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Abstract

Introduction Information on years of life lost (YLL) due to premature mortality is instrumental to assess the fatal
impact of disease and necessary for the calculation of Belgian disability-adjusted life years (DALYs). This study presents
a novel method to reallocate causes of death data.

Materials and methods Causes of death data are provided by Statistics Belgium (Statbel). First, the specific ICD-10
codes that define the underlying cause of death are mapped to the GBD cause list. Second, ill-defined deaths (IDDs)
are redistributed to specific ICD-10 codes. A four-step probabilistic redistribution was developed to fit the Belgian
context: redistribution using predefined ICD codes, redistribution using multiple causes of death data, internal
redistribution, and redistribution to all causes. Finally, we used the GBD 2019 reference life table to calculate Standard
Expected Years of Life Lost (SEYLL).

Results In Belgium, between 2004 and 2019, IDDs increased from 31 to 34% of all deaths. The majority was
redistributed using predefined ICD codes (14-15%), followed by the redistribution using multiple causes of death
data (10-12%). The total number of SEYLL decreased from 1.83 to 1.73 million per year. In 2019, the top cause of SEYLL
was lung cancer with a share of 8.5%, followed by ischemic heart disease (8.1%) and Alzheimer's disease and other
dementias (5.7%). All results are available in an online tool https://burden.sciensano.be/shiny/mortality2019/.

Conclusion The redistribution process assigned a specific cause of death to all deaths in Belgium, making it possible
to investigate the full mortality burden for the first time. A large number of estimates were produced to estimate
SEYLL by age, sex, and region for a large number of causes of death and every year between 2004 and 2019. These
estimates are important stepping stones for future investigations on Disability-Adjusted Life Years (DALYs) in Belgium.
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Text box 1. Contributions to the literature

- lll-defined deaths (34% of all deaths in Belgium) pose chal-
lenges in estimating the burden of disease, particularly in an
aging population.

« A four-step method was developed to redistribute ill-
defined deaths, providing more accurate estimates of causes
such as ischemic heart disease, cerebrovascular disease, and
lung cancer.

- Mortality rates decreased over time, except for Alzheimer’s
disease and other dementias, emphasizing the need for
targeted public health strategies. Variations in mortality pat-
terns were observed by sex and region.

Introduction

Burden of Disease (BoD) studies are increasingly used to
assess the population health impact of different health
conditions. One of the key metrics for quantifying BoD
is the Disability-Adjusted Life Years (DALYs), which rep-
resents the “health gap” between the observed population
health state and a hypothetical one in which everybody
reaches old age free of disease or injury [1]. Specifically,
DALYs summarize the years of life lost due to premature
mortality (YLL) and the years of life spent with disability
(YLD).

The presence of ill-defined deaths (IDD) in death regis-
tration systems is a major issue for the calculation of YLL,
and thus DALYs. Generally, official mortality statistics are
based on the underlying cause of death, which is the dis-
ease or injury that started the chain of events leading to
death [2]. However, not all coded underlying causes of
death are suitable to estimate the BoD [3]. Some codes
are too unspecific (e.g., ICD-10 Y34 “Unspecified event,
undetermined intent”), while other codes represent inac-
curate causal sequences (e.g., ICD-10 146 “Cardiac arrest”
as the underlying cause of death).

Ill-defined causes of death need to be dealt with
to depict an accurate assessment of national disease
burdens. There are large variations in the quality of
cause-specific mortality data between countries. An
international comparison found that 7% (Finland) to 66%
(Egypt) of the national cause-specific mortality data was
not accurate enough to estimate BoD [4]. One of the key
challenges is to make optimal use of the available data.
To estimate the BoD accurately, the IDD (also called ‘gar-
bage codes’) need to be redistributed to valid categories
of causes of death (i.e., target codes) [5].

The current literature presents a number of meth-
ods to redistribute garbage codes. One methodologi-
cal approach uses multiple causes of death data [6-9].
In addition to the underlying cause of death, death cer-
tificates often contain the sequence of events or diseases
that resulted in death, as well as other causes contribut-
ing to death. This additional information on diseases
that accompany or (in)directly cause the death can be
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used to verify the registered underlying cause of death
or complement the information in the coded underly-
ing cause of death. One of the most well-known meth-
ods was developed by Naghavi and colleagues within the
framework of the Global Burden of Disease (GBD) study
integrating fractional reassignment of death due to mul-
tiple causes, proportional reassignment, regression mod-
els, and redistribution based on fixed proportions [10].
The algorithm was last revised in GBD 2013 with some
minor updates in GBD 2019 and GBD 2020, and can be
used to derive country-specific estimates [5, 11]. How-
ever, the methodology used is complex and builds on
several assumptions which do not necessarily reflect the
national context [12]. General redistribution techniques
may generate biased estimates due to differential pat-
terns in IDDs observed between and within countries [4,
13]. It appears that GBD estimates are useful to compare
population health between countries but are perhaps less
appropriate for comparisons within countries. However,
many national decision-making processes rely on those
internal comparisons over time and between groups. To
this end, there is a growing body of literature on national
BoD assessments.[e.g., 9, 14—16] In Belgium, the national
institute for health, Sciensano, initiated the Belgian
national burden of disease study (BeBOD) in 2016, to
generate DALY estimates rooted in local data and evi-
dence. This article presents the four-step method used
in BeBOD to redistribute IDDs making use of multiple
causes of death data, and provides a quantification of the
fatal BoD in Belgium for the period 2004-2019.

