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Abstract 

Background:  Calculating the disease burden due to injury is complex, as it requires many methodological choices. 
Until now, an overview of the methodological design choices that have been made in burden of disease (BoD) stud‑
ies in injury populations is not available. The aim of this systematic literature review was to identify existing injury BoD 
studies undertaken across Europe and to comprehensively review the methodological design choices and assump‑
tion parameters that have been made to calculate years of life lost (YLL) and years lived with disability (YLD) in these 
studies.

Methods:  We searched EMBASE, MEDLINE, Cochrane Central, Google Scholar, and Web of Science, and the grey 
literature supplemented by handsearching, for BoD studies. We included injury BoD studies that quantified the BoD 
expressed in YLL, YLD, and disability-adjusted life years (DALY) in countries within the European Region between early-
1990 and mid-2021.
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Background
Across the global burden of disease (BoD) landscape, 
injuries are a major public health problem. There have 
been significant declines in case fatality rates from severe 
injury over recent decades, indicating that access to 
trauma care systems have led to improvements in sur-
vival [1, 2]. However, survivors of severe injury often 
develop long-term disabilities, resulting in significant 
losses of healthy life years, long after the acute injury. 
Most injury-related epidemiological studies have focused 
on using incidence, case fatality rates, or population mor-
tality rates to describe the public health impact of injuries 
[3–5]. Considering that non-fatal consequences of injury 
vary widely in their severity and duration, and that pre-
mature mortality is an important injury consequence, it 
is of great importance to use a summary measure of pop-
ulation health that includes both mortality and morbidity 
when assessing the impact of injury.

A widely used population health indicator combining 
the impact of mortality and morbidity is the disability-
adjusted life year (DALY) [6, 7]. The DALY – used in the 
Global Burden of Disease (GBD) study – quantifies the 
BoD by merging mortality, expressed in years of life lost 
(YLL) and morbidity, expressed in years lived with dis-
ability (YLD) into one single metric [7]. Historically, the 
BoD concept allows for both geographical and temporal 
comparisons of the impact of different diseases and inju-
ries on population health [7, 8].

Many countries and public health agencies have 
adopted the DALY metric for monitoring population 
health and identifying priorities in preventive efforts; 
however, calculating the burden due to injuries is com-
plex. It requires adequate epidemiological data from a 
range of administrative sources that include informa-
tion on the cause-of-injury, which pertains to the intent 
and mechanism of injury, and the nature-of-injury, 
which pertains to the type of injury and the severity 
of their consequences [9]. Furthermore, calculating 

the burden due to injury requires many specific meth-
odological choices, particularly for the non-fatal conse-
quences [10, 11]. First, a choice has to be made as to 
whether incidence-based or prevalence-based injury 
YLDs are to be calculated [12]. Incidence-based YLD 
calculations capture the current and future BoD of inci-
dent cases and may be more useful to inform injury 
intervention strategies compared to prevalence-based 
calculations. Second, to assess injury YLDs, a methodo-
logical approach and data are required to inform short-
term and long-term disability based on post-injury 
functional status. A third methodological choice relates 
to the set of disability weights (DWs) that is applied to 
injury-related health states. Several sets of DWs exist 
with ranging coverage of injury-related health states 
[13, 14].

Another methodological choice relates to the calcula-
tion of the YLLs. For the calculation of YLLs, informa-
tion on the remaining life expectancy at age of death is 
needed and this is derived from aspirational or standard 
(i.e., observed global life expectancy) or national (i.e., 
national life expectancy) life tables. In BoD studies, the 
choice of the life table affects the magnitude of the YLL 
and as a result affects country and time-period compara-
bility [15].

Driven by the disparity in the mortality and morbid-
ity injury patterns across Europe, where many inde-
pendent BoD studies have been published, there is a 
need to explore which injury BoD design choices have 
been applied over the years. Until now, an overview of 
the YLL and YLD design choices that have been used in 
BoD studies in injury populations is not available. There-
fore, we aimed to identify existing injury BoD activities 
undertaken in Europe and to comprehensively review the 
methodological design choices and assumption param-
eters that have been used to calculate YLL and YLD in 
these studies. The following research questions were 
addressed:

Results:  We retrieved 2,914 results of which 48 performed an injury-specific BoD assessment. Single-country inde‑
pendent and Global Burden of Disease (GBD)-linked injury BoD studies were performed in 11 European countries. 
Approximately 79% of injury BoD studies reported the BoD by external cause-of-injury. Most independent studies 
used the incidence-based approach to calculate YLDs. About half of the injury disease burden studies applied dis‑
ability weights (DWs) developed by the GBD study. Almost all independent injury studies have determined YLL using 
national life tables.

