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Abstract

Background In January 2018, the Government of Ontario, Canada, initiated a universal pharmacare program (OHIP+)
for all individuals aged 24 years and younger. In April 2019, the program was amended to cover only children and
youth without private insurance. Because benzodiazepines are commonly prescribed to children and youth despite
their potential hazards, we examined whether changes in publicly-funded drug coverage influenced benzodiazepine
dispensing trends in this demographic.

Methods We conducted a population-based natural experiment study of benzodiazepine dispensing to children and
youth in Ontario between January 2013 and March 2020. We used interventional autoregressive integrated moving
average models to estimate the impact of OHIP +and its subsequent modification on these trends.

Results The implementation of OHIP +was associated with an immediate increase in the monthly rate of
benzodiazepine dispensing of 12.9 individuals per 100,000 population (95% confidence interval [Cl]; 7.5 to 18.3 per
100,000). Benzodiazepine dispensing rates rose from 214.2 to 241.5 per 100,000 from December 2017 to March 2019,
a 12.8% (95% Cl 9.6-16.0%) increase. In stratified analyses, increases were most pronounced among females, children
and youth living in the lowest income neighbourhoods and individuals aged 20 to 24. The April 2019 modification
to OHIP +was not associated with changes in monthly benzodiazepine dispensing trends (0.39 individuals per
100,000; 95% Cl -1.3 to 2.1 per 100,000). However, rates remained elevated relative to the period preceding

OHIP +implementation.

Conclusions Implementation of a publicly-funded pharmacare program resulted in more children and youth being
prescribed benzodiazepines.
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Introduction

The use of psychotropic medications in children and
youth has increased worldwide [1]. However, in con-
trast to stimulants, antipsychotics, and antidepressants,
little is known about patterns of benzodiazepine use in
children and youth [1]. Studies from several jurisdic-
tions in Europe and North America with publicly funded
healthcare or combined private and public healthcare
systems have found that the prevalence of benzodiaz-
epine dispensing in children and youth ranges from 0.2
to 9.8%, with use increasing over time [1-8]. In a study
from Manitoba, Canada, the incidence of benzodiazepine
use among children and adolescents aged 17 and under
increased from 2.2 to 3.95 per 1000 population between
1996/97 and 2011/12 [7]. In addition, findings from
Ontario, Canada indicate that increased use in children
and youth may be associated with harm. Specifically,
between 2013 and 2020, rates of benzodiazepine-related
toxicity healthcare encounters increased from 11.1 to
16.0 per 100,000 and 39.9 to 66.6 per 100,000 among chil-
dren and adolescents under the age of 18 and youth aged
19 to 24, respectively [9].

While increased benzodiazepine use may reflect
improved recognition and diagnosis of anxiety disorders
in children and youth, there is a lack of research sup-
porting the effectiveness and long-term safety of ben-
zodiazepines in this population [10, 11]. Consequently,
benzodiazepines are not approved as anxiolytics for chil-
dren in North America or Europe, with clinical practice
guidelines preferentially advocating behavioural thera-
pies over medication [12, 13]. Moreover, although these
drugs are sometimes used short-term in combination
with antidepressants approved for anxiety disorder, [14]
this practice is not recommended in individuals below
the age of 18, and benzodiazepines are not endorsed as
a therapeutic option for any psychiatric disorder in this
population [12, 13]. In light of the increasing off-label use
of benzodiazepines in children and youth and concerns
about the possibilities of dependence, diversion and non-
medical misuse, [15—19] research examining patterns of
pediatric benzodiazepine use and the influence of spe-
cific interventions on the use of these drugs is needed to
inform clinical practice and policy.

Although several studies have examined the impact of
policies and guidance intended to curb benzodiazepine
use among adults, [20—22] less is known about the influ-
ence on benzodiazepine use of interventions intended to
increase access to prescription medications more gen-
erally. In January 2018, the Ontario government imple-
mented a publicly-funded pharmacare program known
as OHIP +to provide all Ontarians aged 24 and younger
prescription medications listed on the Ontario Drug Ben-
efit formulary at no cost [23]. Coverage was automatic,
with no deductibles or copayments. The program was
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subsequently modified in March 2019 to only cover med-
ications for children and youth without private insurance
[24]. Because OHIP +eliminated out-of-pocket costs and
disparities in drug insurance coverage, we postulated that
dispensing of benzodiazepines to children and youth may
have increased immediately following implementation.
Additional changes in benzodiazepine use may have also
occurred with the subsequent modification of OHIP+in
April 2019, which restricted universal drug coverage to
children and youth without private insurance. Therefore,
the implementation and modification of OHIP +offered a
natural experiment for evaluating the influence of univer-
sal pharmacare on the use of benzodiazepines in children
and youth and evaluating the differential impact of these
policy changes on various populations of children and
youth. Accordingly, we studied the impact of OHIP +and
its modification on benzodiazepine dispensing among
the entire population of eligible individuals aged 24 and
younger in Ontario, home to approximately 40% of Cana-
dian children and youth [25]. We speculated that the
implementation of OHIP+would be associated with an
increase in benzodiazepine use and that a more gradual
change would be observed following its modification to
cover only those children without private insurance.

