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ABSTRACTABSTRACT

INTRODUCTION.INTRODUCTION. To assess the effect of long-term isolation on the mental state of Danish youth. This study aimed to
investigate trends in paracetamol overdoses among people under 18 years of age in Denmark during COVID-19 restrictions as
an indicator of mental health.

METHODS.METHODS. All patients under the age of 18 years presenting with paracetamol overdose at one of the 18 paediatric
departments in Denmark from 2016 to 2021 were included. They were identified in all Danish hospital databases using specific
diagnostic codes.

RESULTS.RESULTS. From 2016 to 2021, a total of 3,217 people under 18 years of age were admitted for paracetamol overdose. Among
these, 86% (n = 2,755) were girls and 14% (n = 462) were boys. During 2020, a slight (7%) decrease in admissions was observed
among both boys and girls compared with the preceding four-year mean value. In 2021, the number of overdoses among girls
exceeded by 35% the former all-time high from 2016. Furthermore, the number of overdoses among girls exceeded the pre-
four-year period mean value by 43%. Among boys, an 8% increase was seen from the highest ever previous value recorded in
2019 and a 23% increase compared with the previous four-year mean value.

CONCLUSIONS.CONCLUSIONS. During the first year of restrictions, a slight decrease in paracetamol overdoses was observed, possibly
associated with limited accessibility. The second year showed a considerable increase in paracetamol overdoses, which may
imply an affected mental state among youth during the prolonged lockdown restrictions as seen in previous epidemics.
Therefore, further studies are warranted to develop a pandemic preparedness plan to protect general mental health.

FUNDING.FUNDING. None.

TRIAL REGISTRATION.TRIAL REGISTRATION. Not relevant.

.

The World Health Organization (WHO) declared COVID-19 a global pandemic on 11 March 2020. COVID-19
originated in a zoonotic strain of virus in the Wuhan Region of China and quickly spread across the globe. The
virus had a high fatality rate and was very contagious, which led to a widespread focus on containing and
limiting the spread of the virus [1, 2]. Danish COVID-19 restrictions were applied by law on 10 March 2020, when
public events counting more than 100 people were forbidden. Further restrictions were introduced eight days
later, limiting gatherings of people to a maximum of ten. During the next two years, restrictions varied in
relation to the current infection numbers and predicted trends. All restrictions were lifted on 1 February 2022
[3]. The consequences of the COVID-19 restrictions on paracetamol overdose in Danish children have not been
studied.

Paracetamol is the primary over-the-counter drug in Denmark and across the world owing to its analgetic and
antipyretic effects with few to no side effects when administered in therapeutic dosages [4]. Paracetamol is
metabolised in the liver. If excessive amounts of the drug are ingested, an accumulation of the toxic metabolite
N-acetyl-p-benzoquinone-imine causes severe liver damage and, if left untreated, liver failure [5].

To limit the accessibility of paracetamol in Denmark, two restrictions have been introduced. In 2011, the sale of
paracetamol was restricted to people above 18 years of age; in 2013, package restrictions limited the size of over-
the-counter packages to 10 × 500 mg. This triggered an immediate decrease in paracetamol overdoses among
Danish adolescents [6]. According to the national Danish database eSundhed, this decreasing trend remained in
place for the following two years after which paracetamol suicide attempts stabilised. In general, a severe
overrepresentation was observed of female-related paracetamol overdoses in Danish hospitals [7] Similar trends
were recorded in Ireland, England and the USA [8-10]. eSundhed had data until 2018, leaving the influence of
pandemic restrictions and lockdowns unknown.

This study aimed to investigate trends in paracetamol overdoses among people under 18 years of age in Denmark
during the COVID-19 restrictions.
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METHODSMETHODS

A retrospective observational study was conducted using national hospital databases. Data on paracetamol
overdose from January 2015 to December 2021 were retrieved from all paediatric departments in Denmark using
codes based on the International Classification of Diseases, version 10. The diagnostic codes related to
paracetamol overdose were DT398 and DT398A. The employed hospital databases record all incidents across
Denmark and link each incident to a personal identification number (CPR) to obtain the sex of the patient. The
total annual incidence of paracetamol overdoses was given for girls and boys separately.

Inclusion and exclusion criteriaInclusion and exclusion criteria

Patients under 18 years of age who presented with the diagnostic code for paracetamol overdoses were included
when admitted to the hospital. No distinction was made between accidental overdoses and intentional
overdoses; therefore, accidental overdoses were included in the study. The quantity of paracetamol was not
available, so all children and adolescents who overdosed on paracetamol were included. An overdose was
defined as a dose that exceeded the therapeutic doses. Data from the year 2015 were excluded due to incomplete
data related to a change in IT provider. This problem was solved in 2016.

Trial registration: not relevant.

RESULTSRESULTS

From January 2016 to December 2021, a total of 3,217 children and adolescents with paracetamol overdoses were
admitted to Danish hospitals. Among these, 86% were girls (n = 2,755) and 14% (n = 462) boys. The annual
incidences and the distribution between boys and girls is presented in Figure 1Figure 1.

.

Within the first year of COVID-19 restrictions (2020), a slight decrease (7%) was seen in paracetamol overdoses (n
= 472) compared with the mean value for the previous four years (n = 509). However, the incidence was lower in
2018 (n = 451) than in 2020. This was similar for both boys and girls who also recorded a 7% decrease compared
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with the mean value for the previous four years. The boys decreased from n = 75 to n = 70 and the girls from n =
434 to n = 402.

