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Background: The COVID-19 pandemic was associated with increases in the
prevalence of depression, anxiety and behavioural problems among children and
youth. Less well understood is the influence of the pandemic on antidepressant
and antipsychotic use among children. This is important, as it is possible that
antidepressants and antipsychotics were used as a “stop-gap” measure to treat
mental health symptoms when in-person access to outpatient care and school-
based supportive services was disrupted. Furthermore, antipsychotics and
antidepressants have been associated with harm in children and youth. We
examined trends in dispensing of these medications two years following the
pandemic among children 18 years of age and under in Ontario, Canada.
Methods: We conducted a population-based time-series study of antidepressant
and antipsychotic medication dispensing to children and adolescents ≤18 years
old between September 1, 2014, and March 31, 2022. We measured monthly
population-adjusted rates of antidepressant and antipsychotics obtained from
the IQVIA Geographic Prescription Monitor (GPM) database. We used structural
break analyses to identify the pandemic month(s) when changes in the
dispensing of antidepressants and antipsychotics occurred. We used interrupted
time series models to quantify changes in dispensing following the structural
break and compare observed and expected use of these drugs.
Results: Overall, we found higher-than-expected dispensing of antidepressants
and antipsychotics in children and youth. Specifically, we observed an
immediate step decrease in antidepressant dispensing associated with a
structural break in April 2020 (−55.8 units per 1,000 individuals; 95% confidence
intervals [CI] CI: −117.4 to 5.8), followed by an increased monthly trend in the
rate of antidepressant dispensing of 13.0 units per 1,000 individuals (95% CI:
10.2–15.9). Antidepressant dispensing was consistently greater than predicted
01 frontiersin.org

http://crossmark.crossref.org/dialog/?doi=10.3389/fped.2023.1282845&domain=pdf&date_stamp=2020-03-12
https://doi.org/10.3389/fped.2023.1282845
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fped.2023.1282845/full
https://www.frontiersin.org/articles/10.3389/fped.2023.1282845/full
https://www.frontiersin.org/articles/10.3389/fped.2023.1282845/full
https://www.frontiersin.org/articles/10.3389/fped.2023.1282845/full
https://www.frontiersin.org/articles/10.3389/fped.2023.1282845/full
https://www.frontiersin.org/journals/pediatrics
https://doi.org/10.3389/fped.2023.1282845
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/


Antoniou et al. 10.3389/fped.2023.1282845

Frontiers in Pediatrics
from September 2020 onward. Antipsychotic dispensing increased immediately
following a June 2020 structural break (26.4 units per 1,000 individuals; 95% CI:
15.8–36.9) and did not change appreciably thereafter. Antipsychotic dispensing
was higher than predicted at all time points from June 2020 onward.
Conclusion: We found higher-than-expected dispensing of antidepressants and
antipsychotics in children and youth. These increases were sustained through
nearly two years of observation and are especially concerning in light of the
potential for harm with the long-term use of antipsychotics in children. Further
research is required to understand the clinical implications of these findings.

KEYWORDS

antidepressant, antipsychotic agents, child, adolescent, time-series analysis, COVID-19

antidepressant, COVID-19
Introduction

COVID-19-associated public health restrictions and school

closures have been associated with a deterioration in children’s

and youth’s mental health worldwide (1–3). A meta-analysis of

29 studies involving more than 80,000 children and youth found

pooled prevalence estimates of depression and anxiety during the

pandemic of 25.2% (95% CI, 21.2%–29.7%) and 20.5% (95% CI,

17.2%–24.4%), respectively (4). Similar findings were observed in

other systematic reviews comprising predominantly cross-

sectional studies (5–7). These findings have been extended by a

meta-analysis of 21 longitudinal studies of more than 96,000

children and youth, with increases in depression, anxiety,

distress, loneliness and negative affect reported during the

pandemic relative to pre-pandemic periods (8). Behavioural

problems were also common during the pandemic, with one

meta-analysis of 66 studies finding a prevalence of 27% (95% CI:

19%–36%) in high-income countries (9). In addition, findings

from an international online survey found that home

confinement during COVID was associated with negative effects

on mental wellbeing and emotional status, as well as physical

and social inactivity (10). The pandemic has also been associated

with changes in the use of mental health services, with

population-based studies from Canada reporting increased

outpatient mental health service utilization between July 2020

and February 2021 and higher than expected mental health visit

rates in pediatric hospitals during most of the pandemic (11, 12).

Despite these studies, comparatively little research has evaluated

pandemic-associated changes in the prescribing of psychotropic

drugs among children and youth (13–17). Research into

antidepressant and antipsychotic use is especially important for

several reasons. First, few of these drugs have regulatory approval

for use in children, with antipsychotics being primarily used off-

label for managing non-psychotic disorders and externalizing

symptoms in children and youth (18, 19). In addition, it is

possible that antidepressants and antipsychotics were used as a

“stop-gap” measure to treat mental health symptoms when in-

person access to non-pharmacologic supportive services was

disrupted. Furthermore, sustained use following the return to in-

person care may suggest persistent mental health symptoms and/

or difficulties weaning these medications. Finally, antipsychotics
02
can cause metabolic disturbances and weight gain, increasing the

risk of type 2 diabetes, cardiovascular disease, and sudden death,

while antidepressants have been associated with an increased risk

of cardiac events and suicidal thoughts (20–23).

In light of the lack of research examining long-term trends in the

use of antipsychotics and antidepressants in children and youth and

potential concerns regarding sustained increased use post-pandemic,

our study objective was to examine changes in the dispensing of

these medications to children 18 years of age and under in

Ontario, home to approximately 40% of Canadian children (24).
Methods

Setting and study design

We conducted a population-based study of antidepressant

and antipsychotic units dispensed monthly by Ontario

community pharmacies to children, regardless of payer, between

September 1, 2014, and March 31, 2022. As in other

jurisdictions, Ontario children and youth experienced several

cycles of school openings and closures during the pandemic,

beginning in March 2020, with all students learning remotely

until June 2020. In September 2020, students were given the

choice of in-person or remote leaning until January 2021, at

which time most students returned to remote learning until

February 2021. In April 2021, schools were closed province-

wide for the remainder of the school year. Schools re-opened in

September 2021 with the option of remote learning. A final

brief period of school closures and remote learning was

implemented in January 2022 (see Supplementary appendix

for timeline) (25). Overall, Ontario students experienced the

most frequent fully-remote school closures in Canada, totalling

approximately 220 days during the pandemic (26).
Data sources

We used the IQVIA Geographic Prescription Monitor (GPM)

database. The IQVIA GPM database provides projections of

prescription drug utilization in all Canadian provinces based on
frontiersin.org
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the IQVIA retail prescription database, using a representative

sample of more than 6,100 pharmacies across Canada. The

patented geospatial projection methodology is used to generate

monthly prescription estimates that are representative of drug

utilization at the provincial level (27). These data are monitored

and validated by IQVIA and are routinely used for international

research on drug utilization trends (28–32). This data source

includes aggregate prescription units from public and private

payers. We used Statistics Canada’s annual population estimates

for Ontario to population-adjust dispensing rates (33). Because of

limitations in data availability, we could not study young adults

aged 19 to 24, and restricted our analyses to children and

adolescents aged 18 years and younger. Furthermore, the IQVIA

database does not provide additional patient-level data,

precluding analysis on the number of children and youth affected

or an examination of trends by other variables, such as sex, race

or ethnicity.
Ethics

Research ethics approval was not required for this study because

the researchers had access only to aggregated, de-identified data.
Outcomes

Our primary outcome was the monthly population-adjusted

rate of medication units (i.e., tablets, capsules or prefilled

syringes of long-acting formulations of antipsychotics) dispensed

per 1,000 children, stratified by drug type (i.e., antidepressants or

antipsychotics) and age category (≤13 years and 14 to 18 years).

We included long-acting injectable dosage forms of

antipsychotics because they are commonly dispensed as prefilled

syringes or set dose packs that can be converted to units. We

excluded short-acting injectable dosage forms of antipsychotics

because they are not commonly used in this population and

because precise units of short-acting injectable doses are difficult

to quantify.
Statistical analysis

We used several approaches to explore whether antidepressant

and antipsychotic dispensing to children and youth changed

during the pandemic. We began by first testing whether there

were changes in the antipsychotic and antidepressant dispensing

rate during the study period and identifying the date(s) of these

changes. We next proceeded to quantify the changes in

dispensing following these date(s). Finally, we compared observed

dispensing rates with those that would have been predicted in

the absence of COVID-19. Specifically, we first used structural

break analyses to test for changes in antidepressant and

antipsychotic dispensing during the pandemic, following seasonal

adjustment and 15% trimming of the dataset (34). Next, we used

interrupted time series analyses to quantify the change in
Frontiers in Pediatrics 03
monthly dispensing trends following the structural break (35,

