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ABSTRACT 
 

Background: Injuries are one of the most common causes of death in the world. 

Varying types of injuries dominate in different parts of the world, which also have 

separate influences on mortality. In Scandinavia blunt injuries dominates and the 

majority of those who die do so pre hospital. Over time different injury pattern 

may vary and by analyzing this we can assess when, where and how preventive 

work can be reinforced. The aim of this thesis was to study injury epidemiology in 

Sweden and assess the contribution of different injury patters on mortality. 

 

Method: We used the Swedish cause of death and the national patient registries 

which have a complete national coverage. The international classification of 

disease injury severity score (ICISS) was calculated (based on ICD-10) in the in 

hospital population. We have chosen to do this investigation with a broad 

perspective using the term injury, which includes trauma but also other diagnoses 

like suffocation and drowning. 

 

Results: During the study period (1999-2012) the number of deaths because of 

injury was 1213, 25 388, and 18 332 among children, working age and elderly, 

respectively. Mortality declined in the children and in the working age but inclined 

in the elderly. Mortality increased with each age group except between the ages of 

15–25 and 26–35 years. One thousand two hundred sixty four (97%) of those who 

died because of penetrating trauma (sharp objects and firearms) were killed by 

intentional trauma (assault and intentional self-harm). One thousand and 

seventeen (83%) of the children died prehospital. In the working age 22 211 

(80%) of 25 388 died pre hospital. Nine thousand six hundred and eighteen (53%) 

of 18 332 of the elderly died prehospital. During 2001-2011 the risk adjusted in 

hospital mortality decreased in traffic and assault but not in fall related injuries. 

 

Discussion: Largely, the anticipated injury mortality picture was found, with 

blunt injuries (traffic accidents) dominating in the working age and falls in elderly. 

Further a significant portion of the deaths occurred pre hospital. The intentional 

injuries are dominated by intentional self-harm. The decrease in child injury 

mortality is notable as Sweden already has one of the lowest incidences in child 

injury mortality in the world. The decrease in injury mortality in the working age 

also implies that preventive work has had an effect. The incline in injury mortality 

in elderly on the other hand needs to be further studied. Areas of particular 

importance for future preventive work is the incline in injury mortality in elderly 

and intentional injuries among children. 
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ABBREVIATIONS AND ACRONYMS  
 

ATLS  Advanced trauma life support 

CCI  Charlson comorbidity index 

CDR  Cause of death registry 

CI  Confidence interval 

DSP  Diagnosis specific survival probability 

EMS  Emergency medical services 

ICD-10  International classification of diseases – tenth revision 

ICISS  International classification of disease injury severity score 

ISS  Injury severity score 

NAEMT National association of emergency medical technicians 

NPR  National patient registry 

PHTLS  Prehospital trauma life support 

PIN  Personal identification number 

WHO  World health organisation 
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INTRODUCTION  
 

Injury is; damage to the body caused by an external force, thus it is the 

surrounding interacting with the human body causing tissue damage and not an 

internal process in the body. Injuries causes considerable suffering around the 

world and is a common cause of morbidity and mortality in all ages worldwide (1, 

2). 

 

In order to address the burden of injuries we first of all need to know what it looks 

like. Injuries are a consequence of the environment we live in and over time this 

changes. The changes in injury mortality can help guide us to where preventive 

work needs to be reinforced or if health care needs to focus in different fields.  

 

This thesis is based on four studies focusing on injury mortality and based on 

national registries with epidemiological data. Study I investigates the differences 

in child injury mortality between unintentional and intentional injuries. We 

analyse both injury mechanism and mortality mechanism and the trend over time. 

In study II we investigate injury mortality in the working age 18-64 and the 

elderly, 65 years and older, and how it has changed over time. In study III we have 

investigated the risk adjusted in-hospital trauma mortality in the three most lethal 

trauma mechanisms, traffic, fall and assault. The focus of study IV is on penetrating 

trauma, investigating the mortality trend over time in firearm and sharp objects.  
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BACKGROUND 

Injury 
In this thesis both the term injury and trauma are used. Injury is the broader term, 

including trauma but also other types of injury such as drowning and suffocation. 

The term trauma usually only includes diagnoses that traditionally have a surgical 

connection, although there is no universal consensus on which diagnoses that 

should be included. One diagnosis that is usually excluded from trauma studies is 

burns, most likely because burns usually are not included in most trauma 

registries.  

 

Falls are also a debated diagnosis where falls from heights usually are considered 

trauma while falls in the same level often are excluded from trauma studies 

although they have been shown to significantly contribute to trauma mortality (3). 

This is an important detail for the reader to be aware of as conclusions based on 

trauma subgroups in such studies could misguide the reader. 

 

In this thesis two of the studies (I, II) have an injury and two studies (III, IV) a 

trauma perspective. The reason why we chose the injury perspective was because 

we wanted to give a complete coverage of the Swedish injury/trauma situation 

and thus not exclude diagnoses but rather have an inclusive approach. In the 

European Union more than 40 million people are treated in hospitals each year 

because of injuries to an estimated cost of 78 billion Euro(1). This of course has a 

huge impact on both society and the lives of the people affected.  

 

In Scandinavia the numbers of severe trauma (Injury Severity Score, ISS > 15) is 

between 30 and 54 per 100 000 inhabitants per year (4, 5). The trauma picture in 

Sweden is similar to the rest of Scandinavia which is a result of the similar medical 

organisations and living situations (4). In Sweden approximately 4500 people die 

each year because of injuries, both intentional and unintentional (6). In Sweden, 

7% of all deaths are caused by injuries (1).  

 

Coding systems 
Sweden has a unique personal identification number (PIN) for every person living 

in the country. The number is organized and handed out by the Swedish Tax 

Agency (7). We have used the PIN to link different databases so that they are 

connected on an individual level. The identification number allows an almost 

100% coverage of the health care system in Sweden (8). 

