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Abstract 

Background A comprehensive overview of the burden of disease of burns for the full spectrum of care is not avail-
able. Therefore, we estimated the burden of disease of burns for the full spectrum in the Netherlands in 2018, and 
explored whether the burden of disease changed over the past 5 years (2014-2018).

Methods Data were collected at four levels: general practice, emergency department, hospital, and mortality data. 
For each level, years lived with disability (YLD), years of life lost (YLL), and disability-adjusted life-years (DALY) were 
estimated using a tailored methodology.

Results Burns resulted in a total of 9278 DALYs in the Netherlands in 2018, comprising of 7385 YLDs (80%) and 1892 
YLLs (20%). Burn patients who visited the general practice contributed most DALYs (64%), followed by deceased burn 
patients (20%), burn patients admitted to hospital (14%) and those treated at the emergency department (2%). The 
burden of disease was comparable in both sexes (4734 DALYs (51%) for females; 4544 DALYs (49%) for males), though 
the distribution of DALYs by level of care varied; females contributed more DALYs at the general practice level, and 
males at all other levels of care. Among children boys 0-4 years had the highest burden of disease (784 DALYs (9%)), 
and among adults, females 18-34 years old (1319 DALYs (14.2%)) had the highest burden of disease. Between 2014 
and 2018 there was a marginal increase of 0.8% in the number of DALYs.

Conclusions Burns cause a substantial burden of disease, with burns requiring care at the general practice level 
contributing most DALYs. Information on burden of burns by the full level of care as well as by subgroup is important 
for the development of tailored burn prevention strategies, and the updated figures are recommended to be used for 
priority setting and resource allocation.
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Background
Burn injuries are considered a leading cause of injury 
worldwide [1]. Due to substantial improvements in burn 
care, an increasing number of patients survive their inju-
ries and live with the consequences [2]. Burns can have a 
considerable negative impact on physical and psychoso-
cial functioning [3, 4].

Burn injuries also pose a burden on society. A well-
established concept that assesses the impact of a health 
condition on population health is the burden of disease, 
which can be quantified by the disability adjusted life 
year (DALY) [5–7]. DALY is a combination of two fig-
ures: premature mortality, expressed in years of life lost 
(YLLs), and non-fatal health loss, expressed in years lived 
with disability (YLDs), which is adjusted for the severity 
of the disability by the use of disability weights [8–12].

The Global Burden of Disease (GBD) study provides 
estimates on the annual burden of disease of many con-
ditions, including burns [13–15]. However, limitations 
of the GBD study for burn injuries include a sub-opti-
mal linkage of data and disability weights [16], and the 
assumption that a greater proportion of patients with 
minor burns have lifelong consequences compared to 
patients with major burns, which is not plausible and 
contradicting to available evidence [17].

An improved methodology to estimate the burden of 
disease of burns was recently developed: the INTEG-
RIS-burns method [18]. Important adaptations include 
tailored disability weights based on severity categori-
zation of burn patients; a better substantiated propor-
tion of patients with lifelong disability; and the use of a 
prolonged burn specific recovery period [18]. European 

and Western-Australian health-related quality of life 
(HRQL) data of 3401 patients were combined to derive 
disability weights for three burn injury groups based on 
percentage total body surface area (%TBSA) burned. Dis-
ability weights ranged from 0.046 (subgroup < 5% TBSA 
burned; > 24 months post-burn) to 0.497 (subgroup > 20% 
TBSA burned; 0–1 months post-burn). This method is 
fully explained elsewhere [18]. Up till now, the applica-
tion of this refined method has been limited to the non-
fatal burden of disease of patients treated in specialized 
burn care centres [18, 19]. These studies did not include 
the full spectrum of care and did not include mortal-
ity due to burns. Burn care is not limited to specialized 
burn centres. Care for less severe burn injuries is pri-
marily provided by general practitioners (GPs) and gen-
eral hospitals; i.e. hospitals without a specialized burn 
centre. In the Netherlands, the GP has a gatekeeper role 
for secondary care. An exception is an acute situation, 
where patients are immediately transferred to a hospital’s 
emergency department. For burn injuries, depending on 
the severity, this is either a general hospital or dedicated 
burn centre [20]. In the Netherlands, primary care is fully 
covered by the obligatory health care insurance, whereas 
for secondary care an annual deductible (385 euros in 
2020) has to be paid; all other costs are covered by the 
health insurance. Due to this arrangement of health care, 
we expect no barrier for health care access for burn care. 
By including all levels of care, and burn-related mortality, 
an overview of the total burden of disease of burn injuries 
in the Netherlands can be estimated. The full spectrum of 
care can graphically be present by an injury surveillance 
pyramid (Fig. 1) [21, 22]. The primary aim of this study 

Fig. 1 Injury surveillance pyramid from Polinder et al. [21] – copied with permission. ICU = Intensive Care Unit
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was to estimate the total burden of disease of fatal and 
non-fatal burn injury in the Netherlands for the full spec-
trum of care in 2018. The secondary aim was to explore 
whether the burden of disease of burns changed over the 
past 5 years (2014-2018).

Methods
Data sources
The following three sources were used to obtain the inci-
dence data of burn injuries and treated: the Nivel Pri-
mary Care Database (Nivel-PCD) for GP visits, the Dutch 
Injury Surveillance System (DISS) for ED visits, the 
Dutch Hospital Discharge Registry (HDR) and the Dutch 
Burn Repository (DBR) R3 for hospital and burn centre 
admissions respectively. In addition, Cause-of-Death Sta-
tistics Netherlands was used to assess the mortality of 
burns in the Netherlands.