Materials and methods

Causes of death data

Death certificates in Belgium are based on the World
Health Organization (WHO) International Form of
Medical Certificate of Cause of Death. The certifying
physician describes the chain of events or diseases that
finally caused death and the associated health problems
or events that played a role in the process. The com-
pleted death certificates are collected by the munici-
pal offices, and sent to the regional health authorities,
i.e., the Flemish Agency for Care and Health (for deaths
occurring in the Flemish Region), the Brussels-Capital
Health and Social Observatory (for deaths occurring in
the Brussels Capital Region), and the Walloon Agency
for a Quality Life (for deaths occurring in the Walloon
Region). The Flemish Agency for Care and Health and
Walloon Agency for a Quality Life encode the informa-
tion listed on the death certificates into ICD-10 codes,
defining the underlying cause of death according to the
ICD-10 rules of the WHO. The resulting datasets are
compiled and coupled to the National Register by Statis-
tics Belgium (Statbel), the national institute of statistics,
which is responsible for managing the national causes of
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death database. Statbel checks the data quality of socio-
demographic variables and the underlying cause of death
according to Eurostat guidelines. Sciensano receives the
national dataset for further analysis.

The process of compiling the national causes of death
data currently takes around 2 years. Delays occur in the
various stages of the complex data transfer starting with
the administration related to the funeral, the death certif-
icate transferring to the municipalities, and then later to
the regions. Non-natural deaths are further investigated
by the prosecutor offices, which may add to the delay.
Moreover, rigorous verifications are performed by the
regional offices who may contact the certifying doctors in
order to identify the most correct and specific underlying
cause of death. We use nationally representative causes of
death data from 2000 to 2019 for this analysis. Complete-
ness of demographic data in the national causes of death
database is very high with information on age, sex, and
place of residence. Across the study period, only 8 deaths
were identified with missing information on age, and 5
deaths with missing information on sex. These cases were
excluded from further analyses.

Cause mapping

As a first step in the analysis process, we mapped the
ICD-10 codes of the underlying cause of death (UC) to
the GBD cause list [5]. Since a detailed map from the
GBD is not available, we adopted the map used by the
Scottish Public Health Observatory [17], with some
modifications (Supplementary File 1). Additionally, for
drug-related deaths, we followed the definitions from
the European Monitoring Centre for Drugs and Drug
Addiction for combinations of ICD-10x41, X44, X61,
X64 or Y11 with T43.6, and X42, X62, or Y12 with T40
(mapped to ICD-10 F19) [18]. In line with GBD, still-
births are excluded from the analyses. The final cause
map included 130 causes of death (level 3), grouped into
20 disease groups (level 2), each classified into one of
the three GBD clusters (level 1), i.e., non-communicable
diseases (NCD), communicable, maternal, neonatal and
nutritional diseases, and injuries. Various level 3 causes
are further subdivided into two or more level 4 causes.
We performed our mapping process at level 4, but pres-
ent results at level 3. In the mapping process, several IDD
ICD-10 codes could not be matched with a specific level
4 GBD cause. The next section describes our approach to
redistributing these so called “ill-defined deaths” (IDDs)
to specific GBD causes.

Redistribution of ill-defined deaths

To redistribute the IDDs to specific GBD causes, we
developed a probabilistic approach making use of the
multiple causes of death data available in Belgium. Our
approach consists of four different steps, with at each
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step an update of the distribution of the target codes.
These updated target distributions were used at each step
and for each group within a given step. This is to respect
the sequence of redistributions and the build-up of evi-
dence along the redistribution process.

In the first step, selected UCs of IDDs are proportion-
ally redistributed in function of predefined ICD-10 tar-
get codes (“ICD-based redistribution’, Supplementary
File 1). The predefined ICD-10 target codes have been
adapted by Sciensano based on the methodology applied
in Scotland [17]. For example, malignant neoplasm of
the uterus, part unspecified (ICD-10 C55) is redistrib-
uted to two groups of target codes — malignant neoplasm
of cervix uteri (ICD-10 C53) and of corpus uteri (ICD-
10 C54) — pro rata to the occurrence of both diseases as
underlying causes of death. To incorporate recent trends
and reduce random variation, the target distributions
are defined based on the deaths that occurred in the past
five years (i.e., the targets for IDDs in year y are based
on specific deaths occurring in year ¥ — 4 to y). This
also implies that the first estimates are available for the
year 2004, i.e., the first year for which a five-year period
of causes of death data are available. To add to precision,
the target distributions are stratified by age group (04,
5-14, 15-44, 45-64, 65-84, 85+) and sex. If there are
very small numbers of deaths in a given combination, a
target distribution based on sex only was used. If there
are no observed deaths in the target group, then the IDDs
are proportionally redistributed to all causes. We also
exclude sex-specific diseases or health related problems
from the target distributions of the opposite sex, e.g., we
ensure that deaths in females could not be redistributed
to prostate cancer.

The first step in the redistribution process is only appli-
cable to IDDs with codes providing clear information on
the possible underlying cause of death, and thus allow
defining target codes a priori. In the second step, we rely
on the Belgian multiple causes of death data to define tar-
gets and redistribute selected remaining IDDs that are
coded an intrinsically uninformative UC code (“package
redistribution”). For example, the assigned underlying
cause of death is “Unspecified kidney failure” (ICD-10
N19). This code cannot be assigned to a specific GBD
cause (it is an IDD) and there are no predefined target
codes available (step 1). For these cases, we defined pack-
ages, i.e., sets of IDDs that are similar and considered to
have a similar redistribution target (Supplementary File
1). In this example, the package created is called “Acute
kidney failure” and is made of the following ill-defined
ICD-10 codes: N19, N17.0, and N17.9. For each package,
the target distribution is defined as the deaths, occurring
in the past five years, that have one of the package ICD-
10 codes as immediate, intermediate, or associated cause
of death, and that have a specific or redistributed cause
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as underlying cause of death. As before, the redistribu-
tion is performed proportionally to the observed target
codes, stratified by age group and sex. Because the target
is defined in function of the multiple causes of death data
of the preceding 5-year period, the targets are not fixed
and may differ for the different years of the time series.

