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Background: Unintentional injuries pose significant challenges to public health, impacting individuals and
communities. They also create significant economic costs for society as a whole. Common preventable fatal
unintentional injuries among adults of working age include, among others, falls, poisonings, traffic accidents and
drowning.

Aim: To examine the incidence trends of the changes in fatal unintentional injuries among working-age (25-64)
adults in Finland, with alcohol and/or drug intoxication as a contributing cause of death.

Methods: We used open data from the Causes of Death register hosted by Statistics Finland. Injury deaths between
1998 and 2022 were included in the analysis. The Mann-Kendall non-parametric trend test was used for inci-
dence rates, assessing whether a monotonic trend was present.

Results: The most common fatal unintentional injuries in working-age adults in Finland were due to poisonings,
falls and traffic accidents. The results showed a significant downward trend in the number of all fatal unin-
tentional injuries, with the exception of poisonings among the youngest age group, 25-34 years, in both males
and females. The incidence of fatal unintentional injuries among men decreased by 53 % during the study period,
and by 46 % among women. Men were more frequently involved in fatal unintentional injuries than women.
Conclusion: Fatal unintentional injuries among the working-age population have decreased in Finland due to
national collaborative efforts in recent decades. However, preventive measures are still needed, especially to
prevent unintentional injuries caused by substance abuse.

in 2022 [5].
Many studies on fatal unintentional injuries focus on children and

Introduction

Unintentional injuries are a major public health issue with individ-
ual, social, societal and economic consequences [1]. In 2019, uninten-
tional injuries claimed the lives of 3.26 million people around the world
[2]. There were 153,500 deaths in the EU resulting from accidents in
2020 [3]. Incidence and mortality rates caused by injury vary within
European regions, where rates were highest in Eastern Europe and
lowest in Western Europe [4]. Some of these variations may be
explained by differences in the compilation of statistics and reporting;
however, country-specific trends do not have these limitations. Finland,
a northern European, high-income country with a population of 5.6
million, had a total of nearly 2,300 deaths due to unintentional injuries

youth [6-8] or the elderly [9,10], while unintentional injury deaths
among working-age adults have been explored relatively little [11]. A
study conducted in 2021 showed that the frequency of fatal accidents
per 100,000 employed individuals varied. It was below 1.00 in the
Netherlands, Greece, Finland, Sweden and Germany, while exceeding
3.00 in Romania, France, Malta, Lithuania and Latvia. The main areas of
deaths were construction, transportation and storage, manufacturing
and agriculture. [12]

Unintentional injuries are the fourth most common cause of death in
Finland and almost 90 % of these deaths happen at home or during
leisure time [13]. Apart from causing mortality, unintentional injuries
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cause morbidity that overburdens health services. In Finland, in 2022,
49,000 people were treated as inpatients in hospital wards and 271,000
people made 455,000 outpatient visits due to an unintentional injury. Of
the inpatients, 14,000 were of working age. [14] Higher rates of injury
risks have been observed among young adults aged 17-29 years. This
increased risk is influenced by both the social background of their par-
ents and the young adults’ own social characteristics, which contribute
to significant social disparities in hospital-treated injuries and poison-
ings during late adolescence. [15] Previous studies showed that Finland
experienced a major change in the profile of fatal unintentional injuries
among persons aged 15 years or older between 1971 and 2016 [6,16,
17]. During that period, falls and poisonings replaced road traffic acci-
dents as the leading causes of deaths from unintentional injury. Another
study found a significant decrease in the number of fatal alcohol poi-
sonings in Finland between 1987 and 2018 [18]. At the same time, the
trend in fatal drug poisonings has increased [19,20]. These results re-
flected the drastic improvement in road traffic safety, the ongoing
ageing of the population and the changes in the consumption of alcohol
and other substances in Finland. A Swedish study found similar results,
where mortality among working-age adults (18-64 years) decreased for
traffic collisions and drownings and increased for poisonings between
1999 and 2012 [11].

