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Abstract 

Background  Non-natural mortality in children and adolescents is a global public health problem that varies widely 
from country to country. Data on child and adolescent maltreatment are not readily available, and mortality due 
to violent causes is also underestimated.

Methods  Injury-related mortality rates (overall and by specific causes) from 2000 to 2018 in selected European coun-
tries were analysed to observe mortality patterns in children and adolescents using data from the Eurostat database. 
Age-standardized mortality rates per 100,000 person-years were calculated for each country. Joinpoint regression 
analysis with a significance level of 0.05 and 95% confidence intervals was performed for mortality trends.

Results  Children and adolescent mortality from non-natural causes decreased significantly in Europe from 10.48 
around 2005 to 5.91 around 2015. The Eastern countries (Romania, Bulgaria, Poland, Slovakia, Czech Republic) had 
higher rates; while Spain, Denmark, Italy, and the United Kingdom had the lowest. Rates for European Country declined 
by 5.10% per year over the entire period. Larger downward trends were observed in Ireland, Spain and Portugal; smaller 
downward trends were observed for Eastern countries (Bulgaria, Czech Republic, Poland, Slovakia) and Finland. Among 
specific causes of death, the largest decreases were observed for accidental causes (-5.9%) and traffic accidents (-6.8%).

Conclusions  Mortality among children and adolescents due to non-natural causes has decreased significantly 
over the past two decades. Accidental events and transport accidents recorded the greatest decline in mortality rates, 
although there are still some European countries where the number of deaths among children and adolescents from non-
natural causes is high. Social, cultural, and health-related reasons may explain the observed differences between countries.

Key Messages 

• The mortality of children and adolescents due to non-natural causes has decreased significantly in the last two decades;

• Substantial differences between countries were found in the trend of non-natural causes of death in children 
and adolescents;

• Accidental events and transport accidents showed the greatest decrease in mortality;

• In some European countries, there is still a high number of deaths in children and adolescents that are due to non-
natural causes;
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Introduction
The death of children and adolescents from non-natural 
causes is a tragic phenomenon that occurs in all countries 
of the world, although some countries are more affected 
than others. Although from 1990 to 2019, the under-
20 years old mortality rate decreased in all countries, in 
2019 alone, there were almost 1 million deaths in chil-
dren and adolescents (5–14 years) worldwide [1], almost 
all of which were due to non-natural causes [2, 3]. From 
a medical perspective, natural death refers to deaths that 
occur solely as a result of disease or natural processes (e.g., 
old age or internal malfunctions of the body not directly 
caused by external forces). Natural deaths contrast with 
non-natural deaths, which include homicide, suicide, and 
accidents. In all of these cases, the causes are potentially 
preventable because an external and violent event occurs 
that leads to the person’s death [4]. The 2030 Agenda for 
Sustainable Development [5] identified reducing under-5 
years old mortality rates and preventing injuries, violence, 
harmful practices, and substance abuse among youth as 
key targets. In developed countries, deaths among children 
and adolescents have become rare thanks to declines in 
deaths from infectious diseases or cancer, as demonstrated 
by recent literature reports [6, 7]. However, injury-related 
causes remain the most common cause of death among 
children and adolescents [3, 8], and the number of children 
who are victims of neglect and/or non-accidental trauma 
is also often underreported [9–12]. In general, there are 
many reports of non-natural deaths in children and ado-
lescents, but the crucial problem is that they are too rarely 
subjected to forensic autopsy [13, 14]. Particularly in the 
case of children, an autopsy is too often not performed 
because it is considered inappropriate, as it would violate 
the innocence of the young victims. Social, cultural, and/
or religious factors may play a crucial role from country to 
country [15, 16]. However, this leads to a dangerous lack 
of forensic investigation. Especially in Italy, data on child 
and adolescent maltreatment are not readily available [17] 
and mortality due to violent causes is also underestimated 
[18, 19]. This fact was also confirmed by direct experience 
in the city of Milan. When evaluating the total number of 
children and adolescents recorded in the archives of the 
city of Milan who died from non-natural causes, we found 
that only about half of them were autopsied at the Institute 
of Forensic Medicine of Milan (one of the largest in Italy) 
[20, 21]. This represents an enormous loss of information, 
not only from a medico-legal point of view (i.e. signs of 
abuse or violence), but also from an epidemiological per-
spective and in terms of public health in its broadest sense. 

Moreover, such an attitude is not at all protective of a vul-
nerable group of people such as children and adolescents, 
who are at greater risk of becoming victims of direct and 
indirect violence [13, 22].

We therefore wondered whether such a critical atti-
tude may be also found in other European countries 
and concluded that it is impossible to obtain reliable 
information on the number of autopsies (especially 
judicial ones) in each of these countries. Therefore, we 
decided to look at the issue of non-natural deaths in 
children and adolescents from a broader perspective. 
Knowing the most common causes of violent and trau-
matic deaths in children and adolescents and the places 
where they occurred can be an excellent starting point 
for considering this issue, at least from a European per-
spective. Even in high-income countries, it is important 
to monitor recent trends in non-natural child mortal-
ity so that policy makers and stakeholders can identify 
what actions can be taken to reduce it. This study is the 
first to examine mortality from non-natural (and thus 
potentially preventable) causes among children and 
adolescents in European countries. Depending on data 
availability, injury-related mortality rates from 2000 to 
2018 in selected European countries were analysed to 
highlight recent mortality patterns in European chil-
dren and adolescents using data from the Eurostat data-
base. The aim is to give a systematic description of this 
phenomenon in the last two decades and to point out a 
reality that exists but has not yet been fully described 
in the literature. This information could be important 
to understand the vulnerabilities and allow the different 
involved countries to assess the causes of these events 
in order to develop prevention and awareness strategies 
to protect the youngest.