36). Specifically, we used a dummy variable to denote the timing

of the structural break(s), an indicator for time to account for

the underlying temporal trend in the data, and an interaction

term between time and the dummy variable representing the

structural break to estimate the change in dispensing temporal

trend following the structural break. Our models also included

dummy variables indicating the month to account for seasonality

and a variable denoting the implementation of a publicly funded

pharmacare program known as OHIP+ that covered the

prescription costs of all individuals aged 24 and under, beginning

in January 2018 (37). We also determined expected

antidepressant and antipsychotic dispensing rates for the period

following the structural break in the absence of COVID-19 using

data from January 2013 to the month preceding the structural

break, with pre-structural break time, month, and the indicator

for OHIP+ as model predictors. We then determined the relative

percent differences between the observed and predicted stimulant

dispensing rates and estimated associated 95% confidence

intervals using the Poisson distribution. We tested models for

autocorrelation to a maximum of 12 lags using the Cumby-

Huizinga test for autocorrelation and estimated all models using

Newey-West standard errors to account for autocorrelation up to

12 lags and heteroskedasticity (38, 39). All analyses used Stata

version 17.0 (StataCorp LLC, College Station, TX, USA) and

EViews 12.
Results

Summary

Overall, we found higher than expected dispensing of

antidepressants and antipsychotics in children and youth during

the pandemic. Specifically, we observed an immediate decrease

in antidepressant dispensing in April 2020, followed by an

increased monthly trend in the rate of antidepressant

dispensing of 13.0 units per 1,000 individuals. Antidepressant

dispensing was consistently greater than predicted from

September 2020 onward. Antipsychotic dispensing increased

immediately following June 2020, did not change appreciably

thereafter, and was higher than predicted at all time points

from June 2020 onward.
Antidepressant dispensing following
COVID-19

Structural break analyses identified breaks in the endogenous

series occurring in March 2018, approximating the month of

OHIP+ implementation, and April 2020, the month following the

declaration of a public health emergency and school closures. In

descriptive analyses, we observed a decrease in antidepressant

dispensing to children and youth immediately following the April

2020 structural break, with a relative percent decrease in rates of

21.1% (95% CI: −21.3% to −21.0%) between March 2020 and
frontiersin.org
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TABLE 1 Changes in antidepressant and antipsychotic dispensing following COVID-19 pandemic.

COVID
Structural
Break(s)

Rates and relative percent changes Interrupted time series

Structural
break(s)

Rate per
1,000, in
month

preceding
break

Rate per
1,000 in
month

following
break

Relative percent
change (95%
CI), month

preceding break
to month after

Rate per
1,000
March
2022

Relative per
cent change,

month
preceding

break to March
2022

Change in
dispensing rate
per 1,000, first

month
following break

Monthly
change in

dispensing rate
trend per 1,000

post-break

Antidepressants
Overall April 2020 883.8 697.0 −21.1% (−21.3% to

−21.0%)
1,072.6 21.4% (21.2% to

21.6%)
−55.8 (−117.4 to 5.8) 13.0 (10.2 to 15.9)

Age
0–13 April 2020 274.8 220.7 −19.7% (−20.0% to

−19.4%)
322.3 17.3% (16.9% to

17.7%)
−9.8 (−31.0 to 11.4) 3.8 (2.7 to 4.8)

14–18 April 2020 2,467.8 1,935.9 −21.6% (−21.7% to
−21.4%)

3,002.6 21.7% (21.4% to
21.9%)

−168.8 (−340.7 to
3.2)

37.0 (28.7 to 45.3)

Antipsychotics
Overall June 2020 253.3 299.1 18.1% (17.7% to

18.4%)
286.7 13.2% (12.8% to

13.5%)
26.4 (15.8 to 36.9) 0.35 (−0.26 to 0.96)

Age
0–13 June 2020 148.7 183.5 23.4% (22.8% to

24.0%)
165.6 11.3% (10.8% to

11.9%)
20.9 (13.6 to 28.2) −0.37 (−0.73 to 0.00)

14–18 June 2020 525.3 599.7 14.2% (13.7% to
14.6%)

598.3 13.9% (13.4% to
14.4%)

41.6 (20.0 to 63.1) 2.2 (0.45 to 3.9)

Antoniou et al. 10.3389/fped.2023.1282845
May 2020 (883.8 vs. 697.0 units per 1,000 population) (Table 1).

However, antidepressant use increased in the months following the

April 2020 structural break, with a relative percent increase of

21.4% (95% CI 21.2%–21.6%) between March 2020 and March

2022 (883.8 vs. 1,072.6 units per 1,000 population (Table 1).