As noted above, typical fatal unintentional injuries among working-
age adults are due to falls, poisonings, traffic accidents and drownings,
but the range of different fatal injuries varies between societies, age
groups and genders [14]. In 2019, falls accounted for over 684,000
deaths globally [2]. The risk of fatal falls among working-age adults
increases with age [21]. A study on fatal poisonings in Northern Finland
found that their causes differ significantly between urban and rural
areas, while the overall incidence does not. Urban areas had a higher
rate of fatal poisonings related to psychoactive pharmaceutical products
and opioids, while rural areas had a higher rate of fatal ethanol poi-
sonings. [22] Even low alcohol intake can be associated with an
increased risk of hospital contacts due to alcohol and unintentional in-
juries [23]. The role of intoxication is highlighted in unintentional in-
juries among working-age adults [24].

Since injury mortality may differ between age groups, it is important
to examine age-specific mortality trends. Unintentional injury mortality
among working-age adults in Finland is still understudied. Following
our previous study on fatal unintentional injuries among older adults
(65+), the purpose of this study was to examine the incidence of fatal
unintentional injuries among working-age adults (aged 25-64 years) in
Finland between 1998 and 2022. The definition of working age in this
study is according to the Finnish programme for the prevention of home
and leisure injuries “Safety at All Ages in 2021-2030", launched by The
Ministry of Social Affairs and Health [13]. The aim of this study was to
examine the incidence trends of the changes in fatal unintentional in-
juries among working-age adults in Finland. In addition, the prevalence
of alcohol and drug intoxication as a contributing cause in fatal unin-
tentional injury deaths was assessed. The purpose was to provide a
comprehensive overview of Finnish injury deaths among working-age
adults over the last 25 years.

Materials and methods

Open data from the Causes of Death register hosted by Statistics
Finland [5] was used as study data. Injury deaths between 1998 and
2022 were included in the analysis. The data contains all injury deaths in
Finland and exhibits the cause of injury codes according to the ICD-10
classification system [25] throughout the study period. The mecha-
nism of injury was divided into nine categories based on ICD-10 codes:
falls (W00-W19), poisoning (X40-X49), drowning (W65-W74, V90,
V92), man-made heat (e.g., sauna) (W92), asphyxiation (W74-W84),
fire-related (X00-X09), cold (X31), exposure to inanimate mechanical
forces (W20-W49) and traffic (V01-V99, excl. V90, V92) [25]. De-
mographic factors available in the data were gender and age group
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(5-year). On the death certificate, alcohol and/or drug intoxication
(T510-T519, T523, T528, T360-T509) is recorded as a contributing
cause of death, where applicable.

In assessing whether a monotonic trend was present, the Mann-
Kendall non-parametric trend test was used for incidence rates. Mann-
Kendall trend test is a non-parametric alternative to conventional
regression modeling and makes no assumptions of distribution of un-
derlying data but is based on ranks in observations [26]. Additionally,
the trend is not constrained to be linear(ish). The analysis was explor-
ative, and the interest was whether a (monotonic) trend was present, but
not detailed value of regression parameters while provided endpoint
estimates reveal the total magnitude of change in the study period.
Additionally, incidence rates at the beginning and end of the study
period were compared in order to observe the potential magnitude of
change. These comparisons were performed with 3-year averages
(1998-2000 vs 2020-2022) to mitigate statistical variation to some
extent and were reported as Incidence Rate Ratios with 95 % confidence
intervals. In general, assessments were first divided into four age groups:
25-34, 35-44, 45-54 and 55-64 years. To reduce variation in the sta-
tistics and to facilitate the interpretation of the results, the four age
groups were then combined into two larger age groups: 25-44 (younger
working-age adults) and 45-64 years (older working-age adults). These
groups describe the life span of working-age people. The R software
version 4.1.1. [27] was used to conduct analyses.

Ethical considerations

This study is based on open data from the Causes of Death register
hosted by Statistics Finland and ethical approval was not required.

