tanay et al., 2001) and effects on mRNA synthesis or 
degradation. Any of these changes may be associated with 
increased propensity for adverse effects. It is possible that such 
changes occur more readily when benzodiazepine exposure is 
chronic and regular, than when exposure is intermittent and spo-
radic. Drug accumulation may be a factor contributing to adverse 
outcomes associated with chronic benzodiazepine use. Older 
adults are at risk of experiencing benzodiazepine accumulation if 
age-related pharmacokinetic changes which prolong drug half-
life, such as increased volume of distribution, co-occur with 
reduced clearance of hepatically metabolized long-acting benzo-
diazepines including diazepam (Greenblatt et al., 2020) and 
nitrazepam. Accumulation is more likely to occur with chronic 
rather than intermittent drug use.

A second interesting finding of this study is that chronic ben-
zodiazepine use appears to confer markedly greater risk of 
adverse outcomes relative to intermittent use in men than is the 
case in women. This was true for the primary endpoint of hospi-
tal/ED visits due to falls and also for three of the five secondary 
outcomes (hip fractures, hospital/ED visits for any reason, and 
mortality). Register-based studies (Davies et al., 2018; Huerta 
et al., 2016; Olfson et al., 2015) report consistently that the popu-
lation prevalence of benzodiazepine prescribing is 1.5 to 2 times 
higher in women than in men. There are also systematic differ-
ences between men and women who are prescribed benzodiaz-
epines which have been previously described (Morgan et al., 
2016) and are observed in our cohort, namely, more chronic 
health issues including vascular disease in men, and more mental 
health problems and osteoporosis in women. Sex-specific effects 
in psychopharmacological systems such as GABA-mediated 
neurotransmission are receiving increased attention (Bolea-
Alamanac et al., 2018). One neuroimaging study has reported 
that women had greater GABA-A benzodiazepine receptor bind-
ing availability than men, a measure that was associated with 
nicotine craving and pain sensitivity (Esterlis et al., 2013). 
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Genetic polymorphisms relating to GABA-A receptor subunit 
expression and the phenotype of substance use disorders have 
been described with associations in women only (Lin et al., 
2003). In animal models, literature has developed on sex differ-
ences in the expression of certain GABA-A benzodiazepine 
receptor subunits in specific brain areas such as somatosensory 
thalamus and cortex in control rats (Li et al., 2007). We are una-
ble to offer a biological link between these observations and the 
present finding that in older adults chronic compared with inter-
mittent benzodiazepine use carries excess risk of certain out-
comes in men only. However, evidence on sex-specific 
differences in receptor availability or subunit expression and dis-
tribution makes it plausible that changes occurring with chronic 
benzodiazepine use might exacerbate the impact on the GABA-
benzodiazepine system, and thereby on adverse outcomes, in one 
sex preferentially. Future studies can explore the question of sex 
differences in risks associated with benzodiazepine use by devel-
oping cohorts matched on the propensity of both receiving a ben-
zodiazepine and being a male.

Strengths of the study are that it has a large, population-based 
sample that provides adequate numbers, including supporting the 
stratified analyses for sex described above. Propensity score 
matching based on 24 variables in six distinct categories to 
reduce risk of confounding by indication is a further strength. 
The study has some potential weaknesses which need to be 
acknowledged. Most fundamentally, as this is a comparison of 
two patterns of benzodiazepine use, it cannot elucidate the risks 
of benzodiazepines versus no treatment and therefore does not 
allow us to judge the merit of guidelines which advises avoiding 
benzodiazepines entirely in older adults. In those analyses where 
we do not find a difference between chronic and intermittent use, 
we are unable to draw a comparison to no treatment, that is, to 
say whether these two prescribing patterns are equally safe or 
equally dangerous compared to no benzodiazepine. While we 
have accounted for many potential confounding variables through 
hard matching for age group and sex, and made use of a robust 
propensity score matching approach, the possibility of residual 
confounding remains as propensity score matching can only be 
undertaken on observable variables. The ODB database includes 
all available benzodiazepines but does not allow the possibility to 
examine the use of the related class of Z-drugs. In Ontario, only 
zopiclone is commonly prescribed, but is not reimbursed by the 
ODB so our analyses cannot take account of this ‘benzodiaze-
pine-like’ drug. A further issue is the criteria we have used to 
define ‘chronic’ and ‘intermittent’ users. In selecting a cut-off of 
benzodiazepine prescriptions for at least 120 days during the 180-
day exposure period, we believe that we chose a threshold which 
took account of previous work (Kurko et al., 2015) and has face-
validity for chronic use, but we cannot be certain that this cut-off 
is underpinned biologically in terms of differentiating individuals 
who are likely to have neurochemical changes resulting from 
their benzodiazepine use from those who likely will not. Note, 
however, that the two groups had very different mean exposure to 
benzodiazepines in the exposure period (140 vs 33 days out of 
180 days) so appear to be two fairly distinct cohorts. We also 
incorporated rules for removing or ‘censoring’ individuals over 
time when they ceased to meet the criteria for ‘chronic’ or ‘inter-
mittent’ use, but again the extent to which these definitions map 
on to the biological profiles is open to debate.