Methods

Setting

We conducted a population-based study of all residents
in Ontario aged O to 24 years between January 1, 2013,
and March 31, 2020.

Data sources

We used Ontario’s administrative health databases. These
datasets were linked using unique encoded identifiers
and analyzed at ICES (formerly known as the Institute for
Clinical Evaluative Sciences). We identified prescriptions
for benzodiazepines using the Narcotics Monitoring Sys-
tem database, which contains comprehensive records
of all prescriptions for controlled substances dispensed
from community pharmacies in Ontario, regardless of
payer. Because we were focusing on the use of benzo-
diazepines for mental health conditions, we excluded
prescriptions for clobazam, which is used primarily for
seizure disorders. We used the Registered Persons Data-
base, a registry of all individuals eligible for the publicly-
funded Ontario Health Insurance Plan, to ascertain
demographic characteristics for all children and youth
dispensed benzodiazepines over the study period. We
determined the proportions of individuals diagnosed with
anxiety, mood, or seizure disorders within 30 days prior
to or on the prescription dispensing date using outpatient
physician claims data from the Ontario Health Insur-
ance Plan database, emergency department data from
the Canadian Institute for Health Information National
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Ambulatory Care Reporting System, and hospitalization
data from the Canadian Institute for Health Information
Discharge Abstract Database and Ontario Mental Health
Reporting System (see supplemental Table 1 for diag-
nostic codes). The OHIP database includes all physician
claims (primary care and specialist) for medical services
covered under the provincial health insurance plan. We
obtained prescriber specialty information using the ICES
Corporate Provider Database. The use of data in this
project was authorized under Sect. 45 of Ontario’s Per-
sonal Health Information Protection Act, which does not
require review by a Research Ethics Board, or individual
patient consent. ICES approved the study and all analyses
of raw data were conducted at ICES. No other adminis-
trative permissions were required.

Study Population and Outcomes

For each month in the study period, we defined our study
population as all Ontario residents aged 0 to 24 who were
alive on the first day of the month. Our primary outcome
was the monthly rate of benzodiazepine use per 100,000
children and youth, defined as the number of individuals
dispensed a benzodiazepine in a given month divided by
the population of children and youth aged 0 to 24 for that
period. To determine whether characteristics of children
and youth dispensed a benzodiazepine changed follow-
ing the implementation and modification of OHIP+, we
compared demographic characteristics and prescriber
type among individuals receiving benzodiazepines during
the period immediately preceding the implementation of
OHIP+ (January 1, 2017, to December 31, 2017), during
OHIP+ (January 2018 to March 2019) and the period in
which OHIP +was available only for children and youth
without private insurance (April 2019 to March 2020).