The remaining IDDs are those that are assigned an
uninformative UC code. These include some codes of
ICD-chapter R, “Symptoms, signs and abnormal clini-
cal and laboratory findings, not elsewhere classified”
To maximize the use of the available multiple causes of
death data, we apply a third step where we perform an
internal redistribution of IDDs (“internal redistribution”).
In this approach, remaining IDDs are randomly assigned
to a specific GBD cause that is mentioned on the death
certificate of the deceased individual.

In the fourth and final step, all remaining IDDs are
proportionally redistributed over all specific causes
having occurred in the preceding five years, stratified
by age group and sex as described above (“all-cause
redistribution”).

GBD causes (level 3) with less than five occurrences in
the five-year reference period (i.e., less than one per year
on average), are excluded as possible targets. These rare
causes (e.g., rabies (A82)) are typically very specific dis-
eases, with a specific diagnosis, and would therefore be
rarely missed as underlying cause of death.

To capture the uncertainty that results from the proba-
bilistic redistributions, the redistribution process was
performed in a probabilistic way, using 100 iterations.
Each iteration is a complete run of the four-step pro-
cess and results in a completely imputed cause of death
dataset. For each of the summary statistics (as described
below), 100 random estimates are thus generated. We
present means and 95% uncertainty intervals of these
100 random estimates, the latter defined as the 2.5th and
97.5th percentile of the random estimates.

Quantification of the fatal burden of disease in Belgium

In addition to calculating the number of deaths, the fatal
BoD in Belgium was also assessed using the Standard
Expected Years of Life Lost (SEYLL), which is a well-
established measure for the burden of premature mor-
tality [19]. SEYLL can be defined as the total number of
years that persons in a population would have lived if
they had not died prematurely due to a disease or injury,
against an aspirational life expectance based on the low-
est age-specific mortality rates observed across time and
geographical locations. Deaths at each specific age can
be weighted by the expected number of years lost at each
age. Previous assessments of Belgian premature mortality
used fixed cut-off ages meaning that deaths at ages above
the cut-off year did not contribute to the quantification
of the burden of premature mortality (thus calculating
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Potential Years of Life Lost) [e.g., 20, 21]. We used the
GBD 2019 reference life table for calculating the years of
life lost for each age group following the recommenda-
tions made in previous studies [22—24]. We used linear
interpolation to define SEYLL for specific ages. The GBD
reference life table ends at age 95. We completed the life
table by assuming a SEYLL of O for death at the age of
122, the highest observed lifespan worldwide to date [25].

The resulting number of deaths and SEYLL are pre-
sented as absolute numbers, crude rates (per 100,000
inhabitants), and age-standardized rates based on five-
year age groups using both the 2013 European standard
population [26] and the Belgian standard population,
defined as the official population residing in Belgium on
1 January 2019 [27]. In this article, the focus will be on
presenting the age-standardized rates by sex and region
based on the European standard population. To gain fur-
ther insights into the redistribution procedure, results
further include the proportion of IDD out of all deaths
by cause.

Availability of code and estimates

All analyses were performed in R 4.1.0 [21]. The R
scripts and inputs for the mapping and redistributions
are available via GitHub (https://github.com/scien-
sanogit/BeBOD and https://github.com/sciensanogit/
SEYLL2019). All estimates presented in this manuscript
can be explored via https://burden.sciensano.be/shiny/
mortality2019. Subsequent updates to the estimates
will be available via https://burden.sciensano.be/shiny/
mortality.

Results
Redistribution of ill-defined deaths
The percentage of IDDs increased from 31 to 34%
between 2004 and 2019. Individuals with an ill-defined
underlying cause of death were on average older than
individuals with a specific underlying cause of death
(Mean age: 80 vs. 75 years). IDDs were more common in
female (36%) than in male (28%). The percentage of IDDs
was slightly higher in the Brussels Capital Region (33%)
than in the Flemish (32%) and Walloon Region (31%).

Among the 31-34% of IDDs, the majority of IDDs were
redistributed using predefined ICD codes in step 1 (14—
15% of total deaths), followed by the package redistribu-
tion in step 2 (10-12%). Only a minority of IDDs were
redistributed using the internal redistribution approach
in step 3 (<1%). The remaining IDDs were redistributed
to all causes in step 4 (5-8%). Figure 1 provides a visu-
alisation of the redistribution procedure for the data in
2019.

The most common ill-defined UCs were 150.9 (Heart
failure, unspecified), followed by J18.9 (Pneumonia,
unspecified), and R99 (Ill-defined and unknown cause
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Fig. 1 Visualisation of the redistribution method with the percentage of redistributed deaths per step in 2019
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of mortality). These ill-defined UCs are among the main
causes of death in Belgium. Heart failure was the fifth
leading cause of death in 2019 despite some discussion
on whether this code can be used for UC [2].

At the end of the redistribution process, the causes
with the largest number of redistributed IDDs were lower
respiratory infections, cerebrovascular diseases, and
ischemic heart disease (Fig. 2). Lower respiratory infec-
tions had the largest share of redistributed deaths using
pre-defined target codes (step 1), mainly due to J18.9
(Pneumonia, unspecified organism) followed by cerebro-
vascular disease, mainly due to 164 (Stroke, not specified
as haemorrhage or infarction). Ischemic heart disease
had the largest share of package redistribution (step 2).
Alzheimer’s disease and other dementias, and adverse
effects of medical treatment had the largest share of
internal redistribution (step 3).

Belgian fatal burden of disease, 2004-2019

The redistribution method was used to quantify the
national fatal burden of disease in Belgium for the period
2004-2019. In the first section, mortality patterns are
gauged to examine which were the most relevant diseases
or injuries in Belgium and how the impact of these causes
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of death changed over time. The second section focuses
on premature mortality, as measured by the SEYLL.