Ethical approval
According to Dutch law (https:// engli sh. ccmo. nl/ inves 
tigat ors/ legal- frame work- for- medic alsci entifi c- resea rch/ 
your- resea rch- is- it- subje ct- to- the- wmo- or- not), ethics 
approval is not required for aggregated registry data as 
participants were not subject to procedures or required 
to follow rules of behaviour.

Incidence data
Data on general practice visits for burn injuries were 
obtained from Nivel-PCD (NZR00320.007). This data-
base includes a national representative sample of 10% 
of the general practices (day care) and 65% of the gen-
eral practice cooperatives (out-of-hours care). Patients 
with an ICPC-1 code S14 (burn injury) were selected 
(Table  1) [23]. Collected data were extrapolated to the 
whole Dutch population based on the size and distri-
bution of the population of the general practices and 

general practice cooperatives based on a regularly 
applied method [24–27]. Because all Dutch citizens are 
registered at a general practice, Nivel-PCD also con-
tains patients who do not visit their GP [28]. The age/
sex specific number of patients included in Nivel-PCD 
was extrapolated to the number of persons in the spe-
cific age/sex categories in the Dutch population by using 
the Dutch population registry numbers from Statistics 
Netherlands [29]. This method has been used for the 
extrapolation of burn injuries in Dutch general practice 
before [24]. Fourteen percent of the patients visited both 
day care and out-of-hours care for the same burn injury 
[30], therefore the number of visits of out-of-hours care 
was lowered by 14%. Besides, 0.7% of all GP patients are 
generally referred to general hospital care, therefore the 
numbers were lowered by 0.7% [30]. In addition, age/sex 
specific rates of referrals from GP to burn centres per 
year were available and GP rates were lowered by these 
numbers to prevent double counting [31].

Data on emergency department (ED) visits were 
obtained from DISS. DISS records patients who have 
been treated at the ED for an injury [32]. Data are col-
lected from a national representative sample of EDs cov-
ering 12% of all Dutch ED visits [33, 34]. All burn-related 
ICD-9 codes (940-949) for 2014 and ICD-10 codes (T20-
T32) for 2015-2018 were selected (Table  1) [35]. Data 
were extrapolated to the Dutch population by a standard-
ized method [36, 37].

The Dutch Hospital Discharge Registry (HDR) includes 
all hospital admissions from all Dutch hospitals [38]. All 
burn-related ICD-9 codes (940-949) in 2014, and ICD-10 
codes (T20-T32) in 2015-2018 were selected (Table  1). 
Patients who died during admission were not included to 
prevent double counting with mortality data.

Dedicated burn centres are included in the HDR, how-
ever, the Dutch Burn Repository (DBR-R3) includes more 

Table 1 Source and case definition for data on each level of the injury pyramid

Level of injury pyramid Source Case definition

Death Cause-of-Death Statistics Netherlands Deaths related to burns
ICD-10 codes: W35-W40; X00-X19; X76-
X77; X97-X98; Y26-Y27

Hospital admission Dutch Hospital Discharge Registry Hospital admission for a burn injury
2014: ICD-9 codes: 940-949
2015-2018: ICD-10 codes: T20-T32

Dutch Burn Repository R3 Burn centre admission for a burn injury
All patients in registry

ED visits Dutch Injury Surveillance System Patients with an ED visit but no hospital 
admission for a burn injury
2014: ICD-9 codes: 940-949
2015-2018: ICD-10 codes: T20-T32

GP visits Nivel Primary Care Database Patients with a GP visit for a burn injury
ICPC-1 code: S14

https://english.ccmo.nl/investigators/legal-framework-for-medicalscientific-research/your-research-is-it-subject-to-the-wmo-or-not
https://english.ccmo.nl/investigators/legal-framework-for-medicalscientific-research/your-research-is-it-subject-to-the-wmo-or-not
https://english.ccmo.nl/investigators/legal-framework-for-medicalscientific-research/your-research-is-it-subject-to-the-wmo-or-not
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specific burn injury data than the HDR registry. There-
fore, data of patients treated in a burn centre in 2014-
2018 were derived from the DBR-R3 and removed from 
the HDR extraction (Table  1) [31]. Patients who died 
during admission were not included to prevent double 
counting with mortality data.

The collected data were summed into the predefined 
age- and sex-categories (i.e. 0-4 yr, 5-7 yr, 8-11 yr, 12-17 yr, 
18-24 yr, 25-34 yr, 35-44 yr, 45-54 yr, 55-64 yr, 65-74 yr, 
≥75 yr, separately for males and females) for each data-
base separately. As patients can be treated at more than 
one healthcare setting, pathways of burn patients were 
studied to correct for double-counting as explained 
above. Patients were included at the highest level of care 
treated [30].

Mortality data
Age- and sex- specific mortality rates were derived from 
the Cause-of-Death Statistics Netherlands for 2014-2018 
[39]. The Cause-of-Death statistics are based on official 
death certificates [40]. Causes of death related to burns 
were selected from this registry (ICD-10 codes W35-
W40; X00-X19; X76-X77; X97-X98; Y26-Y27) (Table 1).

Calculations
Years lived with disability
The calculation of years lived with disability (YLDs) is 
done for the short-term and long-term separately. Short-
term (acute phase) is 12 months for patients without an 
admission, and 24 months for patients with a hospital/
burn centre admission as patients with more severe 
burns have a prolonged recovery [4]. Consequently, 
long-term is > 24 months for patients with an admis-
sion, and > 12 months for those without admission. For 
the short-term, the calculation consisted of three steps: 
1) calculating the incidence of burns in the predefined 
age- and sex-specific groups for each level of the injury 
surveillance pyramid. 2) for admitted patients: break-
ing down the incidence data into the homogenous burn 
categories based on percentage total body surface area 
(%TBSA) burned [18] (Additional  file  1). In the HDