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A B S T R A C T
IMPLICATIONS AND
Purpose: The COVID-19 pandemic has been associated with a decline in mental health of ado-
lescents. The aim of this study was to analyze the rate of deliberate self-poisonings (DSPs) among
adolescents reported to the Dutch Poisons Information Center before and during the COVID-19
pandemic.
Methods: A retrospective study from 2016 until 2021 was performed to characterize DSPs among
adolescents, and to analyze trends in the number of DSPs. All DSPs among adolescents with the age
of 13 up to and including 17 years were included. DSP characteristics included: age, gender,
bodyweight, used substance, dose, and treatment advice. Trends in the number of DSPs were
analyzed using time series decomposition and Seasonal Autoregressive Integrated Moving Average
models.
Results: Six thousand nine hundred fifteen DSPs in adolescents were recorded from January first
2016 until December 31st 2021. Females were involved in 84% of adolescent DSPs. A strong in-
crease in the number of DSPs was observed in 2021 (45% increase compared to 2020), which
deviated from the predicted trend based on previous years. This increase was most prominent in
13-, 14-, and 15-year-old female adolescents. Commonly involved drugs were paracetamol,
ibuprofen, methylphenidate, fluoxetine, and quetiapine. The contribution of paracetamol rose from
33% in 2019 to 40% in 2021.
Discussion: The strong increase in the number of DSPs during the second year of the COVID-19
pandemic suggests that long-term containment measures such as quarantines, lockdowns, and
school closures may enhance self-harm behavior among adolescents, especially among younger
females (13e15 years of age), with a preference for paracetamol as DSP substance.
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The COVID-19 pandemic
has been associated with a
decline in mental health of
adolescents. This study
supports this association
by showing a considerable
increase in deliberate self-
poisonings reported to the
Dutch Poisons Informa-
tion Center, predomi-
nantly among female
adolescents, during the
second year of the COVID-
19 pandemic. This in-
crease was especially
prominent in younger ad-
olescents (13e15 years).
Over-the-counter analge-
sics paracetamol and
ibuprofenwere most often
used in deliberate self-
poisonings among
adolescents.
The COVID-19 pandemic has been associated with a decline in
mental health, in particular in adolescents and young adults. This
may be due to measures taken to limit the spread of the SARS-
CoV-2 virus, such as quarantines, lockdowns, and school clo-
sures. In the Netherlands, mitigation measures started in March
2020, with a general lockdown preventing children and
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adolescents to enter school, sport clubs, or other social gather-
ings. This was followed by strict and less strict measures alter-
nating until the first quarter of 2022. Early studies showed a
COVID-19 pandemic-related decrease in social interactions, and
an increase in depression and anxiety in adolescents and young
adults [1,2]. Such effects could translate into an increase in self-
harm behavior, including deliberate self-poisonings (DSPs).

In Western society, DSP is the predominant method by which
adolescents intentionally harm themselves [3e14]. Over-the-
counter (OTC) analgesics, in particular paracetamol and
ibuprofen, are the predominant substances used for DSPs by
adolescents, followed by antidepressants and sedatives/hyp-
notics [6e9,15]. The preferred DSP substances may differ be-
tween boys and girls, with girls predominantly using analgesics,
and boys more prone to using sedatives, hypnotics and/or anti-
psychotics [9]. Several risk factors for DSPs among adolescents
have been described: female gender [7e11,15e17], older age
[9,10,15], school terms/school pressure [7,15], and socio-
economic deprivation [18].

Only a few reports have been published studying the effect of
the COVID-19 pandemic on DSP rate among adolescents. In the
United States, data from the Poisons Control Centers’ National
Poison Data System showed an increase in the proportion of
adolescent intentional exposures with a suicide intent during the
first 1.5 year of the COVID-19 pandemic compared to the pre-
pandemic period, with a higher proportion of patients with
moderate/major clinical effects and deaths [19]. The data of the
French National Database of Poisonings showed a strong increase
in DSPs among 12e24-year-olds starting halfway through the
first year of the COVID-19 pandemic, particularly among females,
although no distinction was made between adolescents and
young adults [20]. In neither of these studies an adolescent-
specific trend analysis including the first 2 years of the
pandemic was performed, nor were specific age groups analyzed
separately.