During 2021, the second year of COVID-19 restrictions, the total number of paracetamol overdoses increased by
40% from a mean value of 509 the four years before COVID-19 restrictions to 711 in 2021. The increase was
highest in girls: 43% from 434 to 619; and lowest in boys: 23% from 75 to 92. Similarly, the total number of
paracetamol overdoses (n = 711) was 34% higher than the previous maximum (n = 531) recorded in 2017. The
girls (n = 619) recorded the highest increase (35%) from the previously highest observed value (n = 458) in 2016,
whereas the boys (n = 92) presented with the lowest increase (8%) from the previous maximum (n = 85), recorded
in 2019.

DISCUSSIONDISCUSSION

This study was the first to study hospital admissions for paracetamol overdoses on a national level during the
Danish COVID-19 restrictions. In the first year of restrictions, a slight decrease in the number of overdoses was
observed among girls and boys. However, this was followed by a large increase in 2021 among girls and boys
alike. The increase was primarily driven by a rise among the girls. These surges in paracetamol overdoses
among young people are of great concern because this specific overdose is often taken with suicidal intention.

Different containment strategies have been adopted around the world [11]. In Denmark and many other
European countries, lockdown was the preferred solution to ensure the containment of SARS-CoV-2. According
to an English study, the lockdown strategy even proved to be the most effective way of containing and reducing
the fatality of SARS-CoV-2 [12]. The containment strategy may potentially explain why no increase was observed
in paracetamol overdoses in 2020 as people tended to stay in their homes, thus limiting their trips to pharmacies
and grocery stores to a minimum, resulting in limited access to paracetamol in the homes. England observed a
decrease in paracetamol overdoses in the first year of the lockdown [13]. According to Shield et al., this decrease
was thought to be related to a combination of limited access and a national shortage of paracetamol. Another
reason explaining the decrease may be the early promise of a vaccine, which may have made the restrictions
more tolerable, knowing that they would remain in place only for a limited period of time [13].

The isolation period kept being prolonged as new strains of SARS-CoV-2 emerged, and restrictions continued
into 2021 even though COVID-19 vaccination was in progress. Despite having vaccinated most of the adult
population, the government relied on maintaining the lockdown strategy. During this time, the amount of
children and adolescents presenting at the hospital with paracetamol overdose rose progressively. This
coinciding correlation between the duration of the isolation and the surge in paracetamol overdoses may
potentially imply an affection of the mental health among the Danish children and adolescents. Continued social
isolation and loneliness are well-known indicators of developing depressive symptoms [14]. Almeida et al. found
a significant relationship between social isolation and suicidal ideation, and the correlation was seen to be
increasingly significant when the feeling of loneliness increased [14]. Prolonging lockdown restrictions and
thereby social isolation and possibly increased loneliness are all coinciding factors that may potentially explain
the observed rise in paracetamol overdoses. Also, it was harder for the professional caregivers (teachers,
psychologist, etc.) to identify loneliness and despair in the young people so that the right measures could be
taken and the necessary treatment could be initiated in time to avoid paracetamol overdoses.

Isolation strategies like those used during the COVID-19 pandemic were applied during the Ebola epidemic in
2014. The West African governments enforced several laws, which included the closing of schools and non-
essential public facilities. Studies investigating the effects of isolation found that enforced isolation seemed to
create a fear-related behaviour that predisposes to future harm both physically and mentally [15]. Similar anxiety
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tendencies were found during the H1N1 pandemic in 2009. Bults et al. found increasing anxiety among the study
participants correlating with the progressive spread of the virus [16]. Anxiety related to isolation was also
documented in a study investigating the effects of the SARS-1 epidemic in 2003. This study found increased
depression among those isolated, which seemed to be positively correlated with the length of isolation. Variables
such as age, education, and family relation had no significant impact [17].

Anxiety and depression were some of the most frequently reported reactions to the COVID-19 epidemic,
especially in children and adolescents [18]. An English study showed that children and adolescents were more
disposed to anxiety and depression during the COVID-19 pandemic [12].

These studies related to previous viral outbreaks and the restrictions seemed to highlight a tendency towards an
affected mental state among the studied participants. It remains unclear whether similar tendencies were found
among the Danish youth during the COVID-19 outbreak restrictions. However, the large increase in paracetamol
overdoses may potentially imply an affected mental state among Danish adolescents. Follow-up studies
exploring this trend are warranted to investigate if the increase was an outlier related to COVID-19 restrictions or
if a permanent increase in paracetamol overdoses among the Danish adolescence was seen and, if so, to identify
the reasons behind it. Lastly, studies are needed on how to prevent an increase in paracetamol overdoses in case
of another viral outbreak that requires restrictions such as a lockdown.

LimitationsLimitations

The study had limitations. Firstly, it was not possible to separate the cohort into separate age groups. Therefore,
the study included accidental overdoses among babies and children, which did not reflect an affected mental
state. Secondly, the study period was too short to conclude whether the increase found in 2021 was related to
COVID-19 restrictions or if paracetamol overdoses are on the rise. Thirdly, if the same person was admitted more
than once, this would count as multiple overdoses; however, this was also the case for the years leading up to
COVID-19, so the data are comparable. Also, the number of admissions are a marker of the problem size even if
some persons were hospitalised more than once. Lastly, parallels between an increase in intentional
paracetamol overdoses and affected mental state should be drawn with caution. However, paracetamol seems to
be the drug of choice for suicide attempts among the Danish youth, which may render it viable as an indicator of
mental health.

CONCLUSIONSCONCLUSIONS

During the first year of restrictions in the COVID-19 pandemic, a slight decrease was observed in paracetamol
overdoses, possibly connected to limited accessibility. The second year recorded a considerable increase in
paracetamol overdoses, which may imply an affected mental state among children and adolescents during the
prolonged lockdown restrictions as seen in previous epidemics. Therefore, further studies are warranted to
prevent and protect general mental health in a future epidemic.
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