Results

A total of 22,775 deaths by unintentional injury were observed
during the study periods. During the period 1998-2000, 3,298 men died
as a result of injury, and in the period 2020-2022 the number was 1,552,
a decrease of 53 %. The corresponding number for women between
1998-2000 was 739 and between 2020-2022 it was 398, a decrease of
46 %. Males accounted for 80 % of the deaths. The main types of injuries
resulting in death in males in order of prevalence between 1998-2000
was due to poisonings, falls and traffic accidents; between 2020-2022
these were poisonings, traffic accidents and falls. In females, the main
types of fatal injuries were due to poisonings, traffic accidents and falls
between 1998-2000, and poisonings, falls and traffic accidents between
2020-2022. (Table 1).

Intoxication is a major factor behind fatal unintentional injuries
among working-age adults in Finland, but the percentage of intoxicated
persons varies between the different injury types. Overall, there has not

Table 1
Distributions of injury mechanisms by gender at two time points (1998-2000 vs.
2020-2022).

Male, % Female, %
1998-2000  2020-2022  1998-2000  2020-2022
Poisonings (X40-X49) 339 46.2 40.2 49.1
Falls (W00-W19) 20.2 15.3 16.7 18.2
Traffic (VO1-V99, excl.  17.1 15.6 22.5 12.7
V90, V92)
Drownings (W65-W74,  12.1 8.3 6.4 5.0
V90, V92)
Asphyxiations 4.3 4.0 6.6 6.1
(W75-W84)
Fire-related (X00-X09) 4.1 2.1 2.9 2.6
Cold (X31) 3.4 3.6 2.5 3.2
Inanimate mechanical 2.7 3.2 0.4 1.1
forces (W20-W49)
Sauna (W92) 2.1 1.7 1.8 2.1
Total 100.0 100.0 100.0 100.0
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been a dramatic change in the percentage of intoxication in deaths by
injury between the years 1998-2000 and 2020-2022 (Table 2). The
correlation between the annual number of deaths due to alcohol
poisoning and national alcohol consumption is of the order of 0.82 in the
period 1998-2021 [28].

Injuries among males

We compared two time points, the years 1998-2000 and 2020-2022
using 3-year averages. Between 1998-2000, 34 % of fatal injuries were
due to poisonings, 20 % due to falls and 17 % due to traffic accidents in
males. Between 2020-2022, poisonings accounted for 43 %, traffic ac-
cidents 15 % and falls 14 % of fatal injuries among males (Table 1). The
highest number of fatal injuries occurred among those aged between 45
and 64 years. However, overall, there has been a decrease in incidence
rates of deaths by injury among Finnish working-age males. The inci-
dence rate ratio for the different injury types ranged from 0.13 to 0.82
for males aged 25-44 years and from 0.29 to 0.71 for males aged 45-64
years (Table 3).

Poisonings were the most common type of fatal injury among
working-age males. The incidence rate ratio (2020-2022 to 1998-2000)
for poisonings was 0.82 for males aged 25-44 years and 0.49 for males
aged 45-64 years (Table 3). There was a downward trend in the number
of poisonings among males in all age groups, except for the youngest age
group, 25-34 years (Table 4).

During the study period, traffic accidents replaced falls as the second
most common type of fatal injury among working-age males. The inci-
dence rate ratio for traffic accidents was 0.42 for males aged 25-44 years
and 0.39 for males aged 45-64 years (Table 3). There was a statistically
significant downward trend in traffic accidents among males in all age
groups (Table 4).

Falls were also a common cause of fatal injury among working-age
males. The incidence rate ratio for falls was 0.18 for males aged
25-44 years and 0.38 for males aged 45-64 years (Table 3). There was a
statistically significant downward trend in falls among males in all age
groups (Table 4).

Intoxication was quite common among working-age males who died
due to unintentional injuries. In 2020-2022, 43.2 % of males who died
due to traffic accidents were intoxicated. Correspondingly, among males
who died due to falls, the figure was 34.2 % (Table 2).