Methods
Population and outcome
The study population was the EU28 population and 
the population of European countries with at least 
1,000,000 inhabitants aged 0–19 years in the years 
2000–2018. As outcomes, deaths due to non-natu-
ral causes of morbidity and mortality recorded in the 
selected countries were considered.

Data source
The number of deaths aged 0–19 years due to non-nat-
ural causes (i.e. external causes of morbidity and mor-
tality according to ICD X V01-Y89) from 2000 to 2018 
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(or the last available calendar year) in different Euro-
pean countries was extracted from Eurostat databases 
[23]. Causes of deaths were recorded, for each coun-
try and calendar year according to the 10th revision 
of the ICD (International Classification of Disesases) 
[24]. Mortality from external or non-natural causes 
(EXT ICDX codes: V01-Y89), accidental events (ACC 
ICDX codes: V01-X59, Y85, Y86), transport accidents 
(TA ICDX codes: V01-V99, Y85), intentional self-harm 
(SH ICDX codes:X60-X84, Y87.0), exposure to noxious 
harmful substances (POI ICDX codes: X40-X49), and 
assault (ASS ICDX codes: X85-Y09, Y87.1) were also 
extracted. Estimates of resident population based on 
the official census for the years studied were extracted 
from the same database.

Statistical analysis
For each country, sex and calendar years, age-specific 
rates were estimated for 5 ages groups (< 1, 1–4, 5–9, 
10–14, 15–19 years) and then age-standardized mortality 
rates (ASMR) per 100,000 person-years were calculated 
based on a world standard population [25].
Joinpoint regression analysis [26] of annual age-stand-

ardized mortality rates was performed for all the causes 
of death included in the study. Time points, referred to as 
joinpoint(s), were identified when a significant change in 
the linear slope (on the logarithmic scale) of the tempo-
ral trend occurred, using calendar years as regressor vari-
able [27]. Joinpoint analysis started by fitting a minimum 
number of joinpoint (e.g. zero, a straight line) and then it 
tested [28] whether adding one or more joinpoint (up to 
three) to the model would have significantly improved the 
fit; if so, the joinpoints were added to the model and a lin-
ear regression was fitted between consecutive joinpoints 
using the least squares approach. Selection of the num-
ber of inflection points was performed through Monte 
Carlo permutation tests [27]. As a summary measure, 
the annual percent change (APC) for each identified lin-
ear segment and the weighted average APC (AAPC) over 
the entire study period (2000–2018) were estimated [29]. 
Analysis of rates was performed using R software [30]; the 
Joinpoint regression trend analysis and Annual Percentage 
Change (APC) were performed using Joinpoint Regres-
sion Program [26]. A significance level of α = 0.05 was 
applied to all analyses, and 95% confidence intervals were 
assumed; no corrections were made for missing data, so 
missing time point data were omitted [31].

Results
Data from the 21 European countries selected according 
to the inclusion criteria were analysed. The age-stand-
ardized rates per 100,000 children aged 0 to 19 years and 

the number of deaths from non-natural causes, acciden-
tal events, transport accidents, intentional self-harm, 
and assault for selected countries and the EU28 in the 
first period around 2005 (2003–2007) and in the second 
period around 2015 (2013–2017) are shown in Table  1. 
For the period around 2015, Fig.  1 shows a ranking of 
reported ASMR from  the lowest to the highest, for boys 
and girls separately and together; Italy and the EU28 are 
highlighted.

In the EU28, mortality from external causes decreased 
from 10.48 around 2005 to 5.91 around 2015. The indi-
vidual analysed causes also decreased over the periods: 
mortality rates for accidental events decreased from 8.12 
(95% CI 8.05–8.19) to 4.06 (95% CI 4.06–4.11); transport 
accidents rates decreased from 4.93 (95% CI 4.88–4.99) 
to 2.17 (95% CI 2.13—2.21); intentional self-harms rates 
decreased slightly from 1.36 (95% CI 1.22–1.39) to 1.23 
(95% CI 1.20–1.26); poisoning rates decreased from 0.34 
(95% CI 0.32–0.35) to 0.20 (95% CI 0.19–0.21); assault 
rates decreased from 0.44 (95% CI 0.43–0.46) to 0.27 
(95% CI 0.26–0.29). In general, rates were higher for 
boys than for girls, and a comparison between the sexes 
showed a similar country rank for the same cause.

For non-natural causes the eastern countries (Romania, 
Bulgaria, Poland, Slovakia, Czech Republic) had higher 
rates; Switzerland, France and Hungary had rates similar 
to the EU28. Spain, Denmark, Italy, and the United King-
dom had the lowest rates.

For accidental events, Romania, Bulgaria, Greece, and 
Slovakia had higher mortality rates; Austria, Finland, 
Hungary, and Belgium had rates similar to the EU28; 
Sweden, Denmark, Ireland and Spain had the lowest 
rates.

Greece, Romania, and Bulgaria had higher transport 
accident rates. Italy, France, Belgium and Austria had 
rates similar to the EU28; the United Kingdom, Sweden, 
and Ireland had the lowest rates.

For intentional self-inflicted injuries, Finland, Poland 
and, the Czech Republic had the highest rates. Greece, 
Portugal, and Italy had the lowest rates for boys and girls 
combined. In all countries, rates were lower for girls than 
for boys; however, not all countries showed a decrease 
between 2005 and 2015, especially for girls.