Conclusions:  Considerable methodological variation across independent injury BoD assessments was observed; 
differences were mainly apparent in the design choices and assumption parameters towards injury YLD calculations, 
implementation of DWs, and the choice of life table for YLL calculations. Development and use of guidelines for 
performing and reporting of injury BoD studies is crucial to enhance transparency and comparability of injury BoD 
estimates across Europe and beyond.

Keywords:  Burden of disease, Burden of Injury, Disability-adjusted life years, Review, Methodology
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•	 In which GBD European Region countries has injury 
BoD assessment been performed?

•	 Which YLD methodological design choices and 
assumption parameters have been made in single-
country and multi-country injury BoD assessments?

•	 Which YLL methodological design choices and 
assumption parameters have been made in single-
country and multi-country injury BoD assessments?

Methods
The design of this systematic literature review follows the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) 2020 statement [16]. The pro-
tocol can be found on PROSPERO under the registration 
number: CRD42020177477.

Inclusion and exclusion criteria and injury definitions
In this literature review, we included studies that assessed 
the health outcomes from injury in terms of YLL, YLD, 
or DALY. Our review is limited to injury-specific BoD 
studies; we have excluded studies that reported on all-
cause disease burden. All-cause BoD studies assess the 
impact of multiple causes covered by the three broad 
GBD cause hierarchy groups namely Group I “Commu-
nicable, maternal, neonatal, and nutritional diseases”, 
Group II “Non-communicable diseases”, and Group III 
“Injuries”. Injury-specific BoD studies assess the impact 
of the GBD cause-of-injury and/or nature-of-injury out-
comes and did not assess YLL, YLD, or DALY resulting 
from Group I and/or Group II. Details of the GBD 2019 
disease and injury hierarchical cause list can be found 
elsewhere [17]. We included only BoD studies conducted 
within the GBD European Region. A full list of these geo-
graphic locations can be found in the Additional file  1 
(page 2). Since the DALY concept was introduced in the 
1993 World Development Report [18], we screened only 
BoD studies published after January 1990.

We excluded disease burden studies that did not assess 
the impact of injury causes. We also excluded studies 
that quantified the magnitude of risk factor exposure, 
because methodological approaches for the risk factor 
assessment were beyond the scope of this review. Fur-
ther, we excluded studies with outcomes other than YLL, 
YLD and/or DALY (e.g. computation of potential years 
of life lost, estimation of DWs), as well as citation-only 
books, theses, conference proceedings, editorials, and 
letters-to-editor.

We considered BoD studies that defined injury as a 
physical harm resulting from acute exposure to physi-
cal agents such as mechanical energy, electricity, heat, 
chemicals and radiation in amounts beyond the thresh-
old of human tolerance [19]. We used the International 

Classification of Diseases (ICD) system to identify 
causes-of-injury, where the injury incidence and causes-
of-death are defined in ICD-9 codes E000-E999 and ICD-
10 chapters V–Y. Non-fatal consequences of injuries and 
poisonings are classified based on ICD-9 codes 800–999 
and ICD-10 chapters S and T. Thus, we included studies 
assessing the injury burden in terms of nature-of-injury 
and cause-of-injury. We did not include psychological 
(e.g. post-traumatic stress disorder) or pathological con-
sequences (e.g. osteoporotic fractures) resulting from a 
prior trauma. An overview of the GBD cause-nature cat-
egories can be found in the Additional file 1 (page 3).

Data sources and search strategy
We searched for eligible BoD records on five main plat-
forms: EMBASE, MEDLINE, Cochrane Central, Google 
Scholar, and Web of Science. An experienced librarian 
from the Erasmus MC Medical Library performed the 
search strategy on 2 April 2020, updating it on 6 May 
2021. We did not set any language restrictions. Details of 
the systematic search strategy can be found in the Addi-
tional file 1 (page 5).