Deaths

The total number of deaths among Belgian residents
increased from 101,250 to 2004 (972 per 100,000) to
108,742 in 2019 (949 per 100,000). Whereas male and
female deaths were equally distributed in 2004, the mor-
tality data for 2019 showed a slight relative increase with
51% female deaths versus 49% male deaths. Most deaths
occurred at advanced ages, with 77% of female deaths
and 61% of male deaths occurring at the age of 75 or
above in 2019 (Fig. 3).

When considering the major disease and injury groups
(Fig. 4), non-communicable diseases were the dominant
cause of mortality, although their share decreased from
86% to 2004 to 83% in 2019. The share of communicable
diseases increased from 7 to 9%, and that of injuries from
7 to 8%. A closer inspection of the subcategories (level
2) showed that in 2004, cardiovascular diseases were the
dominant cause of death group (32%), followed by neo-
plasms (29%); in 2019, neoplasms had become the domi-
nant group (30%), with cardiovascular diseases reduced
to the second place (24%). Neurological diseases ranked
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Fig. 4 Treemaps visualizing the number of deaths by GBD cause for the total Belgian population in (A) 2004 and (B) 2019

third throughout the study period, increasing from
a share of 6.7% in 2004 to 12% in 2019. At the specific
disease and injury level (level 3), ischemic heart disease
was the dominant cause of death across the study period,
but with a share that decreased from 15 to 9%. In 2004,
cerebrovascular diseases (9%) and lung cancer (7%) com-
pleted the leading three causes, while in 2019 this was
Alzheimer’s disease and other dementias (9%), and cere-
brovascular diseases (7%).

Taking differences in population size and age struc-
ture into account, the age-standardized mortality rates
(ASMRs) showed a decrease from 1,167 to 100,000
inhabitants in 2004 to 903 per 100,000 in 2019. Both male
and female ASMRs decreased over time, albeit at a slower
pace among females. Male ASMRs declined by 27% from
1,485 to 1,088 per 100,000 whereas female ASMRs were
reduced by 20% from 951 to 759 per 100,000. However,
male mortality remains 43% higher than female mortality
in 2019.

Although age-standardized mortality rates decreased
in all regions, rates were consistently higher in the Wal-
loon Region, followed by the Brussels Capital Region, and
lowest in the Flemish Region. The mortality gap between
the Walloon Region and the Flemish Region increased
from 10% to 2004 to 20% in 2019.

Table 1 presents the ASMRs for the ten leading GBD
causes of death (level 3) in 2019. The highest cause-spe-
cific ASMRs were estimated for ischemic heart disease
(80 per 100,000 inhabitants), Alzheimer’s disease and
other dementias (77 per 100,000), lung cancer (65 per
100,000), cerebrovascular diseases (63 per 100,000), and
lower respiratory infections (55 per 100,000). Within the
leading five causes, only Alzheimer’s disease and other
dementias showed increasing ASMRs between 2004
and 2019 (+21%). Specifically for female, a significant
increase in lung cancer AMSRs was observed (+38%).

The above-mentioned diseases also made up the lead-
ing five causes of death for the Flemish, Brussels, and
Walloon regions with some differences in the order of the
ranking by region.

When considering differences in the importance of
causes of death by age group, results showed that lung
cancer was the leading cause of death for the age groups
between 55 and 75. For 80-year-olds and older, Alzheim-
er’s disease and other dementias, and ischemic heart dis-
eases were the main cause of death for elderly female and
male, respectively.

Standard expected years of life lost
The total number of SEYLL decreased over the study
period from 1.83 to 1.73 million per year. Non com-
municable diseases were the dominant cause of SEYLL
(81-82%), followed by injuries (11-12%) and communi-
cable diseases (6—8%). Neoplasms were almost constantly
the leading cause of SEYLL group with a share ranging
between 33 and 36%. Cardiovascular diseases were the
second leading group, with a share that decreased from
26 to 20%. The leading three causes was completed by
neurological diseases, that has become more burden-
some over time with a mortality share of 5% in 2004 and
9% in 2019. At the specific disease and injury level (level
3), ischemic heart disease ranked first in 2004 with a
share of 13%, followed by lung cancer (9%) and cerebro-
vascular disease (7%). In 2019, lung cancer ranked first
(9%); followed closely by ischemic heart disease (8%), and
Alzheimer’s disease and other dementias (6%).
Age-standardized SEYLL rates (ASYRs) decreased
from 19,555 to 100,000 inhabitants to 14,870 per 100,000
between 2004 and 2019. The patterns in ASYRs by sex
and region are similar to those observed for mortal-
ity. A sharp decline in ASYRs was found among males
(-28%) and females (-20%) over time. Despite a clear
convergence of male and female trends, the 2019 ASYRs
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Table 1 Leading 10 GBD causes of death (level 3) by sex in function of age-standardized mortality rates (ASMR) in 2019 and change with the ASMR in 2004 in percent. Reference:

2013 European Standard Population

Female

Male

Both sexes
Cause

%

ASMR
2019

Cause

% change

ASMR
2019

Cause

%

ASMR

Rank

change
with
2004

with 2004

change
with
2004

2019

22%

79.6

Alzheimer’s disease and other

dementias

-55%

-56% Ischemic heart disease 112.8

80.3

Ischemic heart disease

-47%
-59%

59.2

Cerebrovascular disease

-34%
23%

97.5

Trachea, bronchus, and lung cancers
Alzheimer’s disease and other

dementias

21%
-17%

77.0

Alzheimer’s disease and other dementias

Trachea, bronchus, and lung cancers

2

56.0

Ischemic heart disease

70.7
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for males were still 57% higher compared to those for
females. Regional ASYRs dropped over time with consis-
tently higher estimates in the Walloon Region, followed
by the Brussels Capital Region, and the Flemish Region.
Compared with the Flemish Region, the ASYRs for the
Walloon Region were 16% and 25% higher in 2004 and
2019, respectively.