Poisoning and assault rates were very close between 
countries, and in some cases the number of reported 
observations was close to zero or the time series were 
incomplete, so rates for these countries (i.e. Den-
mark, Netherlands, Slovakia, Portugal and Switzerland 
for poisoning; Ireland and Greece for assault) were 
not estimated. The highest rates for poisoning were 
recorded in Romania and Finland, and the lowest in 
Italy, Netherlands, Spain and Germany. The highest 
rates for assault were recorded in Hungary, Sweden, 
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Fig. 1  Bar plots of age-standardized (World population) mortality rates (ASMRs) per 100,000 (aged 0–19 years) from External Causes, Accidents, 
Transport Accidents, Intentional self-harm, Poisoning and Assault in boys and girls and combinate, ordered from the lowest to the highest 
around 2015 (2013–2017), for selected European Country and EU28; Italy and EU28 are highlighted
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Belgium, and Romania, and the lowest in the United 
Kingdom, Italy and Poland.

Figure 2 shows the trend in age-standardized mortal-
ity rates for the selected causes from 2000 to 2018 for 
the 21 European countries plus EU28, and Table 2 pre-
sents the estimates of APCs and AAPCs resulting from 
the joinpoint analysis. To avoid instability of APCs and 
AAPCs because of the small number of events in each 
country, analyses were performed for boys and girls and 
for combinations; the separate analyses are presented 
in the Supplementary Materials.

The overall trend in mortality from non-natural causes 
decreased from 2000 to 2018 for all countries except 

Bulgaria, where the decreasing trend was not statisti-
cally significant. Rates for the EU28 declined by 5.1% per 
year over the entire period. The largest declines were in 
Ireland (AAPC -7.8), Spain (AAPC -6.7) and Portugal 
(AAPC -6.6). Smaller declines were observed in Eastern 
European countries such as Bulgaria (-2.7), the Czech 
Republic (-3.4), Poland (-3.5), Slovakia (-3.6) and Fin-
land (-3.6). In the EU28, the decline in mortality was 
more pronounced between 2008 and 2012 (APC -8.0). A 
similar trend was observed for many European countries, 
with France and Germany showing greater decline in the 
first period (2001–2004 and 2000–2007, respectively). 
Some other countries also showed a log-linear trend over 

Fig. 2  Age-standardized (World population) mortality rates (ASMRs) per 100,000 (aged 0–19 years) from External Causes, Accidents, Transport 
Accidents, Intentional self-harm, Poisoning and Assault over the 2000–2018 according to data availability. For Poisoning, Country without available 
data (Denmark, Netherlands and Slovakia) were not displayed
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Table 2  Joinpoint analysis for External causes Accidents, Transport Accidents, Intentional self-harm, Poisoning and Assault from 2000 
to 2018 (according to data availability) by country

Country Trend 1 APC 1 Trend 2 APC 2 Trend 3 APC 3 Trend 4 APC 4 AAPC

External causes
  Austria 2000–2018 -5.0 (-5.7, 

-4.2)*
-5.0 (-5.7, -4.2)*

  Belgium 2003–2018 -4.9 (-5.8, 
-4.0)*

-4.9 (-5.8, -4.0)*

  Bulgaria 2000–2008 -0.5 (-2.5, 1.5) 2008–2011 -11.9 (-29.2, 
9.5)

2011–2018 -1.0 (-4.4, 2.5) -2.7 (-6.1, 0.8)

  Switzerland 2000–2018 -4.0 (-5.1, 
-3.0)*

-4.0 (-5.1, -3.0)*

  Czechia 2000–2015 -4.8 (-5.4, 
-4.1)*

2015–2018 3.7 (-6.3, 14.8) -3.4 (-5.0, -1.8)*

  Germany 2000–2007 -7.0 (-8.0, 
-5.9)*

2007–2018 -4.0 (-4.8, 
-3.3)*

-5.2 (-5.7, -4.6)*

  Denmark 2000–2008 -4.3 (-6.3, 
-2.3)*

2008–2016 -9.6 (-12.8, 
-6.2)*

2016–2018 23.5 (-4.4, 
59.5)

-4.0 (-6.8, -1.1)*

  Greece 2000–2018 -4.0 (-5.3, 
-2.6)*

-4.0 (-5.3, -2.6)*

  Spain 2000–2007 -5.4 (-7.6, 
-3.1)*

2007–2011 -16.4 (-25.6, 
-6.0)*

2011–2018 -1.9 (-5.7, 2.0) -6.7 (-9.2, -4.0)*

  Finland 2000–2018 -3.6 (-4.9, 
-2.4)*

-3.6 (-4.9, -2.4)*

  France 2001–2004 -11.4 (-15.2, 
-7.4)*

2004–2017 -4.3 (-4.9, 
-3.7)*

-5.7 (-6.5, -4.9)*

  Hungary 2000–2018 -4.8 (-5.6, 
-3.9)*

-4.8 (-5.6, -3.9)*

  Ireland 2000–2008 -4.1 (-7.1, 
-1.0)*

2008–2018 -10.7 (-13.7, 
-7.5)*

-7.8 (-9.8, -5.7)*

  Italy 2000–2008 -3.2 (-4.9, 
-1.6)*

2008–2012 -12.0 (-19.5, 
-3.7)*

2012–2018 -1.8 (-5.2, 1.8) -4.8 (-6.8, -2.7)*

  Nether-
lands

2000–2011 -5.9 (-7.3, 
-4.4)*

2011–2018 -0.3 (-3.9, 3.4) -3.7 (-5.2, -2.2)*

  Poland 2000–2018 -3.5 (-4.1, 
-2.8)*

-3.5 (-4.1, -2.8)*

  Portugal 2000–2002 2.9 (-14.7, 
24.2)

2002–2012 -11.6 (-13.8, 
-9.4)*

2012–2018 -0.7 (-7.2, 6.2) -6.6 (-9.3, -3.7)*

  Romania 2000–2003 -7.4 (-11.5, 
-3.0)*

2003–2008 -1.2 (-4.4, 2.1) 2008–2011 -9.1 (-19.5, 
2.5)