The aim of the present study was a) to analyze trends in the
number of adolescent DSPs reported to the Dutch Poisons In-
formation Center (DPIC), comparing the first 2 years of the
COVID-19 pandemic (2020e2021) with the prepandemic years
2016e2019, and b) to further characterize these DSPs in terms of
demographics and exposure type.

Materials and Methods

Study design and patient population

A retrospective analysis of adolescent DSPs reported to the
DPIC from January first 2016 until December 31st 2021was per-
formed, covering 2 years of the COVID-19 pandemic (In the
Netherlands, March 11th 2020 is regarded as the starting date of
the COVID-19 pandemic). Data were subtracted from the DPIC’s
database, which consists of inquiries received by telephone from
Dutch health care professionals about acute intoxications. In this
database, anonymous case information is recorded using a
standard data format, to ensure uniform data collection. Inquiries
involving adolescents (from 13 to and including 17 years old)
who exposed themselves to substances with the (suspected)
intent of self-harmwere included. Exposures to drugs of abuse or
alcohol with no clear intent of self-harm were excluded. Acci-
dental exposures, for instance medication errors, were also
excluded. Cases were assessed against the inclusion and exclu-
sion criteria by three authors and any disagreements were
resolved through consensus. For each DSP, the following pa-
rameters were registered: date and time of the inquiry, patient
characteristics (age, gender, and bodyweight), exposure charac-
teristics (involved substance, dose, route, day of exposure), intent
(accidental/intentional), symptoms at the time of DPIC consul-
tation, and treatment advice. Multiple inquiries regarding the
same patient and same exposure(s) were analyzed as a single
case. The monthly and yearly number of DSPs and the DSP rate
(number of monthly adolescent DSPs relative to total monthly
number of received inquiries about human intoxications) were
determined. The DSP rate was included to rule out that possible
trends among adolescents were caused by overall changes in the
total number of inquiries to the DPIC (regardless of age). In
addition, data regarding the total number of adolescents living in
the Netherlands from 2016 until 2021 was obtained from the
Central Office for Statistics [21] and was compared to trends in
adolescent DSPs reported to the DPIC.

The Dutch Medical Research Involving Human Subjects Act
did not apply to this retrospective cohort study, since the ob-
tained informationwas anonymous and not traceable to personal
data.

Statistical analyzes

Descriptive statistics (percentage, median, interquartile
range) were used to provide an overview of patient character-
istics (e.g., age, gender), exposure characteristics (e.g., type of
exposures), and treatment advice. Analyzes were conducted us-
ing IBM SPSS Statistics (version 26.0.0.1; IBM, Armonk, NY) and R
studio version 2022.12.0 for Windows (R version 4.2.2; Boston,
MA). The DSP rate over timewas considered as a time series with
the “ts” function in R and decomposed into three components
(“trend,” “seasonal,” and “random”). After removing the trend of
the time series, we fitted a Seasonal Autoregressive Integrated
Moving Average (SARIMA) model on prepandemic data in the
Netherlands (2016eFebruary 2020). Normality of the residuals
and goodness of fit of the model were checked. This SARIMA
model was used to predict what the DSP rate would have been in
2021e2022 without a pandemic (with 95% confidence intervals).
Observed DSP rate and DSP rate predicted by the SARIMA model
were compared. For further information, see the supplementary
data. Further, we considered the time series of DSP rates sepa-
rately for school days and weekend days. The average number of
DSPs per school day (MondayeFriday) and weekend day (Sat-
urdayeSunday) was calculated for each month. Since the pattern
and seasonal effects were similar for the average number of DSPs
during school days and weekend days, a paired t test was per-
formed to compare both types of days. Finally, we also analyzed
the time series of DSP rates separately for girls and boys. Chi-
square tests (IBM SPSS 26.0.0.1) were performed in order to
compare the DPIC’s treatment advice between DSPs with and
without paracetamol.