Following interrupted time series modelling, there was an

immediate decline in antidepressant dispensing of 55.8 units

per 1,000 individuals (95% CI: −117.4 to 5.8), with a larger

decrease observed among adolescents between the ages of 14

and 18 (−168.8 units per 1,000 individuals; 95% CI: −340.7 to

3.2) relative to children aged 0–13 years (−9.8 units per 1,000

individuals; 95% CI: −31.0 to 11.4) (Table 1). These findings

corresponded to lower than forecasted dispensing rates in April

2020 (−23.5%; 95% CI: −23.6% to −23.3%) and May 2020

(−20.2% (95% CI: −20.3% to −20.0%) (Supplementary

Table S1; Figure 1). Following the initial decline, there was an

increased trend in the monthly rate of antidepressant

dispensing of 13.0 units per 1,000 individuals (95% CI: 10.2–

15.9) (Table 1). The increased trend was greater among

adolescents aged 14–18 (37.0 units per 1,000 individuals; 95%

CI: 28.7–45.3) than children between the ages of 0 and 13 (3.8

units per 1,000 individuals; 95% CI: 2.7–4.8) (Table 1,

Supplementary Figure S2).

In analyses comparing observed and forecasted rates, higher

than expected antidepressant rates were first observed in June

2020, with a relative percent difference of 7.8% (95% CI: 7.7%–

8.0%). Observed antidepressant rates were consistently higher

than predicted rates from predicted rates from September 2020

onward (Supplementary Tables S1–S3).
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Antipsychotic dispensing following
COVID-19

Structural breaks in the antipsychotic dispensing time series

were also observed in March 2018 (aligned with OHIP+) as well

as in June 2020. We observed an 18.1% (95% CI: 17.7%–18.4%)

relative percent increase in antipsychotic dispensing between May

and July 2020 (253.3 vs. 299.1 units per 1,000 individuals,

respectively) (Table 1). Antipsychotic dispensing remained

elevated following the June 2020 structural break, with a relative

percent increase of 13.2% (95% CI: 12.8%–13.5%) between

March 2020 and March 2022 (253.3 vs. 286.7 units per 1,000

individuals).

Interrupted time series models estimated an immediate step

increase in antipsychotic dispensing of 26.4 units per 1,000

individuals (95% CI: 15.8–36.9) following the June 2020

structural break (Table 1). The initial increase was greater among

adolescents aged 14 to 18 (41.6 units per 1,000 individuals; 95%

CI: 20.0–63.1) relative to children between the ages of 0 and 13

(20.9 units per 1,000 individuals; 95% CI: 13.6–28.2)

(Supplementary Figure S2). The monthly antipsychotic

dispensing trend did not change appreciably following the initial

increase (0.35 units per 1,000 individuals; 95% CI: −0.26 to

0.96), although a sustained increasing monthly trend was

observed among adolescents between the ages of 14 and 18 years

(2.2 units per 1,000 individuals; 95% CI: 0.45–3.9) in stratified

analyses (Table 1).

In analyses comparing observed and forecasted rates,

antipsychotic dispensing was higher than predicted at all time
frontiersin.org

https://doi.org/10.3389/fped.2023.1282845
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/


FIGURE 1

Monthly rates of antidepressant dispensing per 1,000 Ontario residents aged 18 years and under, September 2014 to March 2022.
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points from June 2020 onward, overall and in analyses stratified by

age (Figure 2; Supplementary Tables S4–S6).
Discussion

In our study, we found sustained post-pandemic increases in

pediatric antidepressant and antipsychotic dispensing, particularly

among adolescents between the ages of 14 and 18. Although

antidepressant use initially declined, dispensing rates consistently

exceeded predicted rates from September 2020 onward. In

contrast, antipsychotic dispensing rates increased immediately

beginning in June 2020 and remained above predicted rates at all

time points thereafter. The timing of these changes corresponds

with the onset of the second pandemic wave in Ontario, Canada.

This period was notable for multiple cycles of school closures

and re-openings and the implementation of masking and

physical distancing in schools, measures which limited

opportunities for socialization and the social learning activities

conducive to supporting mental health (40). Although the

observational nature of our study limits our ability to infer

causality, the use of structural break analyses and interrupted

time series models supports a temporal relationship between the

COVID-19 pandemic and increased use of antidepressants and

antipsychotics in children and youth.

Our findings of increased antidepressant and antipsychotic

dispensing complement those of an earlier population-based

study of mental health-related health service use among Ontario

children and youth aged 3–17. Specifically, this study found a
Frontiers in Pediatrics 05
10%–15% increase in expected outpatient visits for mood and

anxiety disorders and a 9% to 30% increase in visits for

psychotic disorders beginning in July 2020 (11), corresponding

roughly to our findings of increased antidepressant and

antipsychotic dispensing beginning around June 2020. The initial

decline in antidepressant dispensing coincides with lower-than-

expected rates of mental health outpatient visits among Ontario

children and youth during the first two months of the pandemic,

with a nadir observed in April 2020 (11, 41). Furthermore,

assessments by mental health agencies caring for children and

youth declined 50% during the first two months of the

pandemic, limiting access and referrals to providers (42).