2011–2018 -4.2 (-6.1, 
-2.3)*

-4.8 (-6.7, -2.8)*

  Sweden 2000–2018 -3.6 (-5.6, 
-1.6)*

-3.6 (-5.6, -1.6)*

  Slovakia 2000–2018 -3.6 (-4.4, 
-2.7)*

-3.6 (-4.4, -2.7)*

  UK 2000–2008 -2.7 (-3.7, 
-1.7)*

2008–2012 -14.3 (-19.1, 
-9.2)*

2012–2018 1.9 (-0.3, 4.2) -3.9 (-5.2, -2.6)*

EU28 2001–2008 -4.9 (-5.5, 
-4.2)*

2008–2012 -8.0 (-10.9, 
-5.1)*

2012–2017 -3.0 (-4.5, 
-1.4)*

-5.1 (-5.9, 
-4.3)*

Accidents
  Austria 2000–2018 -6.7 (-7.5, 

-5.9)*
-6.7 (-7.5, -5.9)*

  Belgium 2003–2018 -6.5 (-7.8, 
-5.1)*

-6.5 (-7.8, -5.1)*

  Bulgaria 2000–2008 0.4 (-2.2, 3.0) 2008–2011 -14.8 (-35.3, 
12.4)

2011–2018 -0.6 (-5.0, 4.0) -2.7 (-7.0, 1.8)

  Switzerland 2000–2018 -5.0 (-6.1, 
-3.9)*

-5.0 (-6.1, -3.9)*
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Table 2  (continued)

Country Trend 1 APC 1 Trend 2 APC 2 Trend 3 APC 3 Trend 4 APC 4 AAPC

  Czechia 2000–2018 -5.6 (-6.2, 
-4.9)*

-5.6 (-6.2, -4.9)*

  Germany 2000–2018 -6.6 (-7.1, 
-6.2)*

-6.6 (-7.1, -6.2)*

  Denmark 2000–2008 -4.3 (-6.7, 
-1.8)*

2008–2016 -13.0 (-17.0, 
-8.7)*

2016–2018 26.8 (-12.0, 
82.8)

-5.3 (-9.2, -1.3)*

  Greece 2000–2018 -4.4 (-5.9, 
-2.9)*

-4.4 (-5.9, -2.9)*

  Spain 2000–2008 -6.3 (-8.2, 
-4.3)*

2008–2011 -22.6 (-40.5, 
0.7)

2011–2018 -3.4 (-7.7, 1.1) -8.1 (-12.0, 
-4.1)*

  Finland 2000–2004 5.4 (-2.9, 14.5) 2004–2014 -9.3 (-11.8, 
-6.7)*

2014–2018 10.5 (-0.8, 
23.2)

-2.0 (-4.9, 1.0)

  France 2001–2004 -12.6 (-17.8, 
-7.1)*

2004–2017 -4.9 (-5.7, 
-4.1)*

-6.4 (-7.5, -5.3)*

  Hungary 2000–2007 -2.2 (-4.3, 0.0) 2007–2010 -13.7 (-29.9, 
6.2)

2010–2018 -4.6 (-7.3, 
-1.8)*

-5.3 (-8.4, -2.0)*

  Ireland 2000–2018 -9.1 (-10.7, 
-7.3)*

-9.1 (-10.7, 
-7.3)*

  Italy 2000–2007 -2.7 (-5.1, 
-0.2)*

2007–2014 -10.6 (-13.6, 
-7.5)*

2014–2018 0.6 (-7.1, 8.9) -5.2 (-7.1, -3.2)*

  Nether-
lands

2000–2012 -7.8 (-9.1, 
-6.5)*

2012–2018 -0.1 (-5.2, 5.4) -5.3 (-7.0, -3.5)*

  Poland 2000–2018 -4.1 (-4.8, 
-3.5)*

-4.1 (-4.8, -3.5)*

  Portugal 2000–2002 22.1 (-5.9, 
58.3)

2002–2012 -14.1 (-16.8, 
-11.4)*

2012–2018 1.7 (-7.1, 11.2) -5.5 (-9.2, -1.6)*

  Romania 2000–2003 -8.0 (-12.2, 
-3.5)*

2003–2008 -1.4 (-4.7, 2.0) 2008–2011 -10.3 (-20.9, 
1.7)

2011–2018 -4.2 (-6.1, 
-2.2)*

-5.1 (-7.2, -3.0)*

  Sweden 2000–2018 -6.6 (-9.5, 
-3.6)*

-6.6 (-9.5, -3.6)*

  Slovakia 2000–2018 -4.1 (-5.1, 
-3.2)*

-4.1 (-5.1, -3.2)*

  UK 2000–2007 -1.7 (-2.9, 
-0.4)*

2007–2012 -12.2 (-15.3, 
-9.0)*

2012–2018 -1.3 (-3.6, 1.1) -4.6 (-5.8, -3.4)*

EU28 2001–2008 -5.4 (-6.2, 
-4.7)*

2008–2013 -9.1 (-11.3, 
-6.9)*

2013–2017 -2.5 (-5.3, 
0.4)

-5.9 (-6.8, 
-5.0)*

Transport accidents
  Austria 2000–2018 -7.1 (-8.0, 

-6.1)*
-7.1 (-8.0, -6.1)*

  Belgium 2003–2018 -7.9 (-9.0, 
-6.7)*

-7.9 (-9.0, -6.7)*

  Bulgaria 2000–2008 4.3 (0.4, 8.3)* 2008–2012 -16.5 (-32.6, 
3.5)

2012–2018 4.6 (-4.1, 14.1) -0.6 (-5.6, 4.7)

  Switzerland 2000–2018 -6.2 (-7.9, 
-4.5)*

-6.2 (-7.9, -4.5)*

  Czechia 2000–2018 -5.7 (-6.5, 
-4.8)*

-5.7 (-6.5, -4.8)*

  Germany 2000–2018 -7.8 (-8.2, 
-7.3)*

-7.8 (-8.2, -7.3)*

  Denmark 2000–2009 -5.4 (-7.9, 
-2.9)*

2009–2015 -16.9 (-29.0, 
-2.9)*

2015–2018 8.1 (-16.8, 
40.5)