Figure 5 shows the ASYRs for the six leading causes of
SEYLL for the total Belgian population between 2004 and
2019. Ischemic heart disease was no longer the dominant
cause of premature death due to a major decline of 55%
from 2,664 to 1,196 SEYLL per 100,000 inhabitants. Lung
cancer was the main cause of premature death in 2019,
even though ASYRs declined by 22% from 1,664 to 1,306
per 100,000. The ASYRs for cerebrovascular diseases also
fell significantly from 1,522 to 826 per 100,000 (-46%).
Alzheimer’s disease and other dementias was the 8th
leading cause of premature death in 2004 and is almost
on par with cerebrovascular diseases due to an increase
from 671 to 809 per 100,000 (+21%). ASYRs for chronic
obstructive pulmonary disease declined by 24% from 963
to 733 per 100 000. ASYRs for self-harm showed a mod-
est decline of 11% with 829 to 741 per 100,000.

When examining the leading causes of death by
ASYRS by sex (not shown), the results showed some
differences in the ranking from the mid-2010s onward.
Between 2004 and 2013, ischemic heart disease was the
main cause of premature deaths among both males and
females, although a strong decline in male and female
ASYRs were already apparent. Since 2013, lung can-
cer was consistently the main cause of premature death
among males. For females, results from the mid-2010s
showed ischemic heart disease and breast cancer were
the leading causes of premature mortality. In 2019, lung
cancer was the leading cause of premature death among
females for the first time. Female ASYRs for lung cancer
increased by 28% from 665 to 2004 to 855 per 100,000
in 2019. A marked rise was also observed for Alzheim-
er’s disease and other dementias among females: ASYRs
increased from 671 to 810 per 100,000 (+21%), making it
the second leading cause of premature mortality among
females in 2019. The top 5 premature mortality causes for
females further included breast cancer, cerebrovascular
disease, and ischemic heart disease. For males, ischemic
heart diseases, self-harm, chronic obstructive pulmonary
disease, and cerebrovascular disease completed the top 5
in 2019.

Figure 6 presents the ASYRs by region. Higher ASYRs
were found for most causes in the Walloon Region. The
regional patterns of leading causes of premature death
were in line with the pattern found for Belgium. One
notable exception was chronic obstructive pulmonary
disease, which was ranked third in the Walloon Region
compared with the sixth place in the Belgian ranking.
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The Brussels Capital Region had the highest ASYRs
for Alzheimer’s disease and other dementias (856 per
100,000) and prostate cancer (246 per 100,000). Road
injuries and self-harm were considerably lower in the
Brussels Capital Region.

Discussion

Ill-defined deaths (IDDs) provide a challenge for esti-
mating BoD at national and international levels [12]. We
found that, in Belgium, as much as 34% of all deaths are
to be considered as IDDs, according to GBD definitions.
A potential explanation for this finding can be found in
Belgium’s epidemiological profile, with an overall high
prevalence of cardiovascular diseases, and an ageing
population. Belgium’s ageing population is reflected in
the mortality statistics, with over two-thirds of all deaths
occurring at advanced ages. According to Meslé and Val-
lin, ICD coding is less straightforward for deaths at old
age compared to younger ages [25]. Deaths at old ages
are often the result of a general deterioration of health
or a complex multifactorial chain of events in which no
specific cause is decisive. Furthermore, medical investi-
gations are limited in the elderly and therefore precise
diagnoses are often lacking. Also, coders do not contact
the certifying physician for IDDs above 80 years of age.
Previous international redistribution studies also indi-
cate high shares of redistributed deaths to causes of death
related to old age [9, 28]. In light of the ageing societies
in most world regions, the importance of redistribution
techniques in mortality research is expected to increase
even further.

We developed and adopted a new method for redis-
tributing these IDDs making optimal use of the available
multiple causes of death data. This method consists of
four steps, referred to as ICD-based redistribution, pack-
age redistribution, internal distribution, and all-cause
redistribution. This approach is tailored to the availability
and quality of the Belgian multiple causes of death data,
and may therefore not be directly applicable in other
countries. In Germany, for instance, there is no national
database that includes multiple causes of death data,
which implies that our approach would not be applicable
[9].

Our four-step procedure redistributed for 2019 the
total 34% of IDDs, with 14% using a priori defined tar-
get codes, 11% using a posteriori defined target codes for
newly developed packages, 1% using internal redistribu-
tion, and 8% across all target codes. The most common
IDDs were 150.9 (Heart failure, unspecified), followed by
J18.9 (Pneumonia, unspecified organism), and R99 (Ill-
defined and unknown cause of mortality), correspond-
ing well to international findings [4]. Overall, most IDDs
were redistributed to lower respiratory infections, cere-
brovascular disease, and ischemic heart disease. The high
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share of redistributed deaths for lower respiratory infec-
tions and cerebrovascular disease can be explained by the
IDD definitions used in the GBD study. J18.9 (“Pneumo-
nia, unspecified organism”) and 164 (“Stroke, not speci-
fied as haemorrhage or infarction”) are defined as IDDs at
level 4 of the GBD cause list only, while being specific for
the level 3 GBD causes of “lower respiratory infections”
and “cerebrovascular disease”, respectively. This implies
that deaths with J18.9 or 164 as underlying cause of death
will be considered IDDs, but will be fully redistributed
to their corresponding level 3 causes. The high share of
redistributed deaths for ischemic heart disease, on the
other hand, is mainly due to the high number of IDDs
referring to heart failure, which is common and relatively
frequently redistributed to ischemic heart disease.

