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ABSTRACT

Introduction: A rural gradient in trauma mortality disfavoring remote inhabitants is well known. Previous
studies have shown higher risk of traumatic deaths in rural areas in Norway, combined with a paradox-
ically decreased prevalence of non-fatal injuries. We investigated the risk of fatal and severe non-fatal
injuries among all adults in Norway during 2002-2016.

Methods: All traumatic injuries and deaths among persons with a residential address in Norway from
2002-2016 were included. Data were collected from the Norwegian National Cause of Death Registry and
the Norwegian Patient Registry. All cases were stratified into six groups of centrality based on Statis-
tics Norway'’s classification system, from most urban (group one) to least urban/most rural (group six).
Mortality and injury rates were calculated per 100,000 inhabitants per year.

Results: The mortality rate differed significantly among the centrality groups (p<0.05). The rate was
64.2 per 100,000 inhabitants/year in the most urban group and 78.6 per 100,000 inhabitants/year in the
most rural group. The lowest mortality rate was found in centrality group 2 (57.9 per 100,000 inhab-
itants/year). For centrality group 6 versus group 2, the risk of death was increased (relative risk, 1.36;
95%Cl: 1.11-1.66; p<0.01). The most common causes of death were transport injury, self-harm, falls, and
other external causes. The steepest urban-rural gradient was seen for transport injuries, with a relative
risk of 3.32 (95%Cl: 1.81-6.10; p<0.001) for group 6 compared with group 1. There was a significantly
increasing risk for severe non-fatal injuries from urban to rural areas. Group 2 had the lowest risk for
non-fatal injuries (1531 per 100,000 inhabitants/year) and group 6 the highest (1803 per 100,000 inhab-
itants/year). The risk for non-fatal injuries increased with increasing rurality, with a relative risk of 1.07
(95%CI: 1.02-1.11; p<0.01) for group 6 versus group 1.

Conclusions: Fatal and non-fatal injury risks increased in parallel with increasing rurality. The lowest
risk was in the second most urban region, followed by the most urban (capital) region, yielding a J-shaped
risk curve. Transport injuries had the steepest urban-rural gradient.

© 2021 The Author(s). Published by Elsevier Ltd.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)

Introduction

Norway has an elongated shape and one of the longest and
most rugged coastlines in the world, with more than 50,000 is-

Traumatic injury is a leading cause of death and disability
worldwide, accounting for 10% of the global burden of disease [1].
The main causes are road traffic injuries, suicide, falls, and vio-
lence. Traffic injuries are ninth among causes of the global bur-
den of disease, and road traffic deaths continue their climb, top-
ping 1.35 million deaths worldwide in 2016 [1,2].
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lands off its mainland. The country covers 13 degrees northern
latitude from south to north. Previous studies have shown asso-
ciations between trauma outcomes and geographic location [3-
10], and several groups have found higher mortality rates in ru-
ral compared to urban areas in Norway [11-13]. Kristiansen et al.
reported a 33% higher trauma-related mortality rate in rural ar-
eas of Norway. Finnmark, the northernmost county in Norway, has
a higher injury-related mortality rate than a more central county
[13]. A recent study on pediatric injury showed a significantly
higher trauma-related mortality rate in rural Finnmark, but con-
versely showed a significantly reduced risk of non-fatal injuries for
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children in Finnmark compared to the rest of Norway [14]. Most
rural deaths (85%) in northern Norway occur in the prehospital set-
ting within the first hour after an injury [15]. The reason for the
high proportion of early deaths is unclear. It has been suggested
that this discrepancy is the result of increased trauma severity or
reduced trauma care [3], but firm evidence for such assumptions
is lacking [16].

A study from 1994 [17] showed that death was potentially pre-
ventable in 39% of patients who died before reaching the hospi-
tal, similar to results from a 2010 study of rural areas in Canada
[8]. Kristiansen et al. [11] found that in the working-age popula-
tion in Norway, 78% of all trauma-related deaths occurred outside
hospitals, and the proportion of prehospital deaths increased with
lower population density. The proportion of prehospital deaths was
higher among trauma victims in rural areas but still high in the
more urban areas [3,4,11,16,18]. In some rural areas, there is evi-
dence of an increased risk of death in the emergency department
for patients surviving long enough to reach the hospital [8].