Injuries among females

Between 1998-2000, 40 % of fatal injuries were due to poisonings,
22 % due to traffic accidents and 17 % due to falls in females. Between
2020-2022, poisonings accounted for 47 %, falls 17 % and traffic ac-
cidents 12 % of fatal injuries among females. The age group with the
most fatal injuries was 45-64 years. (Table 1). There was a decrease in
the incidence rates of deaths by injury among Finnish working-age fe-
males. The incidence rate ratio for the different injury types ranged from
0.11 to 0.72 for females aged 25-44 years and from 0.30 to 0.82 for
females aged 45-64 years (Table 3).
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Poisonings were one of the most common types of fatal injuries
among working-age females as well. The incidence rate ratio
(2020-2022 to 1998-2000) for poisonings was 0.72 for females aged
25-44 years and 0.59 for females aged 45-64 years (Table 3). Although
the proportion of poisonings in injury deaths increased, there was a
downward trend in the number of poisonings among females in all age
groups except for the youngest group, 25-35 years (Table 4).

The incidence rate ratio in traffic accidents was 0.29 for females aged
25-44 years and 0.30 for females aged 45-64 years (Table 3). There was
a statistically significant downward trend in traffic accidents among
females in all age groups (Table 4). The incidence rate ratio for falls was
0.54 for females aged 25-44 years and 0.57 for females aged 45-64
years (Table 3). There was a downward trend in falls among females in
all age groups (Table 4).

Intoxication was less common in females than males who died due to
traffic accidents: 18.8 % of females in this study were intoxicated be-
tween 2020-2022. Of the females who died due to falls, 34.8 % were
intoxicated (Table 2).

Discussion

Studies have shown that there is a general downward trend in terms
of unintentional deaths in Europe [11,29]. This indicates that the pre-
ventive actions that have been implemented to reduce injuries have
been effective, although injury prevention policies may differ between
countries. On the other hand, countries with similar socio-economic and
technological contexts may have entirely different injury profiles [21].
Our study showed a downward trend in the number of all fatal unin-
tentional injuries, but the trend for poisonings was not as drastic as it
was for other types of injuries.

This national study provides an overview of fatal unintentional in-
juries among working-age adults in Finland between 1998 and 2022.
Our study revealed that men were more frequently involved in fatal
unintentional injuries than women. The findings are in accordance with
previous studies [11,30-32]. Our study showed that the three most
common fatal injuries among both males and females in Finland were
due to poisoning, falls and traffic accidents. This study aligns with a
study from Georgia in 2018, which showed that traffic accidents and
falls were the primary causes of injury mortality. Their study showed
that of all fatal injuries, 74 % were unintentional injuries. High rates of
inanimate mechanical forces cause death in the working age. [26]
Another study conducted in Europe in 2004 showed that road traffic
injuries accounted for the highest proportion of unintentional injury
deaths, followed by falls and drowning [31].

Intoxication is a well-known risk factor for various kinds of acci-
dents. In our study, the proportion of intoxication decreased for most of
the injury types between the studied time periods (1998-2000 and
2020-2022). This trend coincided with a historical drop in the total
alcohol consumption in Finland [33] which likely explains at least in
part the decreasing intoxication proportions in injury deaths. However,
there was an increase in the proportion of intoxication among fatal
traffic-related injuries. At the same time, the total number of fatal traffic

Table 2
Proportions of those marked as intoxicated by each injury mechanism between the first period 1998-2000 and the second period 2020-2022.
Year, male, % p-value Year, female, % p-value
1998-2000 2020-2022 1998-2000 2020-2022
Falls 43.7 34.2 0.017 36.9 34.8 0.894
Traffic 36.4 43.2 0.090 14.6 18.8 0.642
Drowning 68.6 61.2 0.157 61.7 36.8 0.118
Asphyxiation 62.8 63.8 1.000 41.7 60.9 0.207
Fire-related 71.8 77.4 0.680 76.2 70.0 1.000
Cold 70.9 58.5 0.161 72.2 58.3 0.693
Sauna 89.7 88.0 1.000 92.3 87.5 1.000
Inanimate mechanical forces 13.6 13.0 1.000 100.0 25.0 0.225*

" Too few data points for meaningful comparison
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Table 3