Using the redistributed data, the Belgian fatal burden
disease between 2004 and 2019 has been investigated.
Overall, ischemic heart disease, cerebrovascular dis-
ease and lung cancer had the largest contribution to the
Belgian mortality burden. Although these diseases were
consistently ranked in the leading 10 causes of death
in previous examinations [29-31], the redistribution
method now estimates their full impact on mortality in
Belgium. Mortality rates for most leading causes of death
decreased over time. In contrast, Alzheimer’s disease
and other dementias ASMRs increased for both males
and females during the observation period. For females,
results also show a marked increase in lung cancer over
time.

When comparing our results with the GBD estimates
for Belgium, we find similar redistributed shares of
deaths per specific cause, but also some remarkable dif-
ferences [32]. For example, the presented method esti-
mates that 9% of all deaths in 2019 are due to ischemic
heart diseases, whereas GBD estimates are considerably
higher with 13%. It seems that the presented method is
more appropriate in estimating the proportion of deaths
due to Alzheimer’s disease and other dementias, as GBD
results for these diseases show very large confidence
intervals for the 2019 estimate of 5.8% (1.5-15.2%), com-
pared with our estimate of 8.9% (8.8—-9.0%). With regard
to the SEYLL estimates, the GBD redistribution method
led to higher estimates of the premature mortality bur-
den in Belgium for ischemic heart disease (1755 vs. 1218
per 100 000), cerebrovascular disease (995 vs. 851 per
100 000), and lung cancer (1400 vs. 1292 per 100 000);
and underestimate the burden for Alzheimer’s disease
and other dementias (534 vs. 859 per 100 000). However,
since full details of the GBD distribution methods by
country are lacking, it is not possible to fully investigate
and understand these differences.

The results further confirm previous findings related
to sex differences in the (premature) mortality pattern
in Belgium [31]. Despite converging trends for male and
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female rates, males experience more (premature) deaths
compared with females. In 2019, the main cause of death
for males was ischemic heart disease and for females
Alzheimer’s disease and other dementias. The main cause
of premature mortality in 2019 was lung cancer, for both
males and females. Differential (premature) mortal-
ity patterns were also found by region with the highest
rates observed for the Walloon region and the lowest for
the Flemish region. The Brussels Capital Region held an
intermediate position. Despite some differences in the
ranking, mortality in all the regions is impacted mostly
by ischemic heart disease, cerebrovascular disease, lung
cancer and Alzheimer’s disease and other dementias. A
similar pattern is found for premature mortality, apart
from a larger contribution of chronic pulmonary dis-
eases to the premature mortality burden in the Wal-
loon Region. Understanding the impact of these mostly
preventable diseases can be instrumental for the further
development of targeted public health strategies.

This study entails several limitations. First, the method-
ology was developed in the Belgian context and the fur-
ther applicability in other (sub)national contexts largely
depends on the available data. However, research efforts
are currently under way to adapt this methodology to
other European countries, within the context of the Euro-
pean Burden of Disease Network [33]. Second, the study
follows the official definition of mortality as defined by
Statistics Belgium. The final database combines mortal-
ity of Belgian residents and deaths of Belgian nation-
als occurring abroad since 2010. Previously, only deaths
occurring among Belgian residents were included. The
combination of a territorial definition (place of death)
and a residence-based (National Register) definition has
a marginal impact on the redistribution method. Sec-
ond, the choice of a life table has been shown to affect
the estimates [12]. We used an aspirational life tables
developed by GBD to facilitate the comparison with
other country-specific results. Third, the probabilistic
nature of the redistribution method requires increased
computational capacity. To measure the uncertainty, the
redistributions are simulated in 100 iterations. Sensitiv-
ity analyses were performed using 200 iterations, pro-
viding very similar mean number of deaths per specific
cause (difference<0.001), but larger confidence intervals
(difference ~2%).

The strength of the study lies in the development of a
transparent and adaptable redistribution method. Using
this method, this study provides the first quantification of
the Belgian BoD building on all available mortality data.
The estimates and their confidence intervals are further-
more made freely available in an online tool to further
improve the exploration of the temporal and geographi-
cal patterns in (premature) mortality. Future develop-
ments of this approach will include considering temporal

Page 11 of 12

patterns in IDDs, differences in socio-economic posi-
tions, estimating risk factor attributions, making fore-
casts, and combining these estimates with estimates of
Years Lived in Disability, to compute Disability-Adjusted
Life Years.

Conclusion

We estimated, for the first time, the fatal burden of dis-
ease in Belgium, based on a redistribution of deaths with
ill-defined underlying cause of death. Our approach
consists of four consecutive steps and takes optimal
advantage of the available multiple causes of death data.
Ischemic heart disease, Alzheimer’s disease and other
dementias, and cerebrovascular diseases are the lead-
ing causes of death, although the importance of cardio-
vascular diseases is decreasing while that of Alzheimer’s
disease and other dementias is increasing. Leading causes
of premature mortality are lung cancer, ischemic heart
disease, and Alzheimer’s disease and other dementias.
Our results also confirm persisting mortality differences
between sexes and Belgian regions. Annual updates of
our estimates will provide a powerful monitoring tool,
which can be further expanded in scope by integrating
social inequalities and risk factor attributions.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/513690-023-01163-7.

[ Supplementary Material 1 J

Acknowledgements

This study was conducted within the framework of the Belgian National
Burden of Disease Study (BeBOD), coordinated by Sciensano, the Belgian
institute for health.

Authors’ contributions

BD and AS conceived the methodology and designed the analyses. RDP, VG,
AK, EN, PV, GW, and LVdB provided advice on the methodology. BD and AS
performed the analyses. BD, AS and LVdB wrote the manuscript. RDP, VG, AK,
EN, PV and GW critically revised the manuscript and provided insights into
the interpretation of the results. All authors approved the final version of the
manuscript.

Funding
Not applicable.