Injury is the most frequent cause of death for people under the
age of 45 years in Norway. Annually, 10% of residents are registered
as injured, with 100,000 needing hospital treatment [19].

The Norwegian healthcare system is publicly funded. The coun-
try has 526 ambulances with a total driving distance of 33,198,783
km per year [20]. In addition to ground ambulances, there are
9 dedicated ambulance airplanes and 19 helicopters staffed with
anesthesiologists, including 6 search-and-rescue helicopters [21].
Norway has four hospitals defined as trauma centers, located in
Oslo, Trondheim, Bergen, and Tromse. These fulfill and contain fa-
cilities, personnel, and preparedness equivalent to American Col-
lege of Surgeons level-one trauma centers. In addition, 32 hospi-
tals provide trauma care throughout their regions [19], all with
defined trauma team composition and requirements for training,
response time, and equipment. In total, there are approximately
7000 trauma team activations annually. Of these, 2500 are pri-
mary admissions to one of the four trauma centers and 4500 to
hospitals with trauma function [22]. A national trauma plan from
2006 was revised and implemented in 2016 with the aim to se-
cure equal high-quality trauma care independent of age, sex, and
residential address [19]. All hospitals in Norway delivering trauma
services are now committed to fulfilling several criteria concerning
training, preparedness, facilities, and trauma team activation. Am-
bulance personnel are authorized healthcare providers, and the ed-
ucation and competence requirements are now standardized. Addi-
tionally, vehicle safety has improved, as has mandated seatbelt use
in public transport and speed and anti-intoxication campaigns.

Since the latest studies using data collected during 1998-2007
and 2000-2004 [11,12], there is reason to hope that the high mor-
tality rate in rural Norway has decreased.

In this study, we investigated the risk of fatal and severe non-
fatal injuries among all adults in Norway during 2002-2016, with
a focus on the degree of rurality.

Methods
Participants and data collection

All traumatic injuries and deaths among persons with a resi-
dential address in Norway from 2002-2016 were included. Data
were collected from two official national registries, the Norwegian
National Cause of Death Registry and the Norwegian Patient Reg-
istry, which both include all patients with a Norwegian identity
number. All cases were stratified according to six groups of cen-
trality based on Statistics Norway’s classification of centrality 2017,
with class one of six being most urban [23]. Each of the registries
provided data grouped into six categories based on the classifica-
tion of centrality.
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All cases extracted were patients age 16 and above at a national
level. Data concerning inhabitants per centrality index level were
extracted from Statistics Norway. Index year was set to 2008 as
the middle of the study period and used as reference when rates
were estimated.

Norwegian National Cause of Death Registry

To describe the number of injuries with a fatal outcome be-
tween 2002 and 2016, we used data from the Norwegian National
Cause of Death Registry. Traumatic deaths registered with Interna-
tional Classification of Diseases categorization (ICD-10) codes from
V01 to Y89 as the primary cause were included. Data were catego-
rized according to cause of death using the ICD-10 codes for trans-
port injury (V01-V99), assault (X85-Y09, Y87.1), fall injury (WO0),
fire (X00-X09), self-harm (X60-X84, Y87.10), and other (V01-Y89
except the previous).

The Norwegian Patient Registry

The Norwegian Patient Registry registers all patients receiv-
ing treatment as inpatients or outpatients in Norwegian hospitals.
We extracted data for all inpatient care episodes registered during
2002-2016 with ICD-10 codes S00-T78. With exclusion of outpa-
tient registrations, all cases were considered severe because they
required hospital admission. An episode was defined as a period
during which a patient received healthcare for the same problem.
All elective treatment was excluded.

Variables and definitions

There is no standard definition of rurality in trauma research,
and several categorizations exist when comparing rural and urban
areas. In this study, we compared statistics for the six groups of
centrality based on Statistics Norway’s classification [23]. Norway’s
430 municipalities consist of approximately 13,500 populated sta-
tistical units. Calculation of the index is based on two compo-
nents: the number of workplaces and the number of different ser-
vice functions accessible by car within 90 minutes from the pop-
ulated statistical units. Each municipality receives a value reflect-
ing its degree of centrality (1-1000), and they are grouped into
six groups, with group 1 containing the most urban municipalities
and group 6 the most rural [23]. The calculation incorporates dis-
tance to service functions, including to healthcare services, but it
does not differentiate among trauma centers, hospitals with acute
trauma care designation, or other local hospitals.