We examined the grey literature on: (a) OpenGrey, 
OAIster, CABDirect, and the World Health Organiza-
tion (WHO) websites and (b) government and/or public 
health websites from the targeted European countries 
(see Additional file 1; page 8). We also asked the COST 
Action CA18218 members to identify further all-cause or 
injury-specific BoD sources. One researcher (PC) hand-
searched references of those eligible and included BoD 
records by looking into the references of published stud-
ies and reports.

Screening and data extraction
We listed all the records obtained from the search strat-
egy (phase 1) and the COST Action CA18218 partici-
pants (phase 2) on an EndNote X9 and Excel spreadsheet, 
respectively. After removing duplicates, we imported all 
the records on the EndNote X9 software. Two research-
ers (PC and VG) performed the screening. In essence, we 
selected eligible studies following three steps: title (first 
step) and abstract screening (second step), followed by 
our identifying potentially relevant studies and screening 
upon full-text (third step). Discussions with EP and the 
study supervisor (JH) resolved any doubts.

Two researchers (PC and EP) performed the extrac-
tion of data, independently of each other, using an 
Excel spreadsheet which included the following a priori 
information: first author, year of publication, country 
or region, study type, type of analysis, methodological 
choices regarding the YLL and YLD calculations, and 
injury-specific approaches for BoD calculations. The 
extracted items, followed by their definitions, can be 
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found in the Additional file 1 (page 9). We piloted the 
data extraction grid for 5% of the included BoD studies 
with no masking, during this process. Data extraction 
for the non-English papers was performed by the bur-
den-eu native speakers and discussed with PC. Finally, 
PC and EP compared, assessed, and discussed the data 
extraction forms. Discussions with the study supervisor 
(JH) resolved any disagreements.

Study classifications
In this review, we classified studies according to the: 
(a) number of countries that were covered (single-
country versus multi-country BoD study), (b) reported 
causes of ill-health (all-cause versus injury-specific 
BoD study) and (c) type of study (independent versus 
GBD-linked injury BoD study). The term ‘independent 
injury BoD study’ refers to single-country or multi-
country studies for which researchers performed own 
calculations and analyses of YLL, YLD and/or DALY 
caused by injuries. The term ‘GBD-linked injury BoD 
study’ refers to single-country or multi-country stud-
ies that present GBD estimates or secondary analy-
ses of GBD results. In this group, we also classified 
studies in which the injury YLL, YLD, and/or DALY 
estimates were derived from the WHO Global Health 
Estimates (GHE) [20], though the GHE and GBD are 
two separate repositories.

The following review focuses on the summary of 
single-country and multi-country independent and 
GBD-linked injury-specific BoD studies that have been 
performed across European countries over the 1990–
2021 period. Descriptive analysis and the reference lists 
of the identified all-cause-related European BoD stud-
ies can be found in the Additional file 1 (page 12).

Results
Literature search
We retrieved a total of 2,771 articles from the devel-
oped search strategy (EMBASE = 1,791; Web of Sci-
ence = 560; MEDLINE via Ovid engine = 261; Google 
Scholar = 128; and Cochrane library via Wiley 
engine = 31). We identified 327 additional records via 
other methods (i.e., grey literature and citation hand-
searching). After removing duplicates, we screened a 
total of 2,914 records. We performed full-text screen-
ing for 292 BoD studies, and we extracted data from 
125 BoD studies. Out of these 125 BoD studies, 48 per-
formed an injury-specific disease burden assessment. 
Figure  1 shows the flowchart of the literature search 
strategy of existing disease burden studies and main 
reasons for exclusion.

Study types per study classification and geographic 
location
As described in Table  1 and Fig.  2, 40% (19 out of 48) 
consisted of GBD-linked studies, whereas 60% (29 out of 
48) consisted of independent studies. Of the GBD-linked 
studies, 89% (17 out of 19) were multi-country studies 
and 11% (2 out of 19) were single-country studies. Of the 
independent studies, 28% (8 out of 29) were multi-coun-
try studies and 72% (21 out of 29) were single-country 
studies. Single-country injury disease burden assess-
ments (n = 23) were performed in 11 European coun-
tries. The largest number of single-country independent 
studies was observed in the Netherlands (n = 11), fol-
lowed by Scotland (n = 2), Belgium (n = 2), Germany 
(n = 1), Sweden (n = 1), Italy (n = 1), Norway (n = 1), 
France (n = 1), and Russia (n = 1). Two single-country 
studies undertaken in Poland (n = 1) and England (n = 1) 
assessed the burden of injuries using GBD results.

Cause‑of‑injury versus nature‑of‑injury burden of disease 
studies
Figure  3 illustrates the number of GBD-linked and 
independent injury BoD studies (n = 48) by cause-
nature of injury. In total, 38 out of 48 studies reported 
the BoD by cause-of-injury category, and the remain-
ing 10 studies reported the BoD by nature-of-injury 
category. The majority of the cause-of-injury BoD stud-
ies were GBD-linked studies (24 out of 38). Nine out 
of these 24 studies evaluated the impact of road inju-
ries. In contrast, among the independent studies that 
reported cause-of-injury (14 out of 38), the number of 
multi-cause (7 out of 14) and suicide and/or self-harm 
(3 out of 14) studies stand out. Moreover, the number 
of independent studies that reported nature-of-injury 
(7 out of 10) was higher compared to the number of 
GBD-linked studies (3 out of 10). The largest number of 
independent nature-of-injury BoD studies assessed the 
impact of hip fractures (2 out of 7), and traumatic brain 
injury and/or spinal cord injury (2 out of 7).

Classification of injury diagnosis
Single-country and multi-country GBD-linked studies 
(17 out of 19) re-ordered injury causes-of-death using the 
ICD-9 or ICD-10 coding system. Two of these studies (2 
out of 19) did not report the injury classification scheme. 
Similarly, most single-country and multi-country inde-
pendent BoD studies (82%) gathered injury diagnosis 
from the ICD code-system. Some of these studies (38%) 
translated injury diagnosis according to the EUROCOST 
classification system [21]. Three single-country and 
multi-country independent injury studies (11%) did not 
report the diagnosis classification system.
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YLD methodological choices in injury burden of disease 
studies
Prevalence‑based versus Incidence‑based calculations
Table  2 summarizes the methodological design choices 
and assumption parameters that have been used in injury 
BoD studies. Most single-country independent studies 
have followed the incidence-based approach to calcu-
late YLDs due to injury [22–38]. Two independent injury 
BoD reports conducted in Scotland have performed own 
prevalence-based YLD calculations [39, 40]. Conversely, 
two single-country studies have evaluated the impact of 

injury using GBD results; a United Kingdom comparative 
report presented prevalence-based YLD calculations [41], 
and a Polish study quantified injury DALYs using a com-
bination of Polish data on traffic fatalities and GBD 2010 
data to assess the burden due to traffic injuries in Warsaw 
[42]. Seven multi-country independent studies quantified 
the burden of injury using the incidence-based approach 
[43–49]. Also, 11 multi-country GBD-linked studies esti-
mated injury YLDs using the prevalence-based approach 
[1, 50–59]; of which 10 used GBD data as primary source 
of data and one of these studies used the 2015 WHO GHE 
as a primary source of data. Moreover, four out of the 11 
multi-country GBD-linked studies followed an incidence-
based approach to assess injury YLD. [60–63]. These four 
injury BoD studies were conducted before 2010.

Use of disability weights
Several sets of DWs were used to assess injury BoD 
estimates in independent studies. More than half (56%) 
of these studies, applied empirical DWs [25, 27, 29–34, 
36–38, 43, 45, 48, 49]. All independent studies that used 
empirical DWs have performed incidence-based YLD 

Fig. 1  Flowchart of the literature search strategy of existing European burden of disease studies

* This systematic literature review is limited to injury-specific BoD assessments undertaken across Europe; January 1990 - May 2021

Table 1  Number of GBD-linked and independent single-country 
and multi-country studies

Injury-specific BoD studies (n = 48)

GBD-linked BoD 
assessments

Independent 
BoD 
assessments

Single-country n = 2 (11%) n = 21 (72%)

Multi-country n = 17 (89%) n = 8 (28%)
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calculations. Seven single-country independent injury 
BoD studies used GBD DWs [26, 28, 35, 39, 40, 44, 47], 
three used a combination of DWs [22, 23, 46], and one 
study applied Australian DWs [24].

YLL methodological choices in injury burden of disease 
studies
Choice of life table
Most single-country independent studies have used 
national life tables [23, 24, 27, 33, 38–40] or national life 
expectancies [22, 28, 36, 66] to calculate YLLs. The remain-
ing single-country independent BoD studies used aspira-
tional model life tables that have a standard life expectancy 

at birth, such as those used in the GBD study [26, 30, 31, 33, 
35, 64]. Multi-country independent studies frequently used 
aspirational global [43, 45–47] or European [67] life tables. 
The remaining single-country and multi-country GBD-
linked BoD studies used the standard model life tables from 
GBD/WHO [1, 41, 50, 51, 53–63, 65, 68].

Discussion
This systematic literature review has provided insights 
into the methodological design choices and assumption 
parameters that have been used to quantify the burden 
of injury in terms of YLL, YLD, or DALY. A total of 48 
BoD studies met our inclusion criteria; more than half 

Fig. 2  Number of GBD-linked and independent injury burden of disease studies per multi-country and single-country category

Fig. 3  Number of GBD-linked and independent injury burden of disease studies (n = 48) by cause-nature of injury
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being single-country or multi-country independent stud-
ies, while the remaining were GBD-linked studies. Con-
siderable methodological variation across injury BoD 
studies was observed; differences were mainly apparent 
in the design choices or assumption parameters towards 
injury YLD calculations, implementation of DWs, and 
the choice of life table for YLL calculations.

First, considerable heterogeneity exists in the aggrega-
tion level of cause-of-injury and nature-of-injury catego-
ries (see Fig.  3) that were used in the calculations and 
reporting of burden of injury studies. Among the unin-
tentional injury-specific assessments, we observed a high 
number of falls-related BoD studies and no injury disease 
burden assessments at all related to exposure to mechan-
ical forces, poisonings, or foreign body and animal con-
tact. Moreover, there was diversity in the cause-of-injury 
and nature-of-injury categories reported. Most studies 
calculated DALYs for multiple causes-of-injury, yet there 
were also several studies that were limited to one specific 
nature-of-injury category, such as traumatic brain injury, 
or cause-of-injury category, such as road injury.

The high percentage of studies quantifying the burden 
of road injury has enhanced the visibility of road injury in 
Europe and shown that (injury) BoD assessments can, in 
turn, inform health policy and measures. Burden of road 
injury studies can be used to monitor the possible effect 
of improvements in car safety technologies, road infra-
structure, better compliance with speed limits or seat-
belt or helmet use, as observed across most European 
countries [69, 70]. For instance, there significant decline 
in road injury mortality and DALY rates across the Euro-
pean sub-regions over the 2000–2019 period [71].

Another striking finding of our systematic review was 
that studies that reported on nature-of-injury DALYs 
were more often independent studies than GBD-linked 
ones. A possible explanation for this finding may be that 
nature-of-injury DALYs were available from the GBD 
2013 study onwards [72]. Before that, only cause-of-
injury DALYs were available from the GBD results tool. 
The burden of injury studies that were limited to one 
specific cause-of-injury were focused on those causes-
of-injury that are listed in the top 10 ranking of injury 
DALYs in Europe [55].

Second, our review reveals that most independent 
injury BoD studies (78%) were performed in Western 
European countries, while the number of injury dis-
ease burden studies across Central and Eastern Euro-
pean countries was limited. A possible explanation 
for this difference may be the lack of appropriate data 
sources, harmonization of data collection processes, a 
decentralized system of records access and poor-qual-
ity checks in the Central and Eastern European region 
compared to the Western European region. A second 

explanation may be that the use of these health met-
rics as indicators of health status may not be valued as 
important in these countries and their health report-
ing systems. This issue, in combination with the lack of 
resources, capacity or expertise in the use of these BoD 
metrics, contribute further to the chasm between data 
availability, data quality checking and subsequent data 
use for such large-scale national disease data estima-
tion studies. Also, a variety of injury preventive inter-
ventions and/or policies has been developed in many 
Western European countries [73, 74]. Hence, many of 
the injury premature deaths and disabilities occur in 
Central and Eastern Europe [17], where fewer countries 
had developed national policies for injury prevention 
[74–76]. Future injury BoD assessments may be impor-
tant in facilitating decision-making processes for injury 
policy formulation in these European regions.