Data Availability

All estimates are available in an online tool https://burden.sciensano.be/
shiny/mortality2019/. The underlying microdata are available from Statistics
Belgium by following the procedures described on https://statbel.fgov.be/en/
about-statbel/what-we-do/microdata-research.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.


https://doi.org/10.1186/s13690-023-01163-7
https://doi.org/10.1186/s13690-023-01163-7
https://burden.sciensano.be/shiny/mortality2019/
https://burden.sciensano.be/shiny/mortality2019/
https://statbel.fgov.be/en/about-statbel/what-we-do/microdata-research
https://statbel.fgov.be/en/about-statbel/what-we-do/microdata-research

Devleesschauwer et al. Archives of Public Health

(2023) 81:160

Competing interests
BD is Co-Editor-in-Chief at Archives of Public Health. The other authors declare
that they have no competing interests.

Received: 18 May 2023 / Accepted: 27 July 2023
Published online: 25 August 2023

References

1.

Murray C, Lopez A. The Global Burden of Disease: a comprehensive assess-
ment of mortality and disability from diseases, injuries, and risk factors in
1990 and projected to 2020. Cambridge, MA: Harvard Sch. Public Health/
WHO/World Bank;; 1996.

World Health Organization. ICD-10 International Statistical Classification of
Diseases and Related Health Problems. Tenth Revision. [Internet]. Geneva,
Switzerland: World Health Organization. ; 2004 [cited 2023 Jan 13]. Available
from: https://apps.who.int/iris/bitstream/handle/10665/42980/9241546530_
eng.pdf

Vos T, Lim SS, Abbafati C, Abbas KM, Abbasi M, Abbasifard M, et al. Global bur-
den of 369 diseases and injuries in 204 countries and territories, 1990-2019: a
systematic analysis for the global burden of Disease Study 2019. The Lancet.
2020;396:1204-22.

Iburg KM, Mikkelsen L, Adair T, Lopez AD. Are cause of death data fit for
purpose? evidence from 20 countries at different levels of socio-economic
development. Devleesschauwer B, editor. PLoS ONE. 2020;15:0237539.
Johnson SC, Cunningham M, Dippenaar IN, Sharara F, Wool EE, Agesa KM, et
al. Public health utility of cause of death data: applying empirical algorithms
to improve data quality. BMC Med Inform Decis Mak. 2021;21:175.

Fink AK, German RR, Heron M, Stewart SL, Johnson CJ, Finch JL, et al. Impact
of using multiple causes of death codes to compute site-specific, death
certificate-based cancer mortality statistics in the United States. Cancer
Epidemiol. 2012;36:22-8.

Foreman KJ, Naghavi M, Ezzati M. Improving the usefulness of US mortality
data: new methods for reclassification of underlying cause of death. Popul
Health Metrics. 2016;14:14.

Fihel A, Muszynska-Spielauer M. Using multiple cause of death information to
eliminate garbage codes. DemRes. 2021;45:345-60.

the BURDEN 2020 study group, Wengler A, Gruhl H, Plal8 D, Leddin J, Rommel
A, et al. Redistributing ill-defined causes of death — a case study from the
BURDEN 2020-project in Germany. Arch Public Health. 2021;79:33.

Naghavi M, Makela S, Foreman K, O'Brien J, Pourmalek F, Lozano R. Algorithms
for enhancing public health utility of national causes-of-death data. Popul
Health Metrics. 2010;8:9.

Institute for Health Metrics and Evaluation (IHME). GBD results [Internet].
University of Washington. ; 2022 [cited 2022 Aug 11]. Available from: https://
vizhub.healthdata.org/gbd-results/

von der Lippe E, Devleesschauwer B, Gourley M, Haagsma J, Hilderink H, Porst
M, et al. Reflections on key methodological decisions in national burden of
disease assessments. Arch Public Health. 2020;78:137.

Monasta L, Alicandro G, Pasovic M, Cunningham M, Armocida B, Murray JL.
Redistribution of garbage codes to underlying causes of death: a systematic
analysis on Italy and a comparison with most populous western european
countries based on the global burden of Disease Study 2019. Eur J Pub
Health. 2022,32:456-62.

Ng T-C, Lo W-C, Ku C-C, Lu T-H, Lin H-H. Improving the Use of Mortality Data
in Public Health: a comparison of Garbage Code Redistribution Models. Am J
Public Health. 2020;110:222-9.

Franga E, Ishitani LH, Teixeira R, Duncan BB, Marinho F, Naghavi M. Changes
in the quality of cause-of-death statistics in Brazil: garbage codes among
registered deaths in 1996-2016. Popul Health Metrics. 2020;18:20.

Grant |, Mesalles-Naranjo O, Wyper G, Kavanagh J, Tod E, Fischbacher C et

al. Burden of Disease in Scotland [Internet]. 2018. Available from: https://
archpublichealth.biomedcentral.com/articles/https://doi.org/10.1186/
$13690-020-00519-7

Mesalles-Naranjo O, Grant |, Wyper GMA, Stockton D, Dobbie R, McFad-

den M et al. Trends and inequalities in the burden of mortality in Scotland
2000-2015. Devleesschauwer B, editor. PLoS ONE. 2018;13:20196906.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32,

33.

Page 12 of 12

EMCDDA. Standard protocol version 3.2 for the EU Member States to collect
data and report figures for the Key indicator drug-related deaths [Inter-

net]. Lisbon: European Monitoring Centre for Drugs and Drug Addiction
(EMCDDA). ; 2009 p. 72. Report No.: EMCDDA project CT.02.P1.05. Available
from: https://www.emcdda.europa.eu/system/files/publications/615/DRD_
Standard_Protocol_version_3.2_216365.pdf

Marshall RJ. Standard Expected Years of Life Lost as a Measure of Disease
Burden: An Investigation of Its Presentation, Meaning and Interpretation. In:
Preedy VR, Watson RR, editors. Handbook of Disease Burdens and Quality of
Life Measures [Internet]. New York, NY: Springer New York; 2010. p. 401-13.
Available from: https://doi.org/10.1007/978-0-387-78665-0_22

Renard F, Tafforeau J, Deboosere P. Premature mortality in Belgium in
1993-2009: leading causes, regional disparities and 15 years change. Arch
Public Health [Internet]. 2014 [cited 2018 Nov 15];72. Available from: https://
www.nebinlm.nih.gov/pmc/articles/PMC4200135/

Renard F, Gadeyne S, Devleesschauwer B, Tafforeau J, Deboosere P. Trends

in educational inequalities in premature mortality in Belgium between the
1990s and the 2000s: the contribution of specific causes of deaths. J Epide-
miol Community Health. 2017;71:371-80.