Using Statistics Norway’s classification of centrality, we com-
pared six groups of rurality without comparing predefined differ-
ent geographical areas. The Norwegian Patient Registry and the
Norwegian National Cause of Death Registry contain geographical
data based on residential address and not where the injury oc-
curred. Residential address thus determined the degree of central-
ity in this study.

Settings

The study area is the country of Norway, with a total of
4,737,171 inhabitants living in a geographic area spanning 385,207
km? [24]. Of the total population, 42.6% reside in areas defined as
urban (centrality index groups 1-2), 43.5% in intermediate areas
(groups 3-4), and 14.0% in areas defined as rural (groups 5-6) [23].
Norway had 430 municipalities in 2008. Oslo is the most populous,
with 681,071 inhabitants, and Utsira has the smallest population,
with only 196 [25].

Statistical analysis

Mortality and injury rates were both calculated per 100,000 in-
habitants at risk per year in each of the six groups of centrality
based on the average number of inhabitants in 2008 (index year).
The population was extracted from the registries and divided into
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Fig. 1. The adult Norwegian population in the index year 2008, stratified by place of living in the centrality index (1 is most urban) and by age.
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Fig. 2. The share of the population age >66 years at risk in each of the centrality index groups, with group 1 being the most urban area.

subgroups according to age: the working-age population (16-66
years) and the elderly population (age >66 years). PASW Statistics
v.25 software (SPSS, Inc., Chicago, IL, USA) was used to perform the
statistical analysis using Pearson’s chi-square test. Statistical signif-
icance was set at p<0.05.

Ethics

The Regional Committee for Medical and Health Research Ethics
for Northern Norway at the University Hospital of Northern Nor-
way, Tromse (ref. 2018/2531), approved the study.

Results

Population at risk

The total population over age 15 years in the index year 2008
was 3,766,422, of whom 3,152,714 were of working age (16-66
years) and 613,728 were over age 66 years. The population com-
position is shown in Fig. 1, and Fig. 2 shows the percentage of the
population over age 66. In centrality group 1, 14% were over age
66, compared to 22% in group 6.

Mortality rate

In the 15-year study period, there were 36,790 deaths with an
“external cause” (ICD-10 code V0-Y89) in the study population. The
mortality rate was 65.1 per 100,000 inhabitants/year for all central-
ity groups combined.

The mortality rate differed significantly by level of centrality.
The mortality rate in the most urban group (1) was 64.2 per
100,000 inhabitants/year, whereas in the most rural group (6), it
was 78.6. The lowest mortality rate was found in centrality group
2 (57.9 per 100,000 inhabitants/year), which we used as a refer-
ence in addition to group 1. There was an increased risk of injury-
related death for group 6 versus 2, with a relative risk of 1.36 (95%
confidence interval [CI]: 1.11-1.66; p<0.01). There was no statisti-
cally significant increased risk of injury-related death for centrality
groups 2 through 5, respectively, compared with centrality group 1
(Table 1)

We found a significantly higher mortality rate for males com-
pared to females. The total mortality rate was 78.3 per 100,000
male inhabitants/year, compared with 52.2 per 100,000 female in-
habitants/year (p<0.001). The six groups of centrality did not differ
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Table 1
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Mortality rates after injury per 100,000 inhabitants at risk/year in the Norwegian population >15 years, stratified by centrality.

Centrality Index Mortality rate

Relative risk compared to centrality group 1 (95%Cl)

Relative risk compared to centrality group 2 (95% CI)

1 64.2 1

2 57.9 0.90 (0.80-1.02, n.s.)
3 67.3 1.05 (0.93-1.18, n.s.)
4 66.4 1.03 (0.91-1.18, n.s.)
5 71.2 1.12 (0.95-1.29, n.s.)
6 786 1.23 (1.00-1.50, n.s.)

1.11 (0.98-1.26, n.s.)