-7.4 (-12.9, 
-1.6)*

  Greece 2000–2012 -5.9 (-7.2, 
-4.6)*

2012–2015 18.4 (-15.4, 
65.7)

2015–2018 -26.2 (-37.3, 
-13.0)*

-6.1 (-11.2, 
-0.7)*

  Spain 2000–2007 -6.9 (-9.6, 
-4.2)*

2007–2014 -19.6 (-24.4, 
-14.4)*

2014–2018 8.5 (-7.7, 27.5) -9.0 (-12.6, 
-5.3)*

  Finland 2000–2007 -1.0 (-4.8, 3.1) 2007–2013 -10.8 (-17.8, 
-3.2)*

2013–2018 3.9 (-5.4, 14.2) -3.0 (-6.5, 0.5)
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Table 2  (continued)

Country Trend 1 APC 1 Trend 2 APC 2 Trend 3 APC 3 Trend 4 APC 4 AAPC

  France 2001–2004 -14.1 (-20.1, 
-7.7)*

2004–2017 -6.9 (-7.9, 
-5.9)*

-8.3 (-9.6, -6.9)*

  Hungary 2000–2007 0.7 (-2.3, 3.9) 2007–2010 -19.0 (-39.6, 
8.6)

2010–2018 -5.6 (-9.6, 
-1.5)*

-5.6 (-10.1, 
-1.0)*

  Ireland 2000–2003 -17.6 (-29.9, 
-3.2)*

2003–2007 1.3 (-17.9, 
25.1)

2007–2018 -15.1 (-18.9, 
-11.1)*

-12.1 (-16.7, 
-7.3)*

  Italy 2000–2007 -2.9 (-4.4, 
-1.3)*

2007–2013 -12.8 (-15.4, 
-10.2)*

2013–2018 -2.9 (-6.4, 0.9) -6.3 (-7.6, -5.0)*

  Nether-
lands

2000–2018 -7.5 (-8.7, 
-6.2)*

-7.5 (-8.7, -6.2)*

  Poland 2000–2018 -3.5 (-4.3, 
-2.7)*

-3.5 (-4.3, -2.7)*

  Portugal 2000–2002 18.0 (-15.6, 
65.1)

2002–2018 -12.1 (-13.9, 
-10.2)*

-9.1 (-12.5, 
-5.6)*

  Romania 2000–2003 -9.6 (-16.1, 
-2.6)*

2003–2008 6.2 (1.1, 11.6)* 2008–2011 -12.7 (-26.9, 
4.2)

2011–2018 -1.1 (-3.8, 1.6) -2.7 (-5.6, 0.4)

  Sweden 2000–2018 -7.5 (-8.9, 
-6.0)*

-7.5 (-8.9, -6.0)*

  Slovakia 2000–2018 -5.1 (-6.4, 
-3.7)*

-5.1 (-6.4, -3.7)*

  UK 2000–2008 -1.6 (-2.6, 
-0.7)*

2008–2011 -27.4 (-35.4, 
-18.4)*

2011–2018 -7.8 (-10.0, 
-5.6)*

-8.8 (-10.6, 
-7.0)*

EU28 2001–2008 -5.6 (-6.6, 
-4.6)*

2008–2013 -11.1 (-14.1, 
-8.1)*

2013–2017 -3.1 (-7.1, 
1.0)

-6.8 (-8.0, 
-5.5)*

Intentional self-harm
  Austria 2000–2008 -7.3 (-10.6, 

-4.0)*
2008–2018 -0.6 (-3.6, 2.6) -3.6 (-5.7, -1.5)*

  Belgium 2003–2018 -2.4 (-4.0, 
-0.8)*

-2.4 (-4.0, -0.8)*

  Bulgaria 2000–2018 -2.9 (-5.0, 
-0.7)*

-2.9 (-5.0, -0.7)*

  Switzerland 2000–2018 -1.1 (-2.7, 0.5) -1.1 (-2.7, 0.5)

  Czechia 2000–2018 1.1 (-0.3, 2.5) 1.1 (-0.3, 2.5)

  Germany 2000–2006 -5.9 (-9.0, 
-2.7)*

2006–2018 0.5 (-0.8, 1.9) -1.7 (-2.9, -0.4)*

  Denmark 2000–2006 -8.8 (-16.1, 
-0.8)*

2006–2018 2.1 (-1.5, 5.8) -1.7 (-4.8, 1.6)

  Greece 2000–2002 -26.6 (-40.8, 
-8.9)*

2002–2018 2.2 (0.7, 3.6)* -1.5 (-3.4, 0.4)

  Spain 2000–2010 -4.6 (-7.6, 
-1.5)*

2010–2018 7.0 (2.3, 12.0)* 0.4 (-2.0, 2.9)

  Finland 2000–2018 -1.5 (-3.0, 
-0.1)*

-1.5 (-3.0, -0.1)*

  France 2001–2007 -4.1 (-6.3, 
-1.8)*

2007–2010 6.5 (-7.6, 22.8) 2010–2017 -6.9 (-8.8, 
-4.9)*

-3.4 (-5.9, -0.9)*

  Hungary 2000–2018 -2.4 (-3.8, 
-1.1)*

-2.4 (-3.8, -1.1)*

  Ireland 2000–2018 -3.0 (-5.0, 
-0.9)*

-3.0 (-5.0, -0.9)*

  Italy 2000–2018 -0.0 (-1.1, 1.1) -0.0 (-1.1, 1.1)