Alternatively, it is possible that school closures were initially

associated with improved mental health in some children and

youth experiencing school-related social and performance

anxieties (43, 44). Our results are also similar to those from

other jurisdictions associating the pandemic with an increased

prevalence of mental health symptoms and greater use of

antidepressants and antipsychotics among children and youth

(4–9). Our work extends these findings by demonstrating that

increased use of antidepressants and antipsychotics observed

early in the pandemic persisted even as some public health

measures were relaxed.

Although our data do not allow us to determine reasons for

persistently elevated antidepressant and antipsychotic use, one

possibility is that pandemic-associated stress and increased

experience with family stressors have resulted in a chronic

deterioration in the mental health of children and youth (42).

This assertion is supported by research demonstrating increases
frontiersin.org
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FIGURE 2

Monthly rates of antipsychotic dispensing per 1,000 Ontario residents aged 18 years and under, September 2014 to March 2022.
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in depressive symptoms and self-injury among Ontario children

and youth between the first and second waves of the pandemic

and international research showing an increased prevalence of

anxiety, depression and sleep disorders through October 2022

(42, 45). The use of antidepressants for the treatment of

persistent COVID-related mental health symptoms may have also

contributed to increased use of these drugs (46). Further

longitudinal research is required to understand the long-term

impact of COVID-19 on the mental health of children and youth

(47). Another contributing factor to persistently high

psychotropic use is difficulty weaning medication during the

pandemic, mainly during the period when most care was

delivered virtually. This is especially problematic considering the

potential for harm with antipsychotics. Specifically, these drugs

have been associated with dyslipidemia, obesity and type 2

diabetes, the risks of which increase with cumulative dose and

treatment duration (48–50). Because antipsychotic use did not

return to pre-pandemic levels following an initial increase in use,

our findings suggest that the number of children at risk of

antipsychotic-induced metabolic disorders has increased during

the pandemic. Moreover, the transition to virtual care likely

exacerbated pre-pandemic findings of low adherence to metabolic

monitoring in antipsychotic-treated children and youth, further

increasing the risk of harm (51, 52). Further research is necessary

to clarify the clinical impacts and potential for harm with the

increased antipsychotic use among children and youth.

Our study has some limitations. First, we could not assess the

appropriateness of, or indications for, antidepressant or

antipsychotic medication dispensing. Prior Canadian research has
Frontiers in Pediatrics 06
found high levels of off-label antipsychotic use in children and

youth, with most prescriptions being written to address

disruptive behavior disorders, depression, and anxiety (53).

Second, we were limited by the prescription-level data, which did

not allow us to examine individual-level characteristics associated

with dispensing trends. We are therefore unable to comment on

whether pandemic-associated changes in dispensing differed

among various strata of children and youth. We are also unable

to determine if certain demographic groups or regions are

underrepresented in the data. This may be especially important

for low-income children and youth, who our prior research

demonstrated were more likely to receive antipsychotics than

those from higher-income families (54). Furthermore, findings of

disproportionate increases in antipsychotic use among specific

sub-populations of children and youth could have ethical

implications if related to differential access to non-

pharmacologic treatments. Third, our study was conducted in a

single Canadian province, potentially limiting the

generalizability of our findings. However, our findings generally

align with those of others examining pandemic-associated

changes in psychotropic drug use in children and youth (14–

17). Moreover, we are unable to generalize our findings to

young adults between the ages of 19–24. Fourth, we were

unable to distinguish trends among drugs with different

potential for metabolic adverse effects in children and youth

(55). Finally, our study period comprised the first 24 months of

the pandemic. Additional longitudinal research is required to

understand the post-pandemic evolution in the use of

psychotropic medications in children and youth.
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Conclusion

We found higher-than-expected dispensing of antidepressants

and antipsychotics in children and youth. These increases were

sustained through nearly two years of observation and are

especially concerning in light of the potential for harm with the

long-term use of antipsychotics in children. Further research is

required to understand the clinical implications of these findings,

examine whether changes in post-pandemic use of antipsychotics

and antidepressants varied among different sub-populations of

children and youth, whether such differences reflect differential

access to non-pharmacologic therapies, and develop strategies

supporting the uninterrupted provision of non-pharmacologic

therapies to children and youth with mental health conditions

during future pandemics and other periods of long-term stressors.
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