Incidence rate ratios by each injury mechanism at two time points by age group and gender.
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Incidence Rate Ratio 2020-2022 to 1998-2000 (95 % Confidence Interval, n)

Male 25-44

Male 45-64

Female 25-44

Female 45-64

Poisoning

Falls
Traffic

Drowning

Asphyxiation

Fire-related

Cold

Inanimate mechanical forces
Sauna

All causes”

0.82 (0.71-0.94)
(410,338)

0.18 (0.11-0.27) (139,25)
0.42 (0.34-0.53)
(253,108)

0.29 (0.20-0.42) (116,34)
0.23 (0.09-0.51) (30,7)
0.13 (0.05-0.29) (46,6)
0.65 (0.34-1.19) (26,17)
0.26 (0.12-0.51) (38,10)
0.31 (0.09-0.89) (13,4)
0.51 (0.46-0.56) (1094,563)

0.49 (0.43-0.55)
(676,334)

0.38 (0.32-0.45) (509,197)
0.39 (0.32-0.49)
(297,119)

0.31 (0.25-0.40) (273,87)
0.47 (0.33-0.65) (107,51)
0.29 (0.18-0.45) (85,25)
0.42 (0.28-0.62) (84,36)
0.71 (0.46-1.09) (50,36)
0.38 (0.22-0.61) (55,21)
0.44 (0.41-0.48) (2204,989)

0.72 (0.53-0.97)
(102,72)

0.54 (0.23-1.20) (17,9)
0.29 (0.18-0.45) (81,23)

0.64 (0.19-1.96) (8,5)
0.39 (0.08-1.39) (8,3)
0.11 (0.005-0.61) (10,1)
0.45 (0.09-1.66) (7,3)
N/A (0,2)

N/A (1,0)

0.53 (0.43-0.66) (237,124)

0.59 (0.47-0.75)
(191,114)

0.57 (0.41-0.78) (105,60)
0.30 (0.19-0.46) (83,25)

0.36 (0.19-0.65) (39,14)
0.50 (0.29-0.85) (40,20)
0.82 (0.33-2.00) (11,9)
0.82 (0.33-2.00) (11,9)
0.68 (0.08-4.47) (3,2)
0.67 (0.26-1.63) (12,8)
0.54 (0.47-0.63) (502,274)

Incidence rate=count/person years

" All causes = VO1-X59, Y85-Y86
N/A = not applicable

Table 4
Direction of trends by each injury mechanism, age group and gender.

Direction of trend (p-value) Male 25-34 Male 35-44 Male 45-54 Male 55-64 Female 25-34 Female 35-44 Female 45-54 Female 55-64
Poisoning / N A A / A N\ N\

Traffic N N N A AV AV AV AV
Drowning N N AV AV N A N\ N\
Asphyxiation N N N A N N N N
Fire-related A N A A A N N v

Cold N N A A N N N /

Sauna N N N\ N\ N / N N

Inanimate mechanical forces A N\ A A N\ / v .

" p<0.001,
" p<0.05, no asterisk = p > 0.05

accidents decreased by more than half from 396 fatalities in 2000 to 196
in 2022. This disproportion indicates that as the absolute numbers of
fatal traffic accidents have gone down, the decrease has in fact mostly
taken place among individuals that were not intoxicated. Worldwide,
alcohol intoxication is estimated to be involved in 5-35 % of all fatal
road traffic accidents [34]. In our study in 2020-2022, the proportion of
intoxication in fatal traffic injury deaths was 43.2 % among males and
18.8 % among females. Although these figures align which those re-
ported from other countries, the increase in the proportion of intoxica-
tion is alarming and indicates that driving under the influence presents a
continued challenge for road safety and injury prevention programs in
Finland.

Earlier research has shown that over time and across different cul-
tures men have shown greater involvement than women in alcohol
related risks, such as driving under the influence of alcohol [35] and to
some degree also in driving under the influence of drugs [36]. Likewise
in our study, in both studied time points, the proportion of females that
were intoxicated while facing a fatal traffic injury was markedly lower
than that of males. Apart from traffic injuries, only minor differences
were found between males and females in terms of intoxication.

Poisoning was by far the most common fatal injury among working-
aged adults in this study. Whilst nearly all injury mechanisms saw a
decreasing trend, there was an upward trend in poisoning mortality in
the youngest age group both in males and females. This finding is not
unexpected, as Finland has in recent years been among the European
countries with the highest proportion of young individuals dying of
drug-related death [37]. Although European countries have so far
avoided the massive overdose death crisis that has been witnessed in
North America, the temporal increase in poisoning mortality seen in this
study is a matter of concern in Finland. Unintentional poisoning deaths
are largely attributed to drug abuse and less to administration of wrong
drug or inadvertent consumption [38] and thus the prevention methods

should be addressed accordingly.

Finland has a long tradition of national programmes for preventing
unintentional injuries. These programmes have been inviting different
stakeholders from national, regional and local level, from the public
sector and NGOs, to work together in creating measures to decrease both
fatal and non-fatal unintentional injuries. The work is carried out
vigorously and persistently in organizations that engage directly with
citizens’ everyday lives.

The latest national programme was drawn up in 2021 under the
coordination group for the prevention of home and leisure injuries
appointed by the Ministry of Social Affairs and Health. The Finnish
programme for the prevention of home and leisure injuries, “Safety at
All Ages”, contains a total of 89 measures aimed at preventing injuries
during different stages of life. Of these measures, 37 are aimed at pre-
venting injuries among working-age adults aged 25-64 years. Thirteen
measures address the role of alcohol and other substance use in pre-
venting unintentional injuries. [13] Broad sectoral expert groups meet
twice a year to share information on the progress of the actions. The
implementation of the programme is coordinated by the Finnish Insti-
tute for Health and Welfare (THL in the Finnish acronym).

Simultaneously, another national strategy was developed: the Sub-
stance Use and Addiction Strategy, with joint guidelines until 2030, aims
to provide more comprehensive guidance on the prevention and treat-
ment of risks, harms and problems related to alcohol, tobacco, drugs and
gambling [39]. For example, there is a widely adopted evidence-based
model for preventive substance abuse work, including community in-
terventions, known as the Pakka -model. It aims to influence the re-
sponsibility of business operators, particularly in retail and licensed
establishments, as well as sales control, collaboration with authorities,
and social regulation. [40] These strategies complement and reinforce
the actions of each other. In Finland, various strategies have been
developed in collaboration with different stakeholders, such as
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government sectors, national and regional actors and organisations,
resulting in synergy benefits.

Strengths and limitations

There are some limitations to this study. Due to the nature of the
data, only the structures defined by the ICD-10 classification system
could be analysed, and therefore certain potentially interesting details,
such as the settings of accidents, socio-economic factors or the victims’
functional ability, could not be reported. This means that the study is
rather general or non-specific. Furthermore, the data presents results
from only one country, which can limit the generalisability of the re-
sults. In this study, the small sample sizes, especially for deaths of young
women, might increase the risk of biased results.

This study’s strength lies in its use of representative, population-wide
data, encompassing all fatal injuries across the entire country and
employing the ICD-10 classification system consistently throughout its
duration, thus ensuring exceptional coherence in trend analysis. Addi-
tionally, unintentional injury deaths among working-age adults have
been explored relatively little. In Finland, the proportion of forensic
investigation of causes of death is exceptionally large compared to the
European scale. The rate of medico-legal autopsies among unintentional
injury deaths was 87.2 % in 2000-2003 [41], with likely no marked
changes over recent years. The high rate of autopsies allowed for reliable
statistics concerning injury-related deaths.

Conclusion

The results provide more knowledge on fatal unintentional injuries
among the working-age population in Finland, which has been sparsely
studied. It showed a 25-year downward trend for most injuries. Poi-
sonings were one of the most common types of fatal injuries among both
men and women. Although the trend was in general downward in almost
all age groups, it should be noted that this does not apply to the youngest
age group, 25-34 years. Continuous preventive measures and educa-
tional initiatives are crucial to improve safety and prevent unintentional
injuries.
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