Dutch poisons information center procedure and definitions

The DPIC provides a 24/7 telephone service giving expert
advice to Dutch health care professionals on the diagnosis and
treatment of patients exposed to potentially toxic substances.
Advice can be requested on a voluntary basis whenever needed.
The term “exposure” is defined as an actual or suspected contact
with any substance through ingestion, inhalation, absorption,
application to, or injection into the body. A mono-intoxication is
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defined as contact with only one substance, whereas a multi-
intoxication is defined as contact with two or more substances.
Not all exposures reported to the DPIC result in toxic effects,
since this depends on the dose the patient has been exposed to.
For each patient, the DPIC performs a risk assessment, based on
reported dose of exposure (mg/kg) and symptoms at the time of
DPIC consultation, resulting in one of the following types of
treatment advice (based on a pure medical toxicological point of
view): observation at home (when estimated to be no or a mild
intoxication) or further medical examination by a physician,
followed by hospital observation if necessary (when estimated to
be a potentially moderate/severe intoxication). Obviously,
observation in a hospital or psychiatric institution could also be
warranted because of psychiatric reasons; in the Netherlands,
this judgment is made by the patient’s physician (e.g., general
practitioner or emergency physician).
Results

Patient characteristics and trend analysis

From January first 2016 until December 31st 2021 the DPIC
received a total of 208,626 inquiries concerning acute human
intoxications. A total number of 10,875 inquiries involved ad-
olescents of 13 to and including 17 years of age, of which 6,915
were included as adolescent DSP (Figure 1). Eighty-four percent
of the DSPs involved female adolescents (Table A1). The median
age of both adolescent males and females was 16 years (inter-
quartile range 15e17 years). The time series decomposition
showed a general trend; the monthly number of DSPs slowly
increased between 2016 and mid-2018, then decreased from
2019 to mid-2020, followed by an abrupt increase from mid-
2020. The observed DSP rate well exceeded the 95% confi-
dence interval of the DSP rate predicted by the SARIMA model
in March and November 2021 (Figure 2, Figure A1A). The
number of DSPs increased with 45% in 2021 compared to 2020
(n ¼ 1,512 vs. n ¼ 1,044, respectively, Table A1). The increase in
DSP rate was much higher among girls than among boys, with
an increase of 50% for girls versus 20% for boys in 2021
compared to 2020 (Table A1 and Figure A1B). Hence, as further
confirmed by the SARIMA model (data not shown), the overall
increase in adolescent DSPs was mainly attributable to the in-
crease in female adolescent DSPs. Moreover, the increase was
Total number of patients: 
208626

Adolescents, 13-17 years:
10875

Adolescents,13-17 years, 
accidental exposures:

3059

Adolescents,13-17 years, 
intentional exposures:

7816

Adolescents,13-17 years, 
intentional, non-DSPs*:

901

Adolescents,13-17 years, 
deliberate self-poisonings:

6915
*Intentional exposures in the context of 
abuse,  use of alcohol, peer-pressure,…

Figure 1. Patient selection flowchart, covering all inclusions from January first
2016 until December 31st 2021.
most prominent among 13-, 14-, and 15-years olds (49%, 75%,
and 77% increase (2021 vs. 2020) respectively), although the
number of DSPs also increased among 16- and 17-year old ad-
olescents (27% and 21% increase (2021 vs. 2020), respectively)
(Table A1, Figures A1C and D). The total number of DPIC con-
sultations (regardless of age) did not increase during this period
(Figure A1C).