 
Since 1948 the World health organisation has been in charge of the International 

classification of disease (ICD) system. It has existed for about one hundred years 

and has been revised ten times. The purpose of the ICD is to enable classification 
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of diseases and health issues in order to analyse, interpret, and compare morbidity 

and mortality data (9). The ICD-10 diagnosis is decided by the physician in charge 

of the patient, sometimes after an autopsy. Patients who die before reaching 

hospital most often undergo a forensic examination and in such cases the forensic 

examiner decides the ICD-10 coding.  

 

Risk adjusted mortality 
The ISS method has long been regarded as the injury severity coding standard for 

evaluating trauma in research settings (10) and clinical measurements. The 

method is, however, limited as it requires that all patients are recorded in 

specialised trauma registry.  

 

In 1996 Osler et al. developed a new score, the International Classification of 

diseases Injury Severity Score (ICISS), to be able to use big databases of existing 

codes which are recorded for administrative purposes (11). The ICISS has been 

found to be a better mortality predictor than the previously most used method 

(ISS) (12) and it allows an accurate estimate of injury severity (13). The ICISS is a 

valuable tool for trauma research as it allows risk adjusted mortality prediction in 

administrative registries. 

 

Coexisting medical conditions 
Pre-existing medical conditions are associated with increased mortality after 

trauma. This effect has been shown to be both independent and additive to the 

effect of age (14, 15). When assessing injury or trauma patient mortality it is 

important to be able to discriminate in what has caused the death. If we only look 

at the injury mechanism we can be misled to believe that falls in the same plane is 

highly lethal since they actually result in a high numbers of deaths. But when 

adding the coexisting medical conditions to the analysis we get a more nuanced 

picture with the coexisting medical condition contributing to the mortality. 

 

The Charlson Comorbidity Index (CCI) (16) is a mortality prediction method to 

classify pre-existing medical conditions based on ICD diagnoses from 

administrative data (17). A score of zero indicates no pre-existing medical 

condition, the higher score, the more severe and/or higher number of co-existing 

medical conditions. The CCI has been found to be of value also in predicting 

mortality in trauma patients (18). 

 

Mortality in different age groups 
In the whole world it has been estimated that 830 000 children (under the age of 

18) die because of unintentional injuries each year (19). There has been a decline 
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in child injury mortality in the wealthy countries, but there is still need for further 

improvements (19). Finland has a child injury mortality of 5 per 100 000 (20). 

 

In Sweden 135 000 children are admitted to hospitals each year because of 

injuries (6). Death caused by injuries is the leading cause of death for children in 

Sweden, although the Swedish numbers are among the lowest in the world (6, 21). 

Injuries are most likely the most common cause of death because other causes of 

death like, cancer and infections has been prevented or treated with better results 

(22). The decline in child injury mortality has also been explained by favourable 

economic and social conditions (23). 

 
The working age is quantitatively the largest injury group, yet few studies have 

had this focus (24, 25). In Norway the country mortality rate has been found to be 

30 per 100 000 during the years 1998-2007(26). The lack of epidemiological 

injury statistics in e.g., the working age has been a driving force in the 

development of this thesis.  

 
Injury mortality in elderly is a growing problem in the western world with an 

aging population (4, 27-29). The aging population causes an increased burden on 

the healthcare system (27, 28). Injury mortality seems to increase with older age 

(14-18) but the reason for the higher mortality in older ages is complex, it does 

not seem to be an effect of nor age or comorbidities alone (29). 

 

Injury mechanism in different age groups 
Different types of injury dominates in varying parts the world. This also has an 

impact on injury mortality as mortality varies due to different injury mechanisms 

(2). In North America penetrating injuries usually dominate, mainly because of 

firearm injuries (30, 31). Europe has an injury pattern where blunt injuries 

dominate mainly because of traffic accidents (32). In Scandinavia blunt injury is 

dominating the injury pattern with figures as high as 85-90% (4, 33). 

 

Vehicle related injuries are responsible for a large number of deaths worldwide. 

In Sweden there has been a decline in traffic accidents during the last decade but 

since 2002 this decline seems to have levelled off (6). Intentional self-harm is 

another common injury mechanism in Sweden (34). Sports and vigorous exercise 

has also been shown to contribute to morbidity and mortality (35).  

 

Blunt injuries dominate in children, they make up between 83-92% (20, 36) of all 

injuries, and road traffic accidents is the most common cause (36, 37). During the 

first years in life the unintentional injuries are the most common and during the 

teenage years intentional self-harm increases and becomes the second most 

common cause of death (22).  
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With an older population there will be more elderly people active in the society 

and, also as a consequence, more elderly people get injured. The most dominating 

injury mechanism among elderly is fall (27-29). The numbers of penetrating 

injuries among elderly seems to be low (29) and decrease with increasing age 

(27). 

 

Intention 
In the ICD-10 system intention is also included in the registrations. Assault and 

intentional self-harm are classified as intentional, some diagnoses are classified as 

intention unknown and some as unintentional. The unintentional group is the 

largest and includes for example traffic and falls.   

 

The physician in charge of the patient registers the ICD-10 diagnosis. This is of 

course done to the best of the ability of that physician but the intent is often 

difficult to assess. Sometimes intentional self-harm is evident but there can be 

cases where there is a suspicion of self-harm but no real proof. This will of course 

lead a significant risk for miscoding but to what extent is not known today. 

 

In Sweden 120 000 people are admitted to hospitals annually because of 

unintentional injuries (22). Among the children death from injuries have been 

declining since the 70-ties but the decline seems to have levelled off recently, (6, 

23, 38). Unintentional injuries is dominating and represents more than 90 % of all 

injuries among children (39). It has been estimated that 35% of the unintentional 

injuries in the working age group (18–64) could potentially be prevented (21). 

Intentional trauma mortality (self-harm and assault) has been found to be higher 

in areas with higher numbers of inhabitants (26). 