  Nether-
lands

2000–2018 2.1 (0.6, 3.6)* 2.1 (0.6, 3.6)*

  Poland 2000–2014 0.0 (-1.2, 1.2) 2014–2018 -10.8 (-20.4, 
-0.1)*

-2.5 (-4.9, -0.1)*

  Portugal 2000–2017 -0.6 (-2.7, 1.5) -0.6 (-2.7, 1.5)

  Romania 2000–2018 -0.6 (-1.9, 0.7) -0.6 (-1.9, 0.7)
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Table 2  (continued)

Country Trend 1 APC 1 Trend 2 APC 2 Trend 3 APC 3 Trend 4 APC 4 AAPC

  Sweden 2000–2018 0.8 (-0.7, 2.2) 0.8 (-0.7, 2.2)

  Slovakia 2000–2018 -0.5 (-2.2, 1.1) -0.5 (-2.2, 1.1)

  UK 2000–2003 -11.9 (-16.0, 
-7.5)*

2003–2014 0.6 (-0.3, 1.4) 2014–2018 14.4 (11.2, 
17.6)*

1.2 (0.2, 2.3)*

EU28 2001–2017 -1.4 (-1.8, 
-1.0)*

-1.4 (-1.8, 
-1.0)*

Poisoning
  Austria 2000–2001 -16.8 -16.8 

  Belgium 2004–2009 -2.3 (-15.0, 
12.2)

-2.3 (-15.0, 12.2)

  Bulgaria 2000–2005 -14.7 (-24.0, 
-4.1)*

-14.7 (-24.0, 
-4.1)*

  Czechia 2000–2014 1.5 (-0.9, 3.9) 1.5 (-0.9, 3.9)

  Germany 2000–2014 -5.9 (-8.7, 
-3.0)*

2014–2018 19.3 (-3.0, 
46.9)

-0.8 (-5.3, 4.0)

  Greece 2000–2010 -11.4 (-19.6, 
-2.4)*

-11.4 (-19.6, 
-2.4)*

  Spain 2000–2016 -7.2 (-9.6, 
-4.8)*

-7.2 (-9.6, -4.8)*

  Finland 2000–2012 -0.5 (-4.1, 3.2) 2012–2018 11.9 (-21.4, 
59.4)

3.5 (-6.4, 14.3)

  France 2001–2003 -14.4 (-58.4, 
75.8)

2003–2006 37.9 (-25.1, 
153.8)

2006–2009 -27.6 (-59.9, 
30.8)

2009–2017 -1.0 (-9.3, 8.0) -2.5 (-16.1, 13.4)

  Hungary 2003–2013 -2.4 (-14.8, 
11.8)

-2.4 (-14.8, 11.8)

  Ireland 2002–2007 6.7 (-68.5, 
261.6)

6.7 (-68.5, 
261.6)

  Italy 2001–2015 0.8 (-2.6, 4.3) 0.8 (-2.6, 4.3)

  Poland 2000–2016 -5.1 (-7.5, 
-2.6)*

2016–2018 46.1 (-28.2, 
197.5)

-0.4 (-7.6, 7.3)

  Romania 2000–2018 -9.2 (-10.5, 
-8.0)*

-9.2 (-10.5, 
-8.0)*

  Sweden 2001–2018 1.3 (-1.3, 3.8) 1.3 (-1.3, 3.8)

  UK 2000–2012 -2.0 (-4.2, 0.3) 2012–2018 8.7 (2.2, 15.6)* 1.4 (-0.9, 3.8)

EU28 2001–2012 -7.3 (-8.5, 
-6.2)*

2012–2017 -0.0 (-5.1, 
5.4)

-5.1 (-6.7, 
-3.5)*

Assault
  Austria 2000–2006 -1.7 (-9.2, 6.5) -1.7 (-9.2, 6.5)

  Belgium 2003–2018 -5.5 (-8.0, 
-3.0)*

-5.5 (-8.0, -3.0)*

  Bulgaria 2000–2009 -5.4 (-10.0, 
-0.6)*

-5.4 (-10.0, 
-0.6)*

  Switzerland 2000–2005 12.6 (11.6, 
13.6)*

12.6 (11.6, 
13.6)*

  Czechia 2000–2013 -1.8 (-7.2, 4.0) -1.8 (-7.2, 4.0)

  Germany 2000–2018 -2.3 (-3.7, 
-0.9)*

-2.3 (-3.7, -0.9)*

  Denmark 2000–2017 -0.1 (-4.7, 4.7) -0.1 (-4.7, 4.7)

  Spain 2000–2018 -1.1 (-3.7, 1.6) -1.1 (-3.7, 1.6)

  Finland 2000–2012 -1.4 (-3.4, 0.6) -1.4 (-3.4, 0.6)

  France 2001–2017 -4.1 (-5.7, 
-2.5)*

-4.1 (-5.7, -2.5)*

  Hungary 2000–2018 -2.3 (-5.3, 0.7) -2.3 (-5.3, 0.7)
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the entire period (Austria, Belgium, Greece, Switzerland, 
Sweden, Finland, Slovakia, and Poland).

The mortality rates for accidental events decreased by 
5.9% per year in the EU as a whole. The largest decreases 
since 2000 were in Ireland (AAPC -9.1%) and Austria 
(AAPC -6.7%). Finland and Bulgaria also experienced 
declines but the AAPCs estimates do not reach statisti-
cal significance. The strongest downward significant 
trend was observed in Denmark between 2008 and 2016 
(-13.0%).

Throughout the investigated period, traffic fatalities 
rates decreased by 6.8% per year. The largest decrease 
since 2000 was observed in Ireland (-12.1%), Portugal 
and Spain (-9.0%), and the United Kingdom (-8.8%). 
In Bulgaria (-0.6%), Romania (-2.7) and Finland (-3.0), 
the decline was limited and not statistically signifi-
cant. While Finland showed greater decrease (-10.8%) 
between 2007 and 2013 and stability in other peri-
ods, Bulgaria and Romania showed increasing rates in 
2000–2008 (Bulgaria, 4.3%) and in 2003–2008 (Roma-
nia, 6.2%). The largest significant decreases were 
observed in the UK (27.4%) in 2008–2011, Greece 
(-26.2%) in 2015–2018, Spain (-19.6) in 2007–2014 and 
Denmark (-16.9) in 2009–2015.