Furthermore, a clear seasonal effect was observed, with
lower numbers of DSPs in July and August. Interestingly, the
number of DSPs was also dependent on the day of the week:
throughout the study period, the frequency of DSPs during
weekend days was generally lower than during school days
(paired t test, p value < .001) (Figure A1E), with Monday dis-
playing the highest frequency of DSPs and Saturday the lowest
(Figure A1F). Taken together, our data show a strong increase in
the number of adolescent DSPs starting in the second half of the
first year of the COVID-19 pandemic, and continuing in the
second year.

Characteristics of substances used in deliberate self-poisonings

Approximately two-thirds (n ¼ 4,828, 70%) of DSPs involved
exposure to a single substance (mono-intoxication) and one-
third (n ¼ 2,087, 30%) comprised DSPs with exposure to two or
more substances (multi-intoxication) (Table A1). The most
commonly used substances were paracetamol, ibuprofen, and
methylphenidate, covering 36%, 14%, and 7% of all adolescent
DSPs in 2016e2021 (Figure 3A). The proportion of paracetamol
involved in DSPs increased from 32% in 2019 to 40% in 2021
(Figure 3B). The ratio of the number of DSPs with single sub-
stance versus multi-substance exposure was age-dependent
(Figure A2A). Younger adolescents (13 and 14 years of age) dis-
played a higher frequency of single substance exposures
compared to older adolescents (16 and 17 years of age). Use of
the various substances changed with age. For instance, the use of
paracetamol in DSPs was highest among 13- and 14-year-old
adolescents (42%), but decreased to 30% in 17-year-olds. Older
adolescents tended to use prescription drugs more often (e.g.,
fluoxetine, sertraline, quetiapine, oxazepam, and lorazepam)
compared to younger adolescents (Figure A2B), although para-
cetamol use was still dominant. In addition, the preference for
the type of pharmaceutical differed between boys and girls.
Paracetamol and ibuprofen were involved in 38% and 16% of all
DSPs in females, respectively, compared to 25% and 8% of all DSPs
in males (Figure A2C). In contrast, methylphenidate was used
considerably more often in DSPs by boys (12% in boys, vs. 6% in
girls).

Treatment advice

Since follow-up data are not routinely registered by the DPIC,
it is not possible to report the clinical outcome and severity of the
DSPs. As alternative, the treatment advice given by the DPIC,
which is based on the estimated severity of the DSP, was further
analyzed. During the period 2016e2021, 51% of adolescents were
advised to be observed at home (estimated low risk for serious
clinical effects), whereas in 49% of the cases medical examination
or hospital observation was advised (estimated high risk for
serious clinical effects). During the period 2016e2020, the
annual proportion of patients with the advice “medical exami-
nation or hospital observation” varied between 46% and 50%. In
2021 this proportion increased to 54%, suggesting a larger share



Figure 2. Trends in DSPs by adolescents. (A) SARIMA model of expected rate of DSPs in 2021. The red line represents the percentage of adolescent DSPs relative to the
total number of patients reported to the DPIC, per month. The blue line represents the expected percentage of adolescent DSPs from March 2020 onward. CI ¼
confidence interval. (B) DSP rates for girls and boys. Each dot represents the monthly DSP rate (percentage of male (gray circles) or female (black circles) adolescent
DSPs in a particular month relative to the total number of patients reported to the DPIC in that month). Dotted lines represent fourth order polynomial trend lines.
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of DSPs with an estimated risk of serious clinical effects
(Figure A1D). Moreover, DSPs with paracetamol weremore likely
to result in the advice “medical examination or hospital obser-
vation” compared to DSPs without paracetamol (Chi-square, df¼
1, 82.28, p value < .001), suggesting that DSPs with paracetamol
may have a higher risk of serious clinical effects.