Statistical analysis

We used interventional autoregressive integrated mov-
ing average (ARIMA) models to examine the impact of
the implementation of OHIP+and its subsequent modi-
fication on benzodiazepine dispensing rates among
children and youth [26, 27]. We used the Dickey-Fuller
test to determine the stationarity of the time series and
applied first order and seasonal differencing to arrive at a
stationary series if needed [27, 28]. The Dickey-Fuller sta-
tistic tests the null hypothesis a unit root is present in a
time series and that the time series is non-stationary (i.e.
does not exhibit constant variance over time) against the
alternative hypothesis of stationarity. A p-value of greater
than 0.05 and a failure to reject the null hypothesis indi-
cates the presence of a unit root and that differencing is
required to render the time series stationary. We used
the autocorrelation function and partial autocorrelation
function to identify autoregressive and/or moving aver-
age components in each time series and correct for any
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autocorrelation remaining after differencing, and selected
the best models using goodness of fit tests [26, 27]. We
used residual plots and the Portmanteau statistic to con-
firm that residuals from specified ARIMA models were
a white noise process [29]. The null hypothesis of the
Portmanteau test is that there is no residual autocorrela-
tion and that the residuals are a white noise process. A
p-value of greater than 0.05 is therefore required to infer
the lack of residual autocorrelation before the ARIMA
model can be used for inference and forecasting. Finally,
once the ARIMA models were specified, we used a step
intervention function to test for a change in the rate of
benzodiazepine dispensing during the period in which
OHIP + provided universal coverage of prescription med-
ication to Ontario children and youth (January 1, 2018 to
March 31, 2019), and compared predicted values of dis-
pensing during this period with the observed rates [26,
27]. The ARIMA model also included a ramp interven-
tion function to determine if benzodiazepine dispens-
ing rates changed following modification to the program
in April 2019, providing coverage only for children and
youth with no private insurance. To explore heterogene-
ity in the impact of the OHIP + program, we stratified our
analyses by sex, age category (0 to 9 years, 10 to 14 years,
15 to 19 years, 20 to 24 years), neighbourhood income
quintile and urban versus rural residence, defined on
the first day of the month of interest. We used standard-
ized differences to compare demographic characteristics
between individuals receiving a benzodiazepine during
the pre-OHIP+, OHIP+and modified OHIP+periods,
with differences greater than 0.1 representing an imbal-
ance between the two groups [30]. The analyses used SAS
Enterprise Guide, version 7.1 (SAS Institute Inc., Cary,
NC, USA).

Results

There were 218,299 children and youth aged 0 to 24
that received a benzodiazepine prescription between
January 1, 2013 and March 31, 2020. The median age of
benzodiazepine-treated children and youth was 20 years
(interquartile range 17 to 22 years), and the majority
(n=136,091; 62.3%) were female (Table 1). General prac-
titioners accounted for most benzodiazepine prescrib-
ing (n=135,218; 61.9%), with fewer children and youth
receiving these drugs from pediatricians (n=10,470;
4.8%) and psychiatrists (n=31,863; 14.6%) (Table 1).
The majority (n=148,892; 68.3%) of individuals were
dispensed a short-term (i.e. 14 days or less) supply of
benzodiazepines, with nearly 1 in 5 receiving a supply
exceeding 30 days in duration. The number of children
with a diagnosis of anxiety, mood and seizure disorder
in the 30 days prior to receiving a benzodiazepine pre-
scription was 102,397 (46.9%), 26,599 (12.2%) and 8,817
(4.0%), respectively. Relative to individuals dispensed
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Table 1 Demographic and clinical characteristics of individuals aged 0 to 24 dispensed a benzodiazepine, January 2013 to March

2020*

Variable? Entire Study Pre-OHIP+ (Janu- During OHIP+  Post-OHIP+
Period (January 1, ary1,2017 to (January 1, (April 1,2019
2013 to March 31, December 31, 2018 to March  to March 31,
2020) 2017) 30,2019) 2020)

Number of individuals 218,299 49,873 62,036 49,649

Age (median, IQR) 20 (17-22) 20(17-22) 20 (17-22) 20 (17-22)

0-4 4,279 (2.0%) 816 (1.6%) 1,128 (1.8%) 1,005 (2.0%)

5-9 6,643 (3.0%) 1,505 (3.0%) 1,871 (3.0%) 1,619 (3.3%)

10-14 17,134 (7.8%) 3,514 (7.0%) 4,419 (7.1%) 3,679 (7.4%)

15-19 76,981 (35.3%) 15,609 (31.3%) 19,344 (31.2%) 15,270 (30.8%)

20-24 113,262 (51.9%) 28,429 (57.0%) 35,274 (56.9%) 28,076 (56.5%)

Female, No. (%)
Income quintile
(lowest)

v A W =

Residence

Urban

Rural

Prescriber Type
General Practitioner
Pediatrician
Psychiatrist

Other

Average days’supply of prescription (mean, SD)
Days'supply category

1to7
8to 14
15to0 29
>30

Diagnosis in 30 days preceding dispensing date

Anxiety disorder
Mood disorder
Seizure disorder

136,091 (62.3%)

42,314 (19.4%)
40,657 (18.6%)
41,675 (19.1%)
44,379 (20.3%)
49,274 (22.6%)

196,653 (90.1%)
21,646 (9.9%)