Wyper GMA, Devleesschauwer B, Mathers CD, McDonald SA, Speybroeck N.
Years of life lost methods must remain fully equitable and accountable. Eur J
Epidemiol. 2022;37:215-6.

Devleesschauwer B, McDonald SA, Speybroeck N, Wyper GMA. Valuing the
years of life lost due to COVID-19: the differences and pitfalls. Int J Public
Health. 2020;65:719-20.

Global Burden of Disease Collaborative Network. Global burden of Disease
Study 2019 (GBD 2019) reference life table. Seattle, United States of America:
Institute for Health Metrics and Evaluation (IHME); 2021.

Meslé F, Vallin J. Causes of Death at Very Old Ages, Including for Supercen-
tenarians. In: Maier H, Jeune B, Vaupel JW, editors. Exceptional Lifespans
[Internet]. Cham: Springer International Publishing; 2021 [cited 2022 Dec 1].
p. 69-84. Available from: https://doi.org/10.1007/978-3-030-49970-9_7
Eurostat. European Standard Population. Report of Eurostat’s task force.
[Internet]. Luxembourg: Publications Office of the European Union. ; 2013

p. 121. Report No.: ISSN 1977 — 0375. Available from: https://ec.europa.
eu/eurostat/documents/3859598/5926869/KS-RA-13-028-EN.PDF/
e713fa79-1add-44e8-b23d-5e8fa09b3f8f.

Wyper GMA, Grant |, Fletcher E, McCartney G, Fischbacher C, Stockton DL.
How do world and european standard populations impact burden of disease
studies? A case study of disability-adjusted life years (DALYs) in Scotland. Arch
Public Health. 2020;78:1.

Mikkelsen L, Iburg KM, Adair T, First T, Hegnauer M, von der Lippe E, et al.
Assessing the quality of cause of death data in six high-income countries:
Australia, Canada, Denmark, Germany, Japan and Switzerland. Int J Public
Health. 2020;65:17-28.

Ghattas J, Gorasso V, De Pauw R, Thunus S, Speybroeck N, Devleesschauwer
B.The state of health in Belgium, 1990-2019: a benchmarking analysis based
on the global burden of Disease 2019 study. Arch Public Health. 2022,80:222.
Sciensano SPMA. Standardized Procedures for Mortality Analysis-Belgium
[Internet]. SD Epidemiology and public health Sciensano; 2022 [cited 2022
Nov 9]. Available from: https://spma.wiv-isp.be/

Renard F, Scohy A, De Pauw R, Jurcevi¢ J, Devleesschauwer B. Health Status
Report 2021 - The state of health in Belgium [Internet]. Brussels, Belgium:
Sciensano; 2022 p. 33. Report No.: D/2022/14.440/06. Available from: https.//
www.healthybelgium.be/en/health-status

Global Burden of Disease Study 2019. Global Burden of Disease Study 2019
Results [Internet]. Institute for Health Metrics and Evaluation (IHME); 2020
[cited 2022 Nov 7]. Available from: https://vizhub.healthdata.org/gbd-results/
COST Action CA18218- European Burden of Disease, Network. Skills building
seminar: redistribution of ill-defined deaths: a methodological conundrum.
Eur J Pub Health. 2022,32:iii252.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://apps.who.int/iris/bitstream/handle/10665/42980/9241546530_eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/42980/9241546530_eng.pdf
https://vizhub.healthdata.org/gbd-results/
https://vizhub.healthdata.org/gbd-results/
https://archpublichealth.biomedcentral.com/articles/
https://archpublichealth.biomedcentral.com/articles/
https://doi.org/10.1186/s13690-020-00519-7
https://doi.org/10.1186/s13690-020-00519-7
https://www.emcdda.europa.eu/system/files/publications/615/DRD_Standard_Protocol_version_3.2_216365.pdf
https://www.emcdda.europa.eu/system/files/publications/615/DRD_Standard_Protocol_version_3.2_216365.pdf
https://doi.org/10.1007/978-0-387-78665-0_22
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4200135/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4200135/
https://doi.org/10.1007/978-3-030-49970-9_7
https://ec.europa.eu/eurostat/documents/3859598/5926869/KS-RA-13-028-EN.PDF/e713fa79-1add-44e8
https://ec.europa.eu/eurostat/documents/3859598/5926869/KS-RA-13-028-EN.PDF/e713fa79-1add-44e8
https://ec.europa.eu/eurostat/documents/3859598/5926869/KS-RA-13-028-EN.PDF/e713fa79-1add-44e8
https://spma.wiv-isp.be/
https://www.healthybelgium.be/en/health-status
https://www.healthybelgium.be/en/health-status
https://vizhub.healthdata.org/gbd-results/

	﻿Investigating years of life lost in Belgium, 2004–2019: A comprehensive analysis using a probabilistic redistribution approach
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Causes of death data
	﻿Cause mapping
	﻿Redistribution of ill-defined deaths
	﻿Quantification of the fatal burden of disease in Belgium
	﻿Availability of code and estimates

	﻿Results
	﻿Belgian fatal burden of disease, 2004–2019
	﻿Deaths
	﻿Standard expected years of life lost

	﻿Discussion
	﻿Conclusion
	﻿References