Discussion

In this study, a strong increase in the number of adolescent
DSPs was observed during the COVID-19 pandemic, starting
halfway through the year 2020, particularly among young female
adolescents (13e15 years old). Predominant substances used in
DSPs were OTC analgesics (paracetamol, ibuprofen), of which
paracetamol showed an increase in its contribution to DSPs in
2021. Moreover, the proportion of DSPs estimated to cause a
more serious clinical course increased in 2021. These observa-
tions suggest a strong effect of the COVID-19 pandemic on self-
harm behavior through self-poisoning, predominantly by
young females.

An important but difficult to answer question is if there is a
causal relation between the observed increase in adolescent
DSPs, especially among females, and the COVID-19 pandemic.
Similar to most parts of the world, several measures were taken
in the Netherlands during the COVID-19 pandemic to mitigate
the spread of the SARS-CoV-2 virus, including social distancing,
general lockdowns, and curfews. Far-reaching socially isolating
measures could have a profound effect on mental wellbeing of
adolescents, although recent studies show conflicting results.
Several studies have shown signs of deteriorating mental health
among adolescents during the COVID-19 pandemic [20,22e32],
whereas studies from the Netherlands, Sweden, and Canada
showed no difference or even a decrease in the incidence of
mental health problems in 2020 compared to pre-COVID-
19 years in adolescents [33e37]. Sincemost of these studies were
conducted within the first year of the COVID-19 pandemic, the
study period could have been too short to observe robust
changes in mental health. Moreover, country-specific differences
in mitigation measures may also affect study outcomes. A large
Dutch study conducted in October 2021eJanuary 2022 among
adolescents showed that the life satisfaction and emotional
wellbeing had declined considerably, especially among girls,
compared to the previous reference year 2017 [38]. This suggests
that socially isolating measures that were prolonged up to the
second year of the pandemic may have had more impact.
Moreover, this study emphasizes that boys and girls may react
differently on social and societal stressors.

Despite the unclear picture of the impact of the COVID-19
pandemic on adolescent mental health, a limited number of
studies have shown a relation between the COVID-19 pandemic
and increases in adolescent DSP rate. A recent study by Wang
et al., in which prepandemic adolescent exposure calls received
by US poison centers were compared with those of the first
1.5 years of the COVID-19 pandemic, showed a considerable in-
crease in the proportion of intentional exposures with a suicide
intent [19]. Moreover, there was an increase in the proportion of
adolescents requiring hospital admission and in the proportion
of moderate/major clinical effects and mortality. These data are
in line with our data which show an increase in adolescent DSPs
with a potentially more severe outcome (with the advice of
further medical examination or hospital observation). Another
similarity between this study and ours was the observation that
the proportion of calls involving OTC analgesics increased during
the pandemic. Two additional US studies, based on poison center
calls during the first year of the COVID-19 pandemic, further
confirmed the increase in DSPs among adolescents [39,40]. In
Europe, limited data have been published regarding adolescent
DSPs during the COVID-19 pandemic. In a study by Jollant et al.,
suicide attempts reported to French poison centers until 31st
May 2022 were analyzed for different age groups, including 12e
24 year olds [20]. French measures to mitigate the SARS-CoV-2
virus were comparable with Dutch measures, with a number of
lengthy lockdowns and curfews, although the last curfew in
France ended in June 2021, while the last lockdown in the
Netherlands ended in February 2022. Especially among young
females (12e24 years old) an increase in DSPs was observed in
France, starting in the second half of 2020. This observation is in
line with our data, although we further differentiated between
different ages within the age group 13e17 years. This differen-
tiation showed that the increase in DSPs was stronger among
younger adolescents. As with the study of Jollant et al., our study
showed gender-specific trends, with a strong increase in the
number of female DSPs. This gender-specific effect is in line with
the aforementioned study by Boer et al., which observed a



Figure 3. Substances used in DSPs by adolescents. (A) Fifteen most frequently used substances during 2016e2021 as percentage of the total number of DSPs in 2016e
2021. (B) Annual contribution of the five most frequently used substances in DSPs as percentage of the total number of DSPs in a particular year.
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decline in themental wellbeing in 2021, mainly among girls 2021
[38]. Moreover, the general observation that girls are more often
involved in DSPs than boys, has been shown previously [11,15].
The onset of the increase in DSP number (starting halfway 2020)
was comparable between France and the Netherlands, which
may be explained by the corresponding timing of measures
taken to limit the spread of the SARS-CoV-2 virus.

A large share of OTC medication in DSPs among adolescents
has been shown before [6,7,9,11,15,19]. Such drugs are easily
accessible and are often available at home for general use. At
therapeutic dose, paracetamol is regarded as a relatively safe
analgesic with little adverse effects. However, acute and chronic
overdose can result in (severe) liver damage, if not treated
correctly [41]. Our data show that the proportion of adolescent
DSPs involving paracetamol increased during the COVID-19
pandemic, probably due to the increase of younger adolescents
involved in DSPswho predominantly use paracetamol. Moreover,
our data suggest that DSPs with paracetamol may have a higher
risk of serious clinical effects compared to DSPs without para-
cetamol. These observations raises the question whether m
measures should be required to limit the access to paracetamol,
but also other drugs involved in DSPs,. Preventivemeasures could
include limiting dispensing of prescription medication to ado-
lescents and restricting the sale of OTCmedication to adolescents.
In addition, indirect measures to prevent self-harm could be
considered. For instance, early identification, assessment and
treatment of adolescents with possible suicidal behavior may
help to prevent DSPs. Practitioners, parents/caregivers, and
teachers could be educated to pick up warning signs of suicidal
behavior. Easy access to mental health care and losing the stigma
associated with asking for mental care may be important as well
[10]. Finally, societal stress factors underlying the general dete-
rioration ofmental wellbeing of adolescentsmay be addressed. In
our study the frequency of DSPs was higher during schooldays
and lower during the months of summer holidays, suggesting
that school-related stress may be a risk factor for self-harm
behavior. Programs to mitigate school-related stress, e.g., stress
to perform or stress as result of bullying, may help to improve the
mental wellbeing of adolescents.
Limitations

This retrospective study has a number of limitations. First,
our data are subject to under-reporting. Health care pro-
fessionals are not obliged to contact the DPIC in case of a
DSP, resulting in an underestimation of the number of DSPs
among adolescents in the Netherlands. Second, health care
professionals may be more inclined to consult a Poison
Control Center when they expect a more severe outcome of
the DSP, which could lead to an overrepresentation of DSPs
with the advice to medically examine or observe the patient
in hospital. Third, the anamnesis regarding the exposure is
usually based on self-reporting by the patient. Exposures are
generally not analytically confirmed. Fourth, since patient
data are anonymous, it is not possible to indicate whether
individuals have been included in the study multiple times
due to multiple DSPs. Fifth, in almost every case the final
medical outcome of the DSP is unknown, since the DPIC does
not routinely conduct follow up. Finally, in a small subset of
cases (approximately 2%) the true intent of the patient was
not clear. In these cases inclusion was based on exposure
scenario.
Conclusion

The second year of the COVID-19 pandemic (2021) showed a
strong increase in DSPs among adolescents, especially among
girls and 13-, 14-, and 15- year-old children. Adolescent DSPs
predominantly involved the OTC analgesics paracetamol and
ibuprofen, of which the share of paracetamol showed a dispro-
portional increase during the COVID-19 pandemic. Measures
should be considered to limit access to OTC medication and
prescription drugs. These measures may include restriction of
the sale and dispensing of drugs to adolescents, or limiting the
availability of these drugs at home. Our data suggest that social
and societal stressors associated with pandemics may have an
impact on self-poisoning behavior among adolescents, especially
among younger girls.
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Supplementary Data

Supplementary data related to this article can be found at
https://doi.org/10.1016/j.jadohealth.2023.02.041.
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