Third, while most of injury BoD studies used the ICD 
coding system to classify injuries, we found that some 
independent BoD studies classified injury consequences 
based on the 39 injury-diagnoses of the EUROCOST 
system [21]. This classification system was developed for 
assessments of the cost of illness of injury [21, 77, 78] and 
may be less appropriate for injury DALY calculations due 
to nature-of-injury groupings encompassing injuries that 
vary widely in severity and duration. Significantly, some 
single-country independent studies did not report the 
injury diagnosis coding system or the methods that were 
used to deal with inaccurately coded injury deaths. This 
highlights the need for development and use of guide-
lines for performing and reporting of injury BoD studies.

Fourth, we found that most independent BoD studies 
used the incidence-based approach to estimate injury 
YLDs. This is at odds with the GBD approach (i.e., prev-
alence-based), which applies a meta-regression tool 
(DisMod-MR) to stream out (long-term) prevalence for 
each combination of cause-of-injury and nature-of-injury 
from incidence, by assuming a steady state where rates 
are consistently stable over time [11, 17]. The choice of 
incidence versus prevalence approach should be dictated 
by the pre-defined goals and application of the study. For 
instance, when assessing the burden of injury in terms of 
DALY and its components and planning, implementing 
or evaluating preventive strategies, an incidence-based 
approach should be used, whereas for health services 
planning purposes, a prevalence-based approach might 
be more appropriate.

Fifth, most single-country independent injury BoD 
studies used national life tables to calculate YLLs. 
The choice between national and global aspirational 
life-table is dependent on the study scope [15]. Aspi-
rational life-tables ensure internationally comparable 
results since they are based on the same population 
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structure, while national life-tables preclude the pos-
sibility of cross-country comparisons.

Furthermore, we observed that some injury BoD 
studies did not report the life-table that had been used 
to calculate YLLs. This suggests a need for improve-
ments in the reporting of future injury disease burden 
studies, as the choice of national or aspirational life-
table is crucial when performing a BoD assessment; 
evidence has illustrated the impact of how ranking of 
causes is affected [79]. The use of standardized report-
ing guidelines in DALY calculation studies would 
enhance comparability of results, communication 
among BoD researchers and/or policy makers, as well 
as facilitate quality assessments of the disease burden 
studies.

Lastly, a crucial methodological step in causes-of-
death analysis is the estimation of total all-cause mor-
tality (also referred to as mortality envelope) by each 
age and sex strata, for correcting death under-counting 
or over-counting using either redistribution methods 
and/or regression techniques etc. Although insight 
into this methodological step was beyond the scope of 
our systematic literature review, future studies should 
investigate whether mortality envelopes are used in 
disease burden studies, and if they are used, which 
methods are applied to construct them.

Strengths and limitations of the study
This systematic literature review may be limited by 
the nature of the grey literature searched and the 
national public health websites targeted. Although we 
have used a variety of literature databases and search 
engines, some BoD studies may have been missed. 
However, it is possible that other BoD studies estimat-
ing the burden of injuries have been conducted but not 
published or documented. Despite these limitations, 
our systematic literature review provides the first of 
its kind in bringing together existing injury-specific 
BoD studies undertaken in Europe. We comprehen-
sively reviewed the methodological design choices and 
assumption parameters that have been made to calcu-
late YLL, YLD, and DALY in these European studies 
since the 1990s. Finally, we sought to provide recom-
mendations with regard to the application and report-
ing of (injury) YLL and YLD design choices.

Conclusions
In this systematic literature review we examined inde-
pendent and GBD-linked studies that assessed the 
burden caused by injury, in European Region coun-
tries. Considerable methodological variation across 
injury BoD assessments was observed; differences were 

mainly apparent in the design choices or assumption 
parameters towards injury YLD calculations, imple-
mentation of DWs, and the choice of life table for YLL 
calculations. Development and use of guidelines for 
performing and reporting of BoD studies is crucial to 
enhance transparency and comparability of injury BoD 
estimates across Europe and beyond.
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