Throughout the assessed period, rates of inten-
tional self-harm declined slightly, with an AAPC of 
-1.4 in the EU. However, rates increased through-
out the same period in some countries, such as the 
Netherlands (2.1%) and the United Kingdom (1.2%), 
or remained stable (i.e. the Czech Republic, Spain, 
Sweden, Romania, Romania, Portugal, Italy, Greece, 

Denmark, Switzerland). While the same upward trend 
was observed in the Netherlands throughout the 
same period, a downward trend was first observed in 
the United Kingdom (2000–2003), followed by a long 
period of stability (2003–2014) and a strong upward 
trend in recent years (2014–2018).

Data on poisonings and assaults were limited and not 
available for all countries, and only countries with at least 
six years of observation between 2000 and 2018 were 
included. In the EU, a decreasing trend in poisoning rates 
was observed between 2001 and 2012 (-7.3%), while rates 
remained stable in subsequent years. In particular, the 
largest significant decrease since 2000 was observed in 
Bulgaria (-14.7%), Greece (-11.4%), Romania (-9.2%) and 
Spain (-7.2%).

Throughout the period, the EU assault mortality rate 
declined by 4.9% per year. The largest decrease per year 
since 2000 was observed in the United Kingdom (-10.8%), 
Romania, and Poland (-6.0), Bulgaria (-5.4%) and Bel-
gium (since 2003, -5.50).

Supplementary Table 1 provides the AAPCs and trends 
for each cause by sex. Throughout the period, mortality 
rates from external causes declined similarly for boys and 
girls ( -5.2% versus -4.9%). However, in some countries 
(Bulgaria, Denmark and Finland), the decline was greater 
for girls than for boys. Similar trends were observed for 
mortality from accidental events and transport accidents. 
The mortality rate for intentional self-inflicted inju-
ries decreased for boys (-2.1), whereas a slight increase 
was observed for girls (0.6). Large trend differences 
were observed between boys and girls, and even when a 

Table 2  (continued)

Country Trend 1 APC 1 Trend 2 APC 2 Trend 3 APC 3 Trend 4 APC 4 AAPC

  Italy 2000–2018 -3.0 (-4.9, 
-1.1)*

-3.0 (-4.9, -1.1)*

  Nether-
lands

2000–2018 -2.9 (-4.7, 
-1.1)*

-2.9 (-4.7, -1.1)*

  Poland 2000–2018 -6.0 (-7.2, 
-4.8)*

-6.0 (-7.2, -4.8)*

  Portugal 2001–2006 14.7 (7.1, 
22.9)*

14.7 (7.1, 22.9)*

  Romania 2000–2018 -6.0 (-7.5, 
-4.5)*

-6.0 (-7.5, -4.5)*

  Sweden 2000–2017 0.3 (-1.5, 2.1) 0.3 (-1.5, 2.1)

  Slovakia 2000–2004 7.1 (-25.7, 
54.2)

7.1 (-25.7, 54.2)

  UK 2000–2002 -31.5 (-50.9, 
-4.6)*

2002–2014 -6.8 (-9.9, 
-3.6)*

-10.8 (-15.0, 
-6.4)*

EU28 2001–2017 -4.9 (-5.4, 
-4.4)*

-4.9 (-5.4, 
-4.4)*

APC annual percent change, AAPC average annual percent change
* significantly different from 0 (p < 0.05)
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decrease was observed in both sexes, the trend was more 
pronounced in boys than in girls.

Discussion
As far as we are aware, few articles have been pub-
lished in recent years that systematically examine 
trends in non-natural causes of mortality in children 
and adolescents in Europe [32, 33]. Other studies eval-
uate specific causes of death at the national level and 
refer to more distant years [32, 34–37]. This study, 
therefore, aims to fill at least part of this gap by pre-
senting a recent (in the last two decades) and cross-
national descriptive analysis of this phenomenon in 
several European countries.

It has been noted that in Europe, mortality among 
children and adolescents due to non-natural causes has 
decreased significantly over the last two decades. How-
ever, geographic disparities continue to be observed. 
As with other causes of death in young people (e.g. 
cancer, infectious diseases), geographic disparities are 
multifactorial and include health system performance; 
nevertheless, cultural and socioeconomic character-
istics may play a more important role in non-natural 
causes of death [38]. Specifically, such cultural and 
socioeconomic characteristics, including stigma and 
difficulty in recognizing violent intent, may be highly 
relevant in coding mortality related to external [39, 40] 
causes. Throughout the period, Spain, Ireland and Por-
tugal experienced the largest declines in mortality rates 
due to non-natural causes. Poland, the Czech Repub-
lic, Slovakia and Romania recorded sharp declines in 
mortality rates due to non-natural causes, but are still 
above the European average. Conversely, Bulgaria had 
the highest mortality rates due to non-natural causes in 
2003–2007 and recorded a decline in AAPC that was 
below the EU average and not in line with other Euro-
pean countries. In Western countries, mortality from 
non-natural causes was already declining before 2000 
[32], and in some of these countries (Austria, Belgium, 
Finland, France, Germany, Italy, the Netherlands, Swit-
zerland) rates have continue to decline, whereas in oth-
ers (Spain, Portugal, the United Kingdom, Denmark) 
they have remained stable since 2010. This suggests 
that attention to injury prevention and safety regula-
tions continues to be an effective measure to prevent 
injury-related deaths [41, 42].