135,218 (61.9%)
10,470 (4.8%)
31,863 (14.6%)
40,748 (18.7%)
1230+ 11.91

(45.5%
(22.8%
(
(

99,22 )
)
15.6%)
)

1
49,671
33,985
35411 (16.2%
102,397 (46.9%)
26,599 (12.2%)
8,817 (4.0%)

31,522 (63.2%)

9,863 (19.8%)
9,324 (18.7%)
9,475 (19.0%)
9,813 (19.7%)
11,398 (22.9%)

45,153 (90.5%)
4,720 (9.5%)

30,417 (61.0%)
2,606 (5.2%)
9,139 (18.3%)
7,711 (15.5%)
14.62 +14.09

19,774 (39.6%)
10,956 (22.0%)
8,343 (16.7%)

10,800 (21.7%)

21,748 (43.6%)
6,219 (12.5%)
2,058 (4.1%)

39,383 (63.5%)

12,108 (19.5%)
11,561 (18.6%)
11,878 (19.1%)
12,573 (20.3%)
13,916 (22.4%)

55,974 (90.2%)
6,062 (9.8%)

37,380 (60.3%)
3,196 (5.2%)
10,953 (17.7%)
10,507 (16.9%)
1345+12.82

26,492 (42.7%)
13,798 (22.2%)
9,770 (15.7%)

11,976 (19.3%)

27,374 (44.1%)
7,826 (12.6%)
2,773 (4.5%)

31,441 (63.3%)

9,693 (19.5%)
9,135 (18.4%)
9,499 (19.1%)
10,083 (20.3%)
11,239 (22.6%)

44,750 (90.1%)
4,899 (9.9%)

29,288 (59.0%)
2,689 (5.4%)
8,974 (18.1%)
8,698 (17.5%)
13.79+£ 1371

21,156 (42.6%)
10,959 (22.1%)
7,844 (15.8%)
9,675 (19.5%)

21,049 (42.4%)
6,023 (12.1%)
2,572 (5.2%)

* Based on a first prescription claim in each period, such that individuals are counted only once in the overall column but up to 3 times total in the sub-periods

2 Standardized differences for all variables between all treatment periods were less 0.1

less than a 30 days’ supply, those dispensed more than
a 30 days’ supply of were more likely to be between the
ages of 20 and 24 (55.9% vs. 51.1%; standardized differ-
ence [SD]=0.10), receive their prescription from a psy-
chiatrist (30.9% vs. 11.4%; SD=0.49) and have a mood
disorder in the 30 days prior to receiving a benzodiaze-
pine (18.1% vs. 11.0%; SD=0.34) (supplemental Table 2).
Overall, the demographic characteristics of children and
youth receiving a benzodiazepine did not change appre-
ciably between the pre-OHIP+, OHIP+and modified-
OHIP +periods (Table 1).

The most frequently prescribed benzodiazepines
during the study period were clonazepam and loraz-
epam, with variation observed according to age and

neighbourhood income quintile. Specifically, lorazepam
and clonazepam represented 56.5% and 28.0% of pre-
scriptions dispensed to children under the age of 12,
while respective estimates for those 12 years and older
were 42.7% and 42.5% (supplemental Table 3). This pat-
tern was consistent across the pre-OHIP+, OHIP+and
modified OHIP+periods (supplemental Table 3). In
terms of socioeconomic status, clonazepam was the
most frequently dispensed benzodiazpine to children and
youth in the lowest income neighbourhoods, represent-
ing 45.9% of benzodiazepine prescriptions during the
study period (supplemental table 4a). The proportion of
prescriptions that were clonazepam declined as neigh-
bourhood income quintile increased, representing 38.9%
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of benzodiazepine prescriptions in the highest income
neighbourhoods. The opposite pattern was observed
for lorazepam, which accounted for 47.5% and 38.0% of
benzodiazepine prescriptions in the highest and low-
est income neighbourhoods, respectively (supplemental
table 4a). Other benzodiazepines for which income gradi-
ents were observed included alprazolam, which was more
common in the highest- relative to the lowest-income
neighbourhoods (4.3% versus 3.2%), and diazepam,
which was more frequently dispensed among individuals
in the lowest relative to the highest income neighbour-
hoods (7.3% versus 4.7%) (supplemental table 4a). These
patterns were consistent across the three study periods
(supplemental tables 4b, 4c and 4d).