 

Location (pre or in hospital)  
Saving lives after a trauma is often a race against time as most deaths occur early 

after injury (33, 34, 40). Trunkey (41) first described the tri-modal death 

distribution with the first peak occurring within seconds to minutes, caused by 

un-salvable injuries best treated by preventive work. The second peak occurs 

within minutes to hours, this peak is interesting as it is this group of patients that 

would benefit most from an effective trauma treatment and a well-functioning 

trauma care system. The third peak occurs after days to weeks after injury and is 

characterized by death caused by complications to the trauma. This model has 

been taught to physicians worldwide through the ATLS course, and the knowledge 

of this concept is widely spread. During the years the model has been questioned 

(31, 42) and it is no longer considered a valid scientific concept although it has 

educational advantages, which probably is the reason why it still is being taught.  
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The time to hospital has also been found to be a good mortality predictor in 

trauma patients, where longer time to hospital leads to a higher mortality (43). 

This is also evident when patients with firearm injuries have a better chance of 

survival if they are transported to hospital by civilians instead of EMS (44). 

Transport time and the resulting pre hospital death rates also influences the in 

hospital death rates as some of the people arriving fast will die early in the 

hospital. Patients with long transport times are more likely to die pre hospital and 

thus the in hospital mortality will be lower and give a false impression of high 

quality care system with the following low mortality numbers. This is one reason 

why in hospital mortality should be analysed together with pre hospital mortality. 

 

Different trauma mechanisms contribute differently to pre hospital trauma 

deaths, the highest is seen in the self-harm group with a 89% pre hospital 

mortality. The corresponding numbers for transport and falls are 75% and 51%, 

respectively (26).  

 

Long distances and a difficult climate makes the prehospital management in 

Scandinavia a challenge. Time to reach the hospital is long, and patients requiring 

treatment at specialized clinics have even longer transport times (45). The rural 

setting with delayed incident reporting, long transport times and more lethal 

injury mechanism (5, 46) are factors that have been used to explain the high 

numbers of prehospital deaths in Scandinavia. It has been reported to be in the 

range of 45-85% (26, 33, 34, 40, 47). Trauma data in the pre hospital setting differs 

to that in hospital, with more men dying and at a lower age (33, 34).  

 

Depending on age, children get injured in different places. The youngest get hurt 

in or around the home, and between the ages of 7–12 the sites where the injury 

occurs are distributed evenly between the home and sports and athletic grounds. 

In older age groups most of the injuries happen on the sports and athletic fields, 

and in older age on the roads (6). The pre hospital child injury mortality is in the 

range of 54 and 58% in Scandinavia (20, 36).The majority of deaths in the working 

age is located in the pre hospital setting, in Norway 78% has been found to die in 

the pre hospital setting in the years between 1998 and 2007(26). In the group of 

elderly in hospital death is more common (34). 

 

 

Trauma organisation, trauma hospital systems 
The public emergency number in Sweden is 112. When calling you will reach the 

government financed dispatch organisation SOS alarm that will dispatch the 

ambulances (48). 
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The prehospital emergency medical services (EMS) is organised and funded by the 

county councils in Sweden. Ambulances are manned by two people where at least 

one of them is a nurse. There is a university specialist training for ambulance 

nurses but specialist training in anaesthesia is usually acceptable too.  

 

Patients are usually transported to the nearest hospital and if they need specialist 

treatment they are subsequently transported to a larger hospital. At the hospital’s 

trauma patients are treated according to the advanced trauma life support (ATLS). 

There are no trauma surgeons in Sweden, mostly because there are too few 

trauma cases to keep them busy. The surgeon caring for the trauma patient is 

usually a general surgeon, but it can also be a specialized surgeon like a 

neurosurgeon if the patient has isolated head injuries. 

 

Sweden has an EMS system based on ground transport. During the study period 

there were few helicopters and also few physicians working in the pre hospital 

setting. The other Scandinavian countries have a tradition of physicians’ pre 

hospital, and in Norway and Finland also helicopters (4). 

 

There is presently no national organized trauma system in Sweden. The need for 

this has been addressed and there is ongoing work on this topic (49). The need for 

an organized trauma system has also been identified previously in other countries 

(50, 51). 

 

After a personal tragedy where his family was severely injured, Dr Jim Styner 

started the advanced trauma life support training (ATLS) and the first course was 

held in in 1978. The course is now a foundation in trauma care in hospitals and 

provides the participants with a common approach and language in the care of 

injured patients (52). The first course in Sweden was held in 1996 and since then 

the course has been revised several times and at the moment it is under the 9th 

edition (53). ATLS is now an implemented approach to trauma in Sweden. 

 

American college of surgeons and National association of emergency medical 

technicians (NAEMT) developed prehospital trauma life support (PHTLS) in 1983. 

The first course in Sweden was held in 1998. The aim of this course is to reduce 

trauma morbidity and mortality and ensure an adequate treatment of trauma 

patients in the prehospital setting (54).  

 

 

Prevention  
A number of the pre hospital deaths occur immediate as the patients are severely 

injured (33, 34) and thus un-salvable. The only way lower these numbers would 

be preventive work. This is why we think that many of our findings reflect the 
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preventive work that has been done in society and this information may also 

contribute to further preventive work. 

 

Traffic and transport related injuries is one of the major injury mechanisms in the 

world (2, 32, 33). Sweden has had declining numbers for several years (6) and has 

an ongoing campaign since 20 years, the so called “Zero policy” under the direction 

of “The Swedish transport administration”. The campaign focuses on a preventive 

work with the aim that no one should die or get injured in traffic. So far the “Zero 

policy” has managed to reduce the mortality in traffic with about 50%. The 

participation in day-care activities for children seems to have a preventive effect 

on child injury mortality as well as mandatory swimming lessons (38). 
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GENERAL AIM 
 

Although trauma is a leading cause of death it has not received the same amount 

of attention research wise. In Sweden there is a unique situation for 

epidemiological studies with the almost complete national coverage in 

government financed patient registries. In this aspect the registries have been 

found valid for epidemiological studies especially as ICD-10 diagnoses of injury 

and causes of injury are included (34).  