The greatest decrease in mortality was recorded in acci-
dental events and transport accidents. These trends were 
also observed in other studies in Northern Europe [34] 
and other European countries [32, 36, 37]. Although the 
United Kingdom and Sweden had lower rates from 2003 
to 2007, there was a continuous decline in mortality rates. 
This long-lasting decrease can be attributed to concrete 

efforts to reduce transport accidents [43, 44], through 
the implementation of policies and legislation that have 
increased the use of child safety belts, developed safer 
road designs, and improved vehicle safety [41, 42, 45].

As reported in another study [46], mortality rates for 
intentional self-inflicted injuries were higher in Northern 
countries (i.e. Finland, Ireland, Poland) in 2003–2007, 
and rates were higher in males [46]. Since 2001, rates 
have declined across the EU28, particularly among boys; 
however, rates remain higher in Finland and Poland than 
in other countries. Of note, rates have increased in the 
Netherlands and the Unite Kingdom, particularly among 
girls. Mortality from Intentional self-harm can be pre-
vented by implementing prevention strategies, such as 
limiting access to commonly used lethal means (includ-
ing medications) and promoting access to mental health 
and other services [47]. However, most countries, do not 
have such measures [48]. Self-poisoning with medica-
tions is a common method of suicide in many European 
countries, and prohibiting access to medications com-
monly used in suicides has been shown to be effective 
in preventing suicides [47]. In Italy, for example, the use 
of opioid analgesics remain much lower than in North-
ern Europe [49]. In addition numerous efforts have been 
made to ensure that physician and pharmacists exercise 
greater vigilance in prescribing or dispensing opioids to 
high-risk patients [50].

Poisoning rates in the EU28 have declined throughout 
the period. While rates were stable in most countries, a 
rapid decline was observed in Bulgaria, Romania, Greece, 
and Spain. Despite the decrease observed throughout the 
study period, poisoning rates in Romania remained high 
compared to the other countries. It should be recalled 
that accidental poisonings, especially among young chil-
dren, could be prevented by improved prevention meas-
ures [48, 51] (i.e. proper packaging of medicines and 
household products, education on the importance of 
keeping such products safely out of the reach of children).

Aggression rates have also declined in the EU28 over 
this period. In Belgium, Bulgaria and Romania, rates have 
declined significantly. In Switzerland and Portugal, rates 
appear to be increasing, but there are few observations at 
any one time to draw conclusions.

The differences found between countries may have 
several causes, such as social, cultural, and health rea-
sons [22, 38]. Above all, the type of health care system 
plays a crucial role, as does the number of autopsies per-
formed. This last aspect is perhaps the one that deserves 
more attention and consideration. Autopsy is, in fact, the 
instrument that allows the most truthful death certifica-
tions possible [52]. Although it is impossible to deter-
mine the number of forensic autopsies requested in each 
country, the general impression is that in Europe interest 
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in violent and suspicious deaths is decreasing. This has 
been reported in several articles, involving the Nether-
lands, Norway, Denmark, Germany, Austria, and Italy 
as well [22, 53–55]. However, it should never be under-
estimated that through forensic autopsies it is possible 
to control death and disease due to non-natural causes, 
hence protecting public health in its broadest sense. 
They allow monitoring of the epidemiology of lethal vio-
lence in the population and are the last bastion to pro-
tect the rights of the deceased and their families when 
clinical and preventive efforts have failed [22]. Since vio-
lence can be lethal [56]and has serious consequences for 
the physical and mental health of survivors, it would be 
appropriate to start considering it like any other disease 
and face it as such [57]. In addition, large-scale routine 
autopsy studies, e.g., in toxicology and microbiology, can 
help identify emerging social trends in deaths and dis-
eases related to drug abuse [58], poisoning [59], infection 
[60], and even environmental pollution [61], providing 
important information for the development of preven-
tion strategies. Finally, autopsy also allows the correct 
classification of suicide cases, whose trend, unlike other 
non-natural deaths, is the only one in the population that 
is not significantly decreasing, but actually increasing in 
some countries [62]. All this is true for the whole popula-
tion and even more so for one of the main risk groups, 
namely children and adolescents [63].

Strengths and limitations
Several factors must be considered when interpret-
ing these results. A strength of this study is that is 
based on official national sources, and we have lim-
ited the analysis to countries with satisfactory cover-
age of death certificates and a meaningful number of 
cases; nevertheless, some degree of misclassification 
is possible, as is random variation due to small num-
bers of deaths. In addition, incidence may be affected 
by changes in registration options and criteria between 
countries and calendar period. Finally, the analysis is 
limited to mortality, so data on nonfatal injuries were 
not included.

Further studies based on specific country variables are 
needed to fully understand the observed trend, such as 
traffic and vehicle safety measures [46], child abuse and 
poisoning prevention measures, socioeconomic fac-
tors, and education levels in each country. However, the 
descriptive analysis presented in this study can serve as 
a starting point for future, more focused assessments 
by working groups in individual countries to identify 
appropriate prevention measures. In the medium term, 
another descriptive study will be essential to assess 
whether the trend of non-natural deaths in children and 

adolescents has changed as a result of the recent Covid-
19 pandemic [47–49], which is known to have had a tre-
mendous impact on the mental and physical health of 
billions of people. Preliminary cross-national studies do 
not appear to show an increase in suicides in this con-
text [64], but this finding needs further investigation.

Conclusion
This study found that mortality among children and ado-
lescents from non-natural causes decreased significantly 
in Europe over an 18-year period, although geographic 
differences between countries remain. Furthermore, 
despite this decrease, there are still European countries 
where the number of non-natural deaths is higher than 
the European average. These findings have only begun 
to shed light on the hidden world of non-natural deaths 
among children and adolescents, but they clearly show 
that their further reduction is still possible in many coun-
tries, and should encourage the improvement of measures 
to prevent child mortality as much as possible.
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