Change in benzodiazepine dispensing rates following
implementation of OHIP+

The average monthly percent change in benzodiaz-
epine dispensing in the period preceding OHIP+was
0.3% (0.3-0.4%). We observed a modest relative percent
increase in benzodiazepine dispensing to children and
youth following the implementation of OHIP+, with
rates increasing 12.8% (95% confidence interval [CI] 9.6—
16.0%) between December 2017 and March 2019 (214.2
vs. 241.5 per 100,000 population, respectively) (Table 2).
In stratified analyses, the increase was more pronounced
in females (255.5 vs. 295.5 individuals per 100,000 pop-
ulation) than males (174.9 vs. 190.3 individuals per
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100,000 population), with relative percent increases of
15.7% (95% CI 11.4-20.0%) and 8.8% (95% CI 4.0-13.7%),
respectively, between December 2017 and March 2019.
In addition, individuals in the lowest income neighbour-
hoods had the greatest relative percent increase in ben-
zodiazepine dispensing, with rates increasing 15.5% (95%
CI 8.4-22.9%) (223.0 vs. 257.6 individuals per 100,000
population) and 19.6% (95% CI 11.9-27.6%) (215.8 vs.
258.2 individuals per 100,000 population) in the lowest
and second-lowest income quintile areas, respectively.
Conversely, rates increased only 5.2% (95% CI -1.3—
11.8%) in the highest income neighbourhoods (224.8 vs.
236.4 individuals per 100,000 population). Furthermore,
individuals aged 20 to 24 (581.6 vs. 675.9 individuals per
100,000 population) and 15 to 19 (303.1 vs. 326.2 individ-
uals per 100,000 population) had the greatest increase in
benzodiazepine dispensing following the implementation
of OHIP+, corresponding to relative percent increases of
16.2% (95% CI 12.0-20.5%) and 7.6% (95% CI 1.9-13.9%),
respectively, between December 2017 and March 2019.
Following ARIMA modelling, implementation of
OHIP+was associated with a significant immediate
increase in the monthly rate of benzodiazepine dispens-
ing of 12.9 per 100,000 population (95% CI; 7.5 to 18.3 per
100,000). (Table 2; Fig. 1). The monthly rate of increase in
benzodiazepine dispensing prior to OHIP+was 0.77 per
100,000 population (95% CI; 0.59 to 0.94). We observed
similar results in stratified analyses (supplemental

Table 2 Changes in benzodiazepine dispensing to children and youth following the introduction of the OHIP+ pharmacare program

in January 2018

Stratification Rate of benzodiazepine Rate of benzodiazepine Relative percent change, ARIMA Model January 2018 Step
dispensing (individuals  dispensing (individuals December 2017 to March Intervention Esti-
per 100,000) per 100,000 2019 (95% confidence mate (95% confi-
December 2017 March 2019 interval dence interval)

Overall 2142 2415 12.8% (9.6 to 16.0%) (21 12,0) nointercept 129 (7.5t0 18.3)

Sex

Female 255.5 295.5 15.7% (11.4 to 20.0%) (2,1 12,0) no intercept  16.5(8.3t0 24.7

Male 1749 190.3 8.8% (4.0 to 13.7%) (3,1 12,0) nointercept 9.3 (52t0 134)

Age

0to9 21.7 24.8 14.7% (-1.6 to 32.3%) (3,1 12,0) nointercept 1.1 (-0.3t0 24)

10to 14 624 67.2 7.6% (-4.9 to 21.0%) (2,1 12,0) no intercept  -0.56 (-4.8 t0 3.6)

15to 19 303.1 326.2 7.6% (1.9 to 13.9%) (2,1 12,0) no intercept  16.5 (7.0 to 26.0)

20to 24 581.6 6759 16.2% (12.0 to 20.5%) (2,1 12,0) no intercept ~ 41.1 (26.0 to 56.1)

Income quintile

Quintile 1 223.0 257.6 15.5% (8.4 to 22.9%) (0,112,1) no intercept ~ 14.7 (9.0 to 20.5)

(lowest)

Quintile 2 2158 258.2 19.6% (11.9 to 27.6%) (2,1 12,0) no intercept  15.9 (84 to 23.4)

Quintile 3 2088 2316 10.9% (3.8 to 18.3%) (3,112,0) nointercept 7.1 (1.7to 12.5)

Quintile 4 2011 229.1 13.9% (6.6 to 21.5%) (2,112,0) noiintercept  16.5 (7.0 to 26.0)