 

The general aim of this research project was to study injury epidemiology in 

Sweden and assess the contribution of various effects on mortality. 

 

Aims  

To investigate: 

i) injury-related mortality in different age groups during the study period  

ii) injury-related mortality due to different injury mechanisms during this 

period  

iii) the effect of intent on injury mortality 

iv) injury mortality and where the death occurred (pre or in hospital) 
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METHOD  
 

Study population and data source   

The study period was a 14-year period from 1st January 1999 to 31st December 

2012 for the studies of injury related deaths, including pre hospital mortality 

(Paper I, II, IV) and a 10-year period from 2001 to 2011 for the study focusing on 

in hospital mortality prediction (Paper III), the latter including both the patients 

who survived and those who died after injury. We used the Swedish cause of death 

registry (CDR) where every Swedish citizen is registered (55). All admissions to 

hospital and co-morbidities were gathered from the Swedish national patient 

registry (NPR) (56). Population data for the country were obtained from the 

Swedish population registry (57).  

 

In Sweden all under the age of 18 are considered as children and thus treated at 

separate children wards/hospitals. There is no consensus concerning what is 

considered older age in the literature, we chose the age of 65 because it is the 

general retirement age in Sweden and we speculate that there is a significant 

behaviour change when people retire.  

 

The injury population was collected from the CDR (Paper I, II, IV) and the NPR 

(Paper III). We identified those whose underlying cause of death was recorded as 

external causes of morbidity and mortality in the International Classification of 

Diseases, 10th Revision (ICD-10) (Table 1). We refer to the underlying cause of 

death as the “mechanism of injury”. 

 

 

Table 1. External causes of morbidity and mortality, ICD-10 codes used in the papers 

 Paper I Paper II Paper III Paper IV 

Accidents, traffic V01-V99 V01-V99 V01-V99  

Accidents, fall W00-W19 W00-W19 W00-W19  

Accidents W20-X49 W20-X49  W26, W32 

Accidents X58-X59    

Intentional self-harm X60-X84 X60-X84  X72, X78 

Assault X85-Y09 X85-Y09 X85-Y09 X93, X99 

Undetermined intent    Y22, Y28 

Legal intervention 

and operations of war 

 Y35-Y36  Y35, Y35.4, 

Y36.4 
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Table 2. Overlap, number of patients. 

Paper I II III IV 

I 1 213  196* 38 

II  43 720 11 891* 1272 

III   815 846* 159* 

IV    1 310 

The table is structured as a correlation table: the total 

number of patients included in each study are shown in 

the matrix position of one study; the overlap number of 

patients are shown in the matrix position of two studies. 

*Hospital admissions 

 

 

In study I, II and IV we have included only the primary diagnosis as the cause of 

death, this excludes the late deaths caused by injury as they will not have an injury 

ICD code as a primary diagnosis. In study III we used 30-day mortality, the 

definition of mortality was death within 30 days of the index date. Death pre 

hospital was defined as death with no recorded hospital admission and death in 

hospital was defined as death with an admission date. The in hospital study 

population was selected to cover the three (fall, traffic, and assault) most lethal 

injury mechanisms among in hospital patients in Sweden (34). The overlap of 

patients between the studies is shown in Table 2. 

 

Injury severity risk adjustment method 

The diagnosis specific survival probability (DSP) for calculating ICISS included all 

patients (ICD-10 V01-Y98.9 or S00-T80, excluding T78 (adverse effects), using 

one main diagnosis and up to nine subsequent diagnoses to reflect the added 

mortality of multi-trauma. The ICISS for individual injury cases in the study 

population was calculated as the product of each probability for survival for said 

injury (11). The ICISS-model was used to build a larger mortality model and also 

to include, sex, age, and study years.  

 

Calculations of incidence and coexisting medical conditions 
Population data from the Swedish population registry (57), were used for 

calculating the incidence of mortality after injury as deaths /100 000 person-

years. The Charlson Comorbidity Index (CCI) was calculated using the scale as 

described in the original publication (16) and with the use of ICD-codes from 

Christensen et al. (17).  
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General statistics  

Differences between groups were tested with t test or chi-square test. Change over 

time was tested with linear regression. Multivariable logistic regression was used 

to analyse risk adjusted mortality. Probabilities of less than 0.05 were accepted as 

significant.  

RESULTS 
 
During the study period the number of deaths due to injury was 1213, 25 388, and 

18 332, in children, working age and among elderly, respectively. 

 

Injury-related mortality in different ages over time  

As shown in papers I-II mortality increased with each age group except between 

ages of 15–25 and 26–35 years (Figs. 1, 2). The incidence in child injury mortality 

increases more rapidly when the children are 13 years old and at the age of 17 the 

mortality is more than fourfold as high as at the of the ages 0-12 (Fig. 3). 

 

 

 

 
 

 
 
Fig. 1. Mortality/100 000 in age groups 0–65 years 
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Fig. 2. Mortality/100 000 in age groups 66 years and older 
 
 
 

 
Fig. 3. Incidence by age and sex. Grey = boys, black = girls, age in years on X-axis 
 
 

 

 

Injury mortality declined in the group of children (coefficient –0.18, r2 = −0.37, p 
= 0.02) (Fig. 4), mainly due to the decrease among boys (coefficient –0.13, r2 = 
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−0.48, p = 0.006). Figure 1 shows the results from Study II and Figure 4 shows the 
results from study I, note inclusion was different between studies. In study I the 
children that died in the tsunami disaster in the Indian Ocean in 2004 (ICD-10 
diagnosis X39) were excluded as outliers. 
 