1

1.16 (1.04-1.31, p<0.05)
1.15 (1.01-1.30, p<0.05)
1.23 (1.06-1.43, p<0.01)
1.36 (1.11-1.66, p<0.01)

n.s.: not significant; Cl: confidence interval.
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Fig. 3. Mortality rate after injuries per 100,000 inhabitants at risk/year, by sex and centrality group, with group 1 being the most urban area.

in mortality among females. In contrast, relative risk was increased
for males in group 6 compared to those in group 1 (relative risk,
1.36; 95%Cl: 1.05-1.77; p<0.02) (Fig. 3).

The mortality rate for the working-age population (16-66 years)
was 38.6 per 100,000 inhabitants at risk/year. The most urban
group, group 1, had a mortality rate of 38.0 per 100,000 inhabi-
tants in this age group/year, and the most rural group, group 6,
had a mortality rate of 44.3 per 100,000 inhabitants (Fig. 4). The
levels of centrality showed no significant differences in this com-
parison (p>0.2).

In the group over age 66 years, the total mortality rate was
2011 per 100,000 inhabitants at risk/year. The centrality groups
also showed no differences across this age level (p>0.05).

Causes of death

The most common causes of death were transport injuries, self-
harm, falls, and other external causes. “Other external causes” had
the highest mortality rate at 26.8 per 100,000 inhabitants/year
(41% of the total deaths). Urban and rural areas did not differ
significantly in this group. Falls caused 14.9 deaths per 100,000
inhabitants/year (23%), and self-harm caused 14.3 deaths per
100,000 inhabitants/year (22%) (Fig. 5). Deaths caused by trans-
port injuries had a total mortality rate of 6.8 per 100,000 in-
habitants/year. The steepest urban-rural gradient was seen in the
transport category, with a relative risk of 3.32 (95%Cl: 1.81-6.10;
p<0.001) for group 6 compared to group 1. There was also a sig-
nificant difference between group 6 and group 1 in deaths caused
by fire, with a relative risk of 1.79 (95%Cl: 1.28-2.50; p<0.001). The

centrality groups did not differ significantly for the other causes of
death.

Non-fatal injuries

In the 15-year study period, there were 942,844 non-fatal in-
juries recorded as requiring hospital admission. The non-fatal in-
jury rate is shown in Table 2. This rate differed significantly by
level of centrality (p<0.001). Group 2 had the lowest risk of non-
fatal injuries (1531 per 100,000 inhabitants/year) and group 6 the
highest (1803 per 100,000 inhabitants/year). The risk of non-fatal
injuries increased with degree of rurality, with a relative risk for
group 6 vs. group 1 of 1.07 (95%CI: 1.02-1.11; p<0.01) (Fig. 6).

Non-fatal injuries according to age

The non-fatal injury rate differed significantly by level of cen-
trality (p<0.001) in both the working-age population (16-66 years)
and those >66 years. In the working-age population, group 2
had the lowest risk of non-fatal injuries (1065 per 100,000 in-
habitants/year) and group 6 the highest (1264 per 100,000 in-
habitants/year). The non-fatal injury risk increased with a higher
degree of rurality, with a relative risk of 116 (95%Cl: 1.10-1.23;
p<0.001) for group 6 vs. group 1 (Table 3).

For those over age 66 years, however, the results showed the
reverse pattern, with a decreased risk of non-fatal injuries in the
most rural group (group 6: 3680 per 100,000 per inhabitants/year)
compared with group 1 (5323 per inhabitants/year). The risk of
non-fatal injuries decreased with a higher degree of rurality, with
a relative risk of 0.35 (95%Cl: 0.33-0.37; p<0.01) for group 6 com-
pared with group 1 (Table 3).
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Fig. 5. Mortality rate after injuries in adults per 100,000 inhabitants at risk/year, by centrality group and cause, with centrality group 1 being the most urban area. The
dotted trend curve represents road traffic injuries.

Table 2
Non-fatal injury rate in centrality groups 1 to 6 per 100,000 inhabitants at risk/year.
Centrality index Rate of non-fatal injuries Relative risk compared to group 1 (95%CI)
1 1690 1
2 1531 0.90 (0.88-0.93, p=0.01)
3 1694 1.00 (0.98-1.01, n.s.)
4 1714 1.01 (0.99-1.04, n.s.)
5 1761 1.04 (1.01-1.07, p=0.01)
6 1803 1.07 (1.02-1.11, p=0.01)

n.s.: not significant; Cl: confidence interval.