Quintile 5 2248 2364 52% (-1.3t0 11.8%) (2,1 12,0) nointercept  14.1 (5310 22.9)

(highest)

Rural versus urban residence

Rural 2122 2296 8.2% (-1.7 to 18.6%) (0,112,3) nointercept  14.6 (4.6 to 24.6)

Urban 215.0 2434 13.2% (9.9 to 16.7%) (21 12,0) nointercept 124 (7.0t0 17.8)
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Implementation Modification

2016 2017 2018 2019 2020

Month, Year

Fig. 1 Impact of OHIP +implementation (January 2018) and modification (April 2019) on monthly rates of benzodiazepine dispensing among Ontario

residents between the ages of 0 and 24, January 2013 to March 2020

Fig. 1 to 4), with the largest immediate increases among
females (16.5 per 100,000 population; 95% CI 8.3 to 24.7),
individuals aged 15 to 19 (16.5 per 100,000 population;
95% CI 7.0 to 26.0) and 20 to 24 (41.1 per 100,000 popu-
lation; 95% CI 26.0 to 56.1), and children and youth living
in rural areas (14.6 per 100,000 population; 95% CI 4.6 to
24.6) (Table 2).

Observed benzodiazepine dispensing rates in the first
12 months of OHIP+were higher than those predicted
by the ARIMA model in the absence of this program
(Table 3; Fig. 2). The largest difference was observed in
October 2018, corresponding to an additional 1,119 chil-
dren and youth dispensed a benzodiazepine (Table 3).

Change in benzodiazepine dispensing rates following
modification of OHIP+

Following modification of the OHIP+program, there
was a small relative percent decrease in benzodiazepine
dispensing, with rates decreasing 4.0% (95% CI -6.7%
to -1.3%) between March 2019 and March 2020 (241.5
vs. 231.9 individuals per 100,000 population) (Table 4).
However, rates remained elevated relative to the period
preceding OHIP+implementation. Following ARIMA
modelling, there was no significant change in monthly
benzodiazepine dispensing trends following the April

2019 modification to OHIP+ (0.39 per 100,000; 95% CI
-1.3 to 2.1 per 100,000) (Table 3; Fig. 1), with similar
results obtained in stratified analyses (Table 4, supple-
mental Fig. 1 to 4).

Discussion

In our population-based study, we observed an increase
in the rate of benzodiazepine dispensing among children
and youth following the implementation of a publicly-
funded pharmacare program covering all prescription
drug costs for Ontario residents between the ages of 0
and 24. Increased benzodiazepine dispensing was most
pronounced among females, children and youth living
in lower-income neighbourhoods, and individuals aged
15 to 19 and 20 to 24 years. Modifying the program to
maintain coverage only for individuals lacking private
insurance was not associated with a significant change in
benzodiazepine dispensing trends.

Our findings add to previous research. As in other
jurisdictions, we observed increased benzodiazepine dis-
pensing over time, with greater use in females and older
youth relative to younger children [4-7]. These findings
reflect known patterns in the diagnosis of anxiety dis-
order in children and youth, with a higher prevalence
among females and a typical age of diagnosis between
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early adolescence and young adulthood [31-33]. How-
ever, our study is the first to estimate the influence of a
newly-implemented pharmacare program on benzodiaz-
epine dispensing. Our finding of greater than expected
benzodiazepine dispensing in the 12 months follow-
ing the implementation of OHIP+is especially salient,
highlighting the relative increase in benzodiazepene use
attributable to this program. Moreover, we were able to
study the differential impact of such a program on benzo-
diazepine use in specific sub-populations of children and
youth. Therefore, our work extends the study of trends in
benzodiazepine use among children and youth to a set-
ting with no financial barriers to drug therapy.