 

 
Fig. 4. Deaths from injuries among children, years on X-axis 
 
 

Injury mortality over time declined in the group of working age (coefficient−0.40, 

r2 = 0.37; p = 0.02) (Fig. 5) but increased in elderly (simple linear regression 

showed that for each year the mortality increased with 0.59/100 000 person-

years, p = 0.046). When the model was adjusted for age (the coefficient for the 

variable “age” was −3.6 and not significant), the increase in adjusted incidence due 

to age was 1.39/100 000 person years (p = 0.03). As age was not found to influence 

the regression the increase in mortality does not seem to be an effect of an older 

population. 
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Fig. 5. Mortality/100 000 by year. Black all adults (over 17 years), grey elderly, 
dotted grey working age 
 
 
 

 

Injury related mortality in different injury mechanisms over time 

 
The proportional distribution of deaths in different injury mechanisms was not 
the same among the three age groups (Fig. 6) 



Injury mortality in Sweden; changes over time and the effect of age and injury mechanism  
Denise Bäckström 

 

 25 



Injury mortality in Sweden; changes over time and the effect of age and injury mechanism  
Denise Bäckström 

 

 26 
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Fig. 6. The percentage of deaths in different injury mechanisms, calculated on the 
total number of deaths in each age group, children n = 1213, working age n = 
25 388, and elderly n = 18 332. 
 
 
 

Injury related mortality changes depicted over time by injury mechanisms 
and age groups  
In the working age mortality declined for the following injuries: traffic related 

(coefficient −0.34, r2 = 0.85; p < 0.001), drowning (coefficient −0.05, r2 = 0.58; p = 

0.002), and assault (coefficient −0.03, r2 = 0.36; p = 0.022). The only mechanism 

of injury for which mortality increased in this age group was poisoning (coefficient 

0.23, r2 = 0.78; p < 0.001).  

 

In the elderly there were two mechanisms that lead to more deaths: fall 

(coefficient 1.71, r2 = 0.84; p < 0.001) and poisoning (coefficient 0.13, r2 = 0.69; p 

< 0.001). The following reasons decreased: traffic (coefficient −0.41, r2 = 0.82; p < 

0.001), drowning (coefficient−0.10, r2 = 0.50; p = 0.005), suffocation (coefficient 

−0.11, r2 = 0.77; p < 0.001), fire, smoke, hot objects (coefficient −0.08, r2 = 0.29; p 
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= 0.049), self-harm (coefficient −0.45, r2 = 0.75; p < 0.001), and assault (coefficient 
−0.05, r2 = 0.50; p = 0.005). In the children there were too few cases to calculate 
mortality over time and for different injury mechanisms. 
 
 

Penetrating injuries 
There was a decline in the mortality caused by sharp objects (coefficient -0.02, 
r2=0.41; p=0.008) while there was no change over time in those killed by gunshots 
(coefficient -0.001, r2=0.00; p=0.89) (Fig. 7).  
 

 
Fig. 7. Penetrating injuries. Black= Gunshots, Grey= Sharp objects 
 
 

The effect of intention on injury mortality 

Ninety seven percent of those who died because of penetrating trauma (sharp 
objects and firearms) were killed by intentional trauma (assault and intentional 
self-harm) Death caused by intentional trauma declined during the study period 
(coefficient -0.02, r2=0.44; p=0.01) (Fig. 8). Unintentional and death with 
unknown intent were too few for an analysis.  
 
Children deaths from unintentional injury was more common than that after 
intentional injury (p < 0.0001), the incidence being 1.4/100 000 children-years 
(95 % CI 1.3–1.5). There was a reduction in the incidence of unintentional injuries 
in children during the study period (coefficient –0.13, r2 = −0.52, p = 0.03). The 
number of deaths after intentional injury increased between 1999 and 2012 
(coefficient 0.04, r2 = 0.34, p = 0.03) and at the end of the period it reached 1.5 
deaths/100 000 children-years (95 % CI 1.0–2.1) (Fig. 9). 
 



Injury mortality in Sweden; changes over time and the effect of age and injury mechanism  
Denise Bäckström 

 

 29 

 
Fig. 8. Intentional injuries in penetrating injuries (sharp objects and firearms) 
 
 

 
 

 
Fig. 9. Incidence of unintentional (grey) and intentional (black) injuries in 
children, years on X-axis 
 

 
 

Injury mortality and the effect of location (pre or in hospital) 

The crude overall in hospital mortality remained relatively stable over time (from 

17 to 17 dead within 30 days/100 000 inhabitants, p = 0.72). The incidence of fall-

related injuries treated in hospital decreased from 689 to 636 hospital admissions 
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/ 100 000 inhabitants (p=0.047, coefficient -4.71, 95% confidence interval (CI) -

9.93 to 0.06), and traffic-incident-related ones from 169 to 123 observations/100 

000 inhabitants, (p<0.0001, coefficient -5.37, 95% CI -6.91 to -3.82). The incidence 

of assault-related injuries remained almost unchanged over the period (from 25 

to 26 hospital admissions/100 000 inhabitants, p=0.45, coefficient 0.11, 95% CI - 

0.21 to 0.43).  

 

The risk-adjusted 30-day mortality for patients treated in hospital decreased in 

traffic related injuries (OR 0.95; 95% CI 0.93 to 0.97) and assault (OR 0.93; 95% 

CI 0.87 to 0.99), while no change was seen in mortality after falls. 

 

There was a small decline in the pre hospital incidence in deaths by penetrating 

injuries (coefficient -0.02, r2=0.30; p=0.04) during the study period. 