It must also be recognized that many individuals who entered 
the cohort by fulfilling our criteria for chronic or intermittent use 
were censored before the end of the follow-up period due to 
changes in their pattern of usage over the course of the study. 
This applies especially in the intermittent user group where 
almost three quarters of individuals had no further benzodiaz-
epines in the first 180 days of the follow-up period and were 
therefore censored at the earliest opportunity. Although censor-
ing individuals reduces power, the methodology has the strength 
of being naturalistic – it reflects the reality that people often 
change their benzodiazepine use as time progresses, with some 
eliminating them entirely. The methodology employed ensured 
that those who continue to use benzodiazepines with the same 
pattern that they did in the exposure period will contribute more 
exposure time in the follow-up period than those who changed 
their usage pattern. Overall, with the greater rate of censoring in 
the intermittent user group partially offsetting the initial 1:2 
matching, the final ratio of person-days for the observation 
period was 1:1.55. Nevertheless, there may be a limitation in 
terms of ascertainment bias if adverse outcomes could be 
observed more frequently by virtue of proportionally more 
chronic users than intermittent users remaining in the cohorts as 
time progresses. However, we believe that this limitation is likely 
to be small and its impact is outweighed by the need to ensure 
that exposure patterns continue to reflect actual medication use in 
a population subject to marked changes in use of benzodiaz-
epines over time. Finally, ODB registers provide data on filled/
dispensed benzodiazepine prescriptions which is a proxy for ben-
zodiazepine exposure – therefore, some people may have 
obtained prescribed medications but not actually taken them. It is 
possible that differences between chronic and intermittent users 
in taking their medications after filling prescriptions could be a 
source of bias.

In illustrating excess risks for chronic use over intermittent 
use, we have captured an issue with benzodiazepines, which can-
not be revealed by studies that simply undertake meta-analysis of 
side effects in short-term trials. A good example of such a study 
is the recent meta-analysis of Quagliato et al. (2019), which com-
pared the side effect burden of benzodiazepines in panic disorder 
treatment trials of up to 12 weeks duration to that of SSRIs, con-
cluding that incidence of adverse effects was slightly lower in 
people randomized to benzodiazepines. While such a meta-anal-
ysis is informative, it cannot address the issue of excess harms of 
benzodiazepines with chronic use over the longer periods we 
have examined in this study.

While this study illustrates that chronic benzodiazepine use 
carries enhanced risks of most of the adverse outcomes relative to 
intermittent use, especially in older men, it must be recognized 
that the excess risk described is merely one factor to be taken into 
consideration when deciding whether ongoing benzodiazepine 
use is acceptable or unacceptable for a given patient who has 
been taking these drugs for long periods and is deriving benefit, 
especially where there has been no evidence of dose escalation or 
tolerance to the therapeutic effect. Clearly, when discussing the 
way forward with patients in this situation, the excess risks we 
have enumerated here must be considered against the risks of 
withdrawal and rebound of symptoms of their original disorder 
which may occur if established benzodiazepine treatment is 
reduced in dose and/or frequency, as well as the potential adverse 
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effects of other medications that might be introduced to allow 
this to happen.

We call for further research to attempt to replicate these 
results in other large drug prescription databases. These findings 
should inform future editions of guidelines, which advise on ben-
zodiazepine prescription, especially if replicated in further stud-
ies. In addition, there is potential for further analyses in this and 
other datasets to examine whether individual benzodiazepines or 
sub-groups based on pharmacological characteristics differ in 
terms of excess risk in older adults with chronic relative to inter-
mittent use. This might include comparisons of short-acting ver-
sus long-acting benzodiazepines, and of drugs eliminated by 
conjugation versus those subject to extensive liver metabolism 
given the increased risk of accumulation with some hepatically 
metabolized drugs.

Our study provides clear-cut evidence that there are signifi-
cant excess risks associated with chronic benzodiazepine use 
compared to intermittent use. Importantly, our study design does 
not permit us to speculate about the safety or risks of prescribing 
benzodiazepines compared to no treatment. The excess risks 
quantified here can be used to help inform decision-making by 
older adults and clinicians about whether short- or long-term 
benzodiazepine use is a reasonable option for symptom manage-
ment, weighing up the risks and benefits on a case-by-case basis, 
as is advocated by some current guidelines (Baldwin et al., 2013; 
Baldwin et al., 2014; Bandelow et al., 2008; Canadian Psychiatric 
Association, 2006).
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