Our study has important policy and practice implica-
tions for children and youth with mental health condi-
tions. The largest increase in dispensing was in 20 to
24-year-olds, the group most commonly prescribed these
drugs prior to the implementation of OHIP+. Although
considered in the definition of youth, individuals aged
to 20 to 24 can arguably be regarded as young adults for
whom benzodiazepine medications need to be dispensed
with all the cautions given to older adults. This age group
includes individuals enrolled at post-secondary institu-
tions with school insurance plans that typically cover
only a portion of drug costs or place caps on annual
prescription drug benefits. However, the increased dis-
pensing of these drugs to adolescents aged 15 to 19 years
immediately following the implementation of OHIP+is
of concern, given the absence of evidence supporting
long-term effectiveness for anxiety or sleep disorders
and the potential for serious adverse effects, including
decreased alertness, dependence, withdrawal, diver-
sion and injury [34-36]. Moreover, there is concern that
increased use of these drugs in children and youth could
lead to a public health crisis similar to that observed with
opioids [4, 37, 38]. For these reasons, benzodiazepines
are not recommended for treating pediatric anxiety or
sleep disorders and are considered second-line or short-
term adjunctive therapies for adults [11, 12, 39-42]. Fur-
thermore, although 4.0% of children and youth dispensed
a benzodiazepine had a diagnosis of seizure disorder,
the finding that nearly 1 in 5 individuals were dispensed
a supply of benzodiazepines exceeding 30 days suggests
long-term use for mental health conditions and symp-
toms could also be occurring. This practice is inconsis-
tent with clinical guidelines advising short-term therapy
of mental health symptoms until evidence-based thera-
pies have been accessed [12]. Notably, most benzodiaz-
epine prescriptions were written by general practitioners
who may be less familiar with guidelines or have limited
access to colleagues with expertise in treating pediatric
mental health conditions. Increased use of telemedical
health programs facilitating access to pediatric mental
health specialists represents a promising mechanism for

1,119

increase in number of
children and youth dis-
pensed benzodiazepines

697

212

490

832

438

639

806

737

532

664

733

Estimated absolute

2443
2386
239.7
233.0
2314
244.7
2293
2451
2395
228.1

Actual rate (individuals per 100,000) of benzodiaz-
2214
2445

epine dispensing following OHIP+

Projected rate (individuals per 100,000) of benzodiazepine
dispensing in absence of OHIP+ (95% confidence interval)

216.2

2325
2183
229.0
2174
226.8
216.3
218.0
2234
210.3

227.3

Table 3 Projected and Actual Benzodiazepine Dispensing in Children and Youth, January 2018 to December 2018

Month
September 2018

January 2018
February 2018
March 2018
April 2018

May 2018

June 2018

July 2018
August 2018
October 2018
November 2018
December 2018
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Fig. 2 Actual versus predicted rates of benzodiazepine dispensing during OHIP+ (January 2018 to December 2018)

supporting general practitioners caring for children and
youth with mental health conditions and optimizing psy-
chotropic prescribing in this population [43, 44].

In addition, we observed a greater relative increase in
benzodiazepine dispensing among children and youth
in lower-income neighbourhoods following the imple-
mentation of OHIP+. This finding may reflect inequities
created by long wait times for publicly-funded mental
health and behavioural programs and out-of-pocket costs
associated with accessing privately-funded interventions
not covered by Ontario’s publicly-funded healthcare
program, such as clinical psychologists and social work-
ers [45—-47]. A similar phenomenon may account for the
greater immediate increase in benzodiazepine dispens-
ing to children and youth in rural communities relative
to urban centres following the implementation of OHIP+,
where delays are incurred because of local service gaps
and the travel costs associated with accessing care [45].
In contrast, there are no delays associated with access-
ing medications, and prescription drugs were available
at no cost for all children and youth immediately follow-
ing the implementation of OHIP+. It is therefore possible

that systemic disparities in access to non-drug therapies
create conditions that promote disproportionate reliance
on benzodiazepines for symptom management among
lower-income children and youth and individuals living
in rural communities.

Strengths of our study include complete benzodiaze-
pine dispensing data for all children and youth in Ontario,
regardless of insurance status. However, our study has
some limitations. First, we cannot reliably ascertain the
appropriateness of benzodiazepine use or indication for
therapy. This limitation is common to all population-
based studies using claims-based data to study benzo-
diazepine use. Second, we could not determine whether
benzodiazepines were dispensed for as-needed or ongo-
ing use, or the proportion of children and youth progress-
ing to long-term treatment with these drugs. Similarly, it
is likely that a portion of children and youth dispensed
a short supply of benzodiazepines were receiving these
drugs for procedural anxiety, a practice which is generally
well tolerated and does not involve continued use [48].
Third, it is possible that the period following the modi-
fication of OHIP+was too brief to detect a significant
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Table 4 Changes in benzodiazepine dispensing to children and youth following the April 2019 modification of the OHIP+ pharmacare
program restricting coverage only to individuals without private insurance

Stratification Rate of benzodiazepine Rate of benzodiaz- Relative percent ARIMA Model April 2019 Ramp
dispensing (individuals epine dispensing (indi- change, March 2019 Intervention Esti-
per 100,000) viduals per 100,000 to March 2020 (95% mate (95% confi-
March 2019 March 2020 confidence interval dence interval)

Overall 2415 2319 -4.0% (-6.7%to-1.3%) (2,1 12,0) nointercept  0.39(-1.3t0 2.1)

Sex

Female 2955 286.1 -3.2% (-6.7% to 0.4%) (2,1 12,0) no intercept 047 (-2.2to 3.1)

Male 190.3 1804 -52% (-94%to-1.0%) (3,1 12,0) nointercept 0.29(-1.0to 1.5)

Age

0to9 248 256 3.0% (-11.2 to 18.2%) (3,1 12,0) no intercept  0.18 (-0.20 to 0.60)

10to 14 67.2 65.1 -3.1% (-143%t08.7%) (2,1 12,0) nointercept  -0.21(-1.6t0 1.2)

15t0 19 326.2 299.9 -8.0% (-13.0% t0-3.0%) (2,1 12,0) nointercept  0.61 (-2.5t0 3.7)

20to 24 6759 655.8 -3.0% (-6.4% to 0.5%) (2,1 12,0) no intercept  0.98 (-3.9t0 5.9)

Income quintile

Quintile T (lowest) 2576 246.2 -44% (-10.2% to 1.6%) (0,1 12,1) nointercept  0.31(-1.2t0 1.8)

Quintile 2 2582 2415 -6.4% (-12.3% t0-04%) (2,1 12,0) nointercept  -0.02 (-2.5t0 2.5)

Quintile 3 2316 220.0 -5.0% (-11.0% to 1.2%) (3,1 12,0) nointercept -0.64 (-2.3t0 0.99)

Quintile 4 229.1 2186 -4.6% (-10.5% to 1.5%) (2,1 12,0) nointercept  0.61 (-2.5t0 3.7)

Quintile 5 (highest) 236.4 237.2 0.4% (-5.7 to 6.6%) (2,112,0) noiintercept  1.5(-1.3t04.3)

Rural versus urban residence

Rural 2296 2331 1.5% (-7.6t0 11.1%) (0,112,3) nointercept  -0.24 (-2.3t0 2.8)

Urban 2434 2324 -4.6% (-74%to-1.7%) (2,1 12,0) nointercept 0.23(-1.5t0 1.9)

change. Fourth, misclassification of individuals with cer-
tain mental health diagnoses is possible because we used
previously derived administrative algorithms that were
not validated for our study [49]. Fifth, we did not longitu-
dinally examine whether OHIP +changed the prevalence
of long-term (e.g., 180 days) benzodiazepine use. Finally,
our study was conducted in a single Canadian prov-
ince, potentially limiting the generalizability of our find-
ings. However, ours is the first population-based natural
experiment study estimating the impact of a newly intro-
duced pharmacare program on benzodiazepine dispens-
ing among children and youth. Our findings suggest that
additional measures may be needed in jurisdictions con-
templating similar interventions to mitigate increases in
benzodiazepine use, including improved access to behav-
ioural and mental health interventions and measures to
facilitate collaboration between primary care providers
and pediatric mental health specialists.

In conclusion, implementing a publicly-funded phar-
macare program was associated with increased benzo-
diazepine dispensing to children and youth and greater
than expected use of these drugs. Further, we found
disproportionate increases in the rate of benzodiaz-
epine dispensing among females, adolescents and young
adults and low-income children and youth. Although
these trends align with the patterns of anxiety diagnosis
in adolescents and young adults, socioeconomic differ-
ences in dispensing suggest that removing financial bar-
riers to benzodiazepines may have increased the use of
these drugs in a population with structural barriers to

accessing guideline-recommended non-pharmacologic
treatments. Moreover, past research in adults has found
an association between increasing use of benzodiaze-
pines, long-term use, misuse and benzodiazepine-related
toxicity with low-income status or residence in low-
income neighbourhoods [9, 50, 51, 52]. Further research
is needed to determine if these associations extend to
children and youth and to examine the role of alterna-
tive healthcare delivery models, such as telehealth and
programs training primary care physicians to provide
specialist care, is warranted to determine whether such
interventions can improve prescribing. Moreover, inter-
ventions to support increased and equitable access to
non-pharmacologic mental health expertise are required
to minimize reliance on benzodiazepines for the treat-
ment of mental health conditions in children and youth.
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