 
 

 
Fig. 10. Mortality before admission/100 000 by year. Black aged 65 and over, 
gray working age 
 
 
 
One thousand and seventeen (83%) of the children died prehospital. In the 

working age 22 211 (80%) of 25 388 died pre hospital. Mortality in the working 

age declined overall, both in hospital (coefficient −0.09, r2 = 0.60; p = 0.001) and 

before admission (coefficient −0.31, r2 = 0.29; p = 0.048) (Fig. 10). Nine thousand 

six hundred and eighteen (53%) of 18 332 of the elderly died prehospital. 

Mortality before admission to hospital in the elderly decreased (coefficient −0.51, 

r2 = 0.63; p = 0.001) (Fig 10), and that after admission to hospital increased 

(coefficient 1.10, r2 = 0.73; p < 0.001). 
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DISCUSSION 
 

The incidence of injury mortality in Sweden in this study was found similar to 

what others have reported in Scandinavia (4, 33, 58). The injury mortality 

distribution we found is as expected dominated by blunt injuries in traffic 

accidents in the working age group and in falls in elderly. The intentional injuries 

which are dominated by intentional self-harm group has been shown before but 

by looking at it in different age-groups and over time we have been able show an 

increase in children that has not been noted before. We have also been able to 

show that the injury mechanism causing deaths has a different pattern in the 

working age as compared to elderly which should lead to an increased focus on 

the preventive work in these areas.  

 

 

Injury-related mortality in different age groups over time  

We were surprised to find that the overall injury mortality during the study period 

remained unchanged. Compared to what others have found in Scandinavia our 

incidence with 33 deaths / 100 000 person years was in the lower range reported 

(4). 

 
The increase in injury mortality in children starts in teenage years (Fig. 3). The 

higher mortality in older age has been described several times before (25, 28, 29) 

but we can also show that injury mortality is increasing with older age in all age-

groups (except for 15-25 and 25-35 years) not only in the very old (Fig. 1, Fig. 2).  

 

Children 
The decrease in child injury mortality in Sweden is interesting (Fig. 4) as Sweden 

already has one of the lowest childhood mortality rates in the European Union 

(21). This indicates that further reduction can be obtained in other countries too. 

The decline was more pronounced among the boys, which also is an interesting 

finding. We have not been able to find a specific reason for this decline but one 

explanation could be that child injury mortality in girls is already on very low level 

making it hard to lower it even further. 

 

Working age 

It was interesting to find a decline in mortality in the working age (Fig. 5). The 

working age is the largest age group (24, 25) and the overall unchanged mortality 

could mislead us to get the impression that nothing has changed in trauma 

mortality but this finding indicates that preventive work and improvements has 

had an effect although only in specific age groups. There are some publications 
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presenting similar results, although those studies were done on more specific 

subgroups (59).   

 

Elderly 

It has been suggested that the age of 70 years should be used as a cut of for elderly 

people because of mortality inclining at that age (24). We chose the age of 65 as 

this is the age where most people retire in Sweden, and we think that retirement 

changes the way people behave in society and thus the risks they subject 

themselves to. 

  

The downside of the decrease in injury mortality in the working age and the 

overall unchanged mortality is that there can be an incline in injury mortality in 

the group of elderly. The results of the present study, however, indicate that the 

increase is not merely an effect of an aging population (Fig. 5). This is interesting 

because it suggests that the preventive work and the improvements in healthcare 

has not been effective in the elderly. This issue has been addressed by others: one 

perspective is that coexisting morbidities in the group of elderly can result in 

higher level of severity of a given type of injury (60, 61); another is the need of 

targeted preventive measures (62); although some authors put forward that the 

overall knowledge about trauma related issues in the group of elderly is 

insufficient, and that the whole field, from prevention to rehabilitation, needs to 

be studied more closely (63).   

Injury mechanism 

We found an incidence in penetrating trauma (sharp objects and firearms) that 

was (Fig. 7) lower than what has been reported previously from Scandinavia (1). 

Fowler et al. (64) report a firearm mortality incidence of 10.2 / 100 000 

inhabitants in the united states which is almost ten times as high as that we found 

in Sweden (Fig. 7).This Scandinavian trauma pattern with few penetrating injuries 

is a known phenomenon and it contributes to the whole trauma picture with a 

higher mean age of the trauma victims and falls as one of the most common trauma 

mechanisms (4, 26, 33). 

 
Children 

Traffic accidents was the most common trauma mechanism in children (Fig. 6), 

which is similar to what other have reported (6, 20, 33, 65). As the country has 

been urbanized children have been separated from the traffic through modern city 

planning with separate pedestrian and cycle lanes (38). During the study period 

the “Zero policy” implemented by “The Swedish transport administration” has 

been adopted and the aim is to develop a safe road transport system including 

information campaigns about child safety restraints, separated traffic lanes 

travelling in opposite directions and safer cars. Swimming lessons and the use of 
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life-jackets have also paid off with a markedly decline in drownings since the 

1950s (38). 

 

 

Working age 

The most common mechanism of injury among those of working age was self-

harm, which was more than twice as common as injuries from vehicle and traffic 

collisions (Fig. 6). Kristiansen et al. (26) also found it to be the most common cause 

of death from injury in the working age population, although not quite to the same 

extent. Soreide et al. (33) reported that suicide was responsible for 21% of (54 of 

269) the deaths, and another Norwegian study by Bakke et al. (40) found it to be 

33% (87 of 266), which is close to the 37% that we found in adults (Table 1). In 

the working age group, self-harm was responsible for almost half of the deaths 

(Table 1).  

 

The second most common cause of death among those of working age was injuries 

related to vehicle and traffic collisions. In 2002 the decrease in vehicle-related 

mortality seemed to have levelled off in Sweden (6), thus we did not expect to find 

a distinct decline during the whole period. Traffic-related injuries have been 

reported to be the most common cause of death from injury in Scandinavia in 

several studies (33, 47, 65, 66). Improvements in medical technology seem to have 

had an impact on this decline, and could be a contributing factor (59). During the 

period there have been several preventive measures taken under the “zero policy” 

strategy implemented by The Swedish Transport Administration. Our data 

support this as a good example of how preventive measures can affect mortality. 