Discussion J-shaped, with a somewhat elevated risk in the most urban (cap-
ital) area, the lowest risk in the second most urban area, and a

This retrospective registry study on the adult population in Nor- definitely increased risk in the most rural areas.
way during 2002-2016 documented a significantly increased risk Previous studies from Norway found a mortality rate of 28 per

in rural areas for fatal as well as non-fatal injuries. The curves for 100,000 inhabitants/year in the population aged 16-66 years [11].
the mortality and non-fatal injury rates could best be described as Among those <64 years of age, with exclusion of low-energy in-
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Fig. 6. The rate of non-fatal injury per 100,000 inhabitants at risk/year stratified into centrality groups, with group 1 being the most urban area.

Table 3

Non-fatal injury rate in centrality group 1 to 6 per 100,000 inhabitants at risk/year, stratified by age.

Centrality Rate of non-fatal injuries (16-66 Relative risk compared to group Rate of non-fatal injuries (>66 Relative risk compared to group
Index years) 1 (95%CI) years) 1 (95%CI)

1 1092 1 5323 1

2 1065 0.98 (0.94-1.01, n.s.) 4155 0.40 (0.39-0.41, p<0.001)

3 1236 1.13 (1.10-1.17, p<0.01) 4135 0.40 (0.39-0.41, p<0.001)

4 1244 1.14 (1.10-1.18, p<0.001) 3900 0.38 (0.36-0.39, p<0.001)

5 1248 1.14 (1.10-1.19, p<0.001) 3102 0.37 (0.35-0.38, p<0.001)

6 1264 1.16 (1.10-1.23, p<0.001) 3680 0.35 (0.33-0.37, p<0.001)

n.s.: not significant; Cl: confidence interval.

juries, this rate was 33 per 100,000 inhabitants/year in Finnmark,
the most rural county, and 19 per 100,000 inhabitants/year in the
urban municipality of Bergen in a previous study [12]. A compa-
rable 2015 study from Finland found a mortality rate of 53.8 per
100,000 inhabitants/year [26]. These studies did not have exactly
the same inclusion criteria, but their results are in keeping with
the current findings. Several other studies from other countries
also are consonant with the finding of higher trauma-related mor-
tality in rural areas [3,6,9,27].

Using the new centrality index as a proxy for rurality, we also
show here that there is an urban-rural gradient for trauma-related
deaths and morbidity in Norway. This gradient has been identi-
fied before, although for earlier time periods and using different
urban/rural definitions. Bakke et al. documented this for the ru-
ral county of Finnmark compared to Hordaland county without
Bergen, and the city of Bergen itself [12]. Kristiansen et al. found
a higher mortality rate for children and adults with a residential
address in areas of low population density (inhabitants per square
kilometer) [11]. Holter and Wisborg found higher trauma-related
mortality in Finnmark for children compared to the rest of Norway
[14]. The findings of the current study are in agreement with these
earlier results for Norway.

The lowest rate of fatal and non-fatal injury regardless of age
and cause was in centrality group 2, the second most urban,
whereas the most urban group, group 1, had higher rates. Group
1 includes Oslo and five neighboring municipalities, and we specu-
late that the crime rate and proportion of people experiencing so-
cial and economic deprivation in Oslo might in part explain this
finding. Centrality index group 2 includes the three other large
cities in Norway, all of them with university hospitals with trauma
centers. Areas more rural to these two groups seem to have in
common an increased risk of fatal and non-fatal injury.

The reasons for the increased rate of fatal and non-fatal injuries
in more rural areas have long been debated. Results of a U.S. study
performed in Washington State suggested that one reason could be
a lower proportion of healthcare workers trained in advanced life
support in rural areas [28]. In Norway, education and competence
requirements are standardized and should be equal according to
the national trauma system. Long distances and longer transporta-
tion times might be part of the explanation, although findings from
other countries are somewhat contradictory [5,27-30]. With a high
share of prehospital deaths, the relative importance of the training
of hospital trauma teams and experience of ambulance personnel
may have shifted. Training the general public to act as first respon-
ders where the injury occurs may yield better outcomes. A study
from northern Norway, focused on municipalities largely in cen-
trality groups 4-6, found that in 97% of trauma incidents, lay per-
sons present on the scene administered first aid. In most cases, the
aid was administered correctly and for the appropriate indication
[31].