 

Elderly 

As many others have shown before us the most common injury mechanism in 

elderly was fall (25, 28, 29, 58, 67-69). We also found that fall is not a common 

cause of injury death in the working age. Looking at the whole population fall 

seems to be an important injury mechanism although with our study it is obvious 

that preventive measures should be focusing on the elderly. We also found an 

increase in incidence of falls in the elderly suggesting the need for further 

preventive measures.  

 

Intention 

Intentional self-harm is a major contributor to injury mortality (33, 40, 70). The 

decline in intentional self-harm in penetrating injuries could in part be attributed 

to changing trends in suicide methods as there seems to be a changing trend over 

time (71, 72). We found intentional self-harm by handgun discharge in Sweden 

(0.19 per 100 000 person years) to be in a totally different range than the 7.19 per 

100 000 that Fowler et al. (64) found in the United States. Homicides are also less 
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frequent in our study (0.03 per 100 000 person years) compared to the 3.66 per 

100 000 that Fowler et al. (64) found. Although there is a difference in the 

numbers there are some similarities, the most common cause of mortality by 

handguns is self-inflicted followed by assault in both the United States and Sweden 

(64). It has been showed that access to firearms contribute to suicides with 

firearms (70, 73). Self-harm injuries with firearms are known to be more lethal 

than other methods (71).  

 
 
Children 
Mortality patterns in injured children in Sweden have changed from being 

dominated by unintentional injuries to a more equal distribution between 

unintentional and intentional injuries. The overall rate has declined as has been 

found by others in the past and this decline results from a mortality reduction that 

is more pronounced among the boys. The increasing mortality after intentional 

injuries in our series was not as pronounced as the decrease in unintentional 

injuries. The distribution between the two in our series now seems to approach 

that in other parts of the world where mortality after injury among children has a 

more equal distribution, and unintentional injuries are only slightly more 

common (74), and intentional injuries show no signs of decreasing (75). Self-harm 

dominates in data from the intentional studies, and one reason why this group is 

increasing could be a change in coding policies in Sweden with perhaps a more 

liberal attitude towards reporting self-destructive behaviour. 

 

Location (pre or in hospital) 

In hospital 

The incidence of fall and traffic related injuries treated in hospital decreased, but 

the same was not seen in assault injuries. There was a decrease in risk adjusted 

mortality for traffic and assault injuries treated in hospital, which may suggest 

that there have been improvements in prehospital and/or in-hospital 

management of these injuries. Risk adjusted mortality for fall related injuries 

treated in hospital did not decrease.   

 

Pre hospital 

There is no nationally organized system using physicians in pre-hospital care in 

Sweden. In some parts of the country there is a physician available at some hours 

but during the study period that was a rare phenomenon. There are some studies 

suggesting that pre-hospital physicians have an impact on trauma mortality (76, 

77). The lack of prehospital physicians in Swedish medical care could contribute 

to the high numbers of prehospital deaths. Prehospital death rates are higher in 

rural areas (5, 26) which could also contribute to our findings as a majority of the 

Swedish population live in rural areas.  
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Children 

Injury death was more common pre hospital in children. With 83% dying before 

reaching the hospital children are more likely to die pre hospital than the elderly 

but not than the working age group. The place of death (in or out of hospital) has 

been related to intent as those with intentional injuries are more likely to die 

outside the hospital (34), and our study also supports this. 

  
Working age 

We think that the high numbers of self-inflicted injuries in part also explains the 

high numbers of pre hospital deaths in the working age group population. Suicides 

have high prehospital death rates (5, 40) because of the mechanism of injury, i.e., 

that it is designed to be lethal. Injury related prehospital death has been reported 

to be in the range of between 45% and 85% in Scandinavia (5, 26, 33, 47, 58, 65). 

Wisborg et al. (47) found the highest number with 85%, and Kristiansen et al. (26) 

who studied a working age population in Norway found a 78% overall pre-

hospital mortality. Our finding of 87.5% pre-hospital deaths in the working age 

group is higher but the overall pre hospital mortality in adults was only 72% in 

our study. 

 

Elderly 

The number of pre hospital injury deaths is only 53% in elderly which makes it 

almost as common to die in hospital as pre hospital in this group. Pre hospital 

mortality decreased while in hospital mortality increased. This could be a result 

of several different mechanisms. One being that pre hospital medical providers do 

better which results in a higher number of injured reaching hospitals alive. This 

could of course also be a result of an in hospital healthcare that has deteriorated 

over time.  

GENERALIZABILITY 
Sweden is a typical northern European country with cold weather and a mainly 

rural setting. The EMS and healthcare organisations have many similarities as well 

as the medical training programmes for health professionals (4). Because of this 

we think that our results are generalizable in northern Europe. We also think 

these results are important for other parts of the world as we can show the 

importance of both looking at the whole injury or trauma cohort and to analyse 

subgroups to better understand the injury epidemiology. According to our results 

it is clear that fall is an important injury mechanism, and when analysing different 

age groups it is clear that this mechanism is important especially in the elderly but 

less in children or the working age group. With this information preventive work 

can be targeted to this specific group and hopefully improve the mortality figures 

in future studies.  
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STRENGTHS AND LIMITATIONS 
In this work we have had an injury focus with an inclusive approach that we think 

is an advantageous when doing larger epidemiological studies. By including all 

injury diagnoses we can get a more complete overview of the injury and trauma 

picture in Sweden. Injury is a larger term which includes more diagnoses than 

trauma. Some diagnoses are defined as trauma but are usually excluded from 

trauma research, probably because they traditionally have not been included in 

trauma databases.  

 

One of the strengths of this work is that a government-financed database that 

applies to every Swedish inhabitant was used, and thus this gives a complete 

picture without the risk of bias. The necropsy rate in this database was 79% of 

those who died of injuries before admission to hospital (34). A limitation of this 

work is the retrospective design, which requires that the physicians have filled in 

the death certificates correctly. The long study period (14 years) is a strength, as 

it allows the development of the picture over time and lowers the risk of drawing 

conclusions from a single deviant year. A strength, though, was that as we included 

all deaths from injury we were able to show that most died before admission to 

hospital, and that such deaths are decreasing over time. If they are excluded, 

important information about death from injury and the mechanisms involved 

would be lost, and conclusions would not be as solid. We think that our findings 

are important to enforce the preventive work that is being done in the society and 

in the organization of healthcare. 

 

The Risk adjusted mortality analysis by ICISS on a large data set entails some 

challenges. The selection of valid cases in a data set too big for manual 

management is a challenging task. In addition, the relatively technically 

complicated method that ICISS is based on can complicate the interpretation and 

presentation of the results.   

 

Miscoding of ICD-10 codes is a reality although it has shown to be below 40% in 

trauma studies (78, 79). The amount of miscoding vary between different studies 

and diseases (78-80).  
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FUTURE CHALLENGES 
 

Injury is a major contributor to death and morbidity worldwide, Sweden is no 

exception (6). Injury death has been lowered in Sweden by using a continuous 

systematic preventive work as well as the medical improvements that has been 

achieved in recent years. Sweden has a typical injury pattern that can be found in 

Scandinavia with a mainly blunt trauma mechanism, a male predominance and 

high numbers of pre hospital deaths. The decline in trauma mortality in Sweden 

can give important information about the effect of the preventive work and the 

medical improvements. Although Sweden already had the lowest numbers in child 

injury mortality in the world it has still been lowered further and this achievement 

should be studied further to be able to draw conclusions on how this was achieved.   

 

Some areas of special concern is for example the incline in intentional self-harm 

in children that deserves to be studied further as this could potentially be an area 

that could benefit from preventive work. The incline in in hospital mortality in the 

elderly is also something that would be interesting to study. Penetrating trauma 

with very low numbers found in Sweden should be useful for other countries in 

lowering their numbers. The high numbers of pre hospital death needs to be 

further examined as it is potentially an area where many lives could be saved if 

the right interventions are implemented. 
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CONCLUSIONS 
 

 The overall injury mortality remains unchanged in Sweden but looking at 

different subgroups differences are registered, such as a decline in children 

(boys) and for the working age-group but in conjunction to an increase in 

the elderly.  

 

 The fact that injury mechanism patterns varies between different age 

groups is important when planning preventive measures.  

 
 Unintentional injuries in children has decreased while intentional injuries 

increases. 

 
 Most of the penetrating injuries are intentional.  

 

 Prehospital mortality is high in Sweden and a decrease is seen during the 

study period.  

 
 The findings that in hospital risk adjusted mortality has been decreasing in 

traffic and assault related injuries but not in fall related injuries suggest 

that the medical treatment has been improved over time. The treatment 

policies and routines for the group of elderly requires further studies with 

subsequent actions however. 
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SUMMARY IN SWEDISH 
 

Bakgrund: Skador är en av de vanligaste dödsorsakerna världen över. Olika typer 

av skador dominerar på olika platser och har olika påverkan på mortaliteten. I 

Skandinavien dominerar skador av trubbigt våld och majoriteten dödsfallen sker 

utanför sjukhus. Över tid varierar olika skademönster och genom att analysera 

detta kan vi bedöma var och hur preventivt arbete kan förstärkas. Målet med den 

här avhandlingen var att studera skadeepidemiologi i Sverige och bedöma hur 

olika skademönster påverkar mortaliteten.  

 

Metod: Vi använde det svenska dödsorsaksregistret och slutenvårdsregistret 

vilka har en komplett nationell täckning. ICISS beräknades (baserat på ICD-10) på 

sjukhus-populationen. Vi har valt att göra den här studien med ett brett perspektiv 

och använda termen skada, vilket inkluderar trauma men också andra diagnoser 

såsom kvävning eller drunkning. 

 

Resultat: Under studieperioden (1999-2012) var antalet döda på grund av skada; 

1213, 25 388 och 18 332 bland barn, arbetsför ålder och äldre. Mortaliteten sjönk 

bland barnen och i arbetsför ålder men steg i gruppen av äldre. Mortaliteten steg 

med varje åldersgrupp förutom mellan 15-25 och 26-35 år. Ettusen-

tvåhundrasextiofyra (97%) av dem som dog på grund av penetrerande skador 

(skärande föremål och skjutvapen) dog på grund av avsiktlig skada (överfall och 

självskador). Ettusen-sjutton (83%) av barnen dog innan transport till sjukhus. I 

arbetsförålder dog 22 211 (80%) av de 25 388 utanför sjukhus. Niotusen-

sexhundraarton (53%) av 18 332 äldre dog utanför sjukhus. Under 2001-2011 

sjönk den risk-justerade mortaliteten för dem som vårdats på sjukhus på grund av 

trafik och överfall men inte för fall-relaterade skador. 

 

Diskussion: Överlag hittade vi den förväntade skadebilden, med skador efter 

trubbigt våld (trafikolyckor) som dominerar i arbetsför ålder och fall som 

dominerar hos äldre. En betydande andel av dem som dog gjorde det utanför 

sjukhus. De avsiktliga skadorna domineras av självskador. Minskningen av 

skademortaliteten bland barn är anmärkningsvärd eftersom Sverige redan har en 

av världens lägsta incidenser i världen. Minskningen i skademortalitet i arbetsför 

ålder antyder också att det preventiva arbetet haft en effekt. Ökningen i 

skademortalitet hos de äldre behöver å andra sidan studeras ytterligare. 

Intressanta områden för fortsatt preventivt arbete är den ökande 

skademortaliteten bland äldre och de ökningen av avsiktliga skador hos barn.  
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