We found no geographical gradient for female trauma victims
when assessing fatal injury, whereas there was a 1.36 increase in
relative risk for male victims in group 6 compared with those in
group 1. There also was no difference between urban and rural
rates in the elderly population over age 66 years. This finding may
argue against trauma care as a reason for a higher rural mortal-
ity rate, assuming no difference between age and sex in time to
hospital and quality of treatment. It seems that the biggest differ-
ence arises before the incident occurs, in the epidemiology of the
trauma, rather than after, in the chain of emergency care.

The most common cause of death was “other external causes,”
associated with approximately 15,000 deaths (41% of the total).
Of these, intoxication represented one-third, and half of them
were unspecified injuries. This category has unfortunately been
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functioning as a garbage-can code by doctors filing death cer-
tificates, which are the main source for the Norwegian cause-of-
death registry [32]. A recent review of this code indicates that
in reality, most of these deaths are caused by falls and suicide
[33].

Transport-related injuries showed the greatest urban-rural gra-
dient, with most of the observed difference attributable to this cat-
egory. Many studies have shown similar results [2,3,14]. Several in-
vestigations have revealed more severe injuries after traffic inci-
dents in rural areas, with higher speed, less frequent seatbelt use,
more intoxicated drivers, and older vehicles in rural vs. urban areas
[16,28]. One study from rural Finnmark county showed a higher
traffic-related mortality rate but a paradoxically lower prevalence
of road traffic incidents, indicating a higher severity in the rural
incidents compared to urban areas [13].

Previous studies in Norway also have shown a paradoxically
decreased rate of non-fatal injuries in Finnmark, a rural county
[12,14]. In the current nationwide study, we found an increased
risk for non-fatal injury in rural areas compared to urban areas,
in contrast to this earlier report. Thus, increased rural risk seems
to apply to non-fatal injuries, as well.

Limitations

The national registries we used here have some limitations. The
databases rely on data registered by individual physicians, and the
variation in how doctors determine and register the cause of death
is well known [32]. The large amount of data and the fact that
this possible bias is expected to be similar across all centrality
groups reduces the importance of this variation. Despite this, the
registries are robust. Only 31 patients from the Norwegian Cause
of Death Registry were excluded because of non-existent residen-
tial addresses.

We also relied on Statistics Norway’s classification of centrality
when defining degree of rurality, thus using distance to working
places and service functions rather than geographical location as a
measure for rurality. Service functions include health services, but
hospital or trauma centers are not weighted higher than other ser-
vice functions in these classifications. A previous study in Norway
involved assessment of three centrality measures and found simi-
lar but not identical results [34]. The new centrality index [35] was
not included in that study. Although differences in indices may
cause some variation, we feel certain that the increased rural risk
we have documented here is real.

This study employed residential address as the determinant of
rurality. Ideally, the site of injury should have been used as a de-
scriptor of rurality in each specific trauma case. This information is,
however, unfortunately not available in present Norwegian statis-
tics. We assume that mobility of the population is bi-directional,
with some injured in more central or rural areas as compared to
their address of living, thus mitigating the effects of this obvious
weakness.

We chose 2008, the middle of the study period, as the index
year for calculating injury rates. Demographic changes during the
period could be a source of bias. Demographic centralization has
been ongoing during the last decades in Norway, as in most other
European countries. We believe that such centralization has been
more or less similar during the study period, before and after the
index year 2008.

Conclusions

In this study, we found a 1.36 times higher relative risk for trau-
matic death in the most rural areas compared to the second most
urban region, with a slightly increased risk in the capital area com-
pared with the second most urban group, as well. An increased
mortality rate was found only in males, and transport injuries had
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the steepest urban-rural gradient. Because of a high rate of pre-
hospital deaths, most of the difference seems to be attributable to
trauma epidemiology rather than to trauma care. The increased ru-
ral fatality rate was parallel to a similarly increased risk of non-
fatal injuries, both of which tracked with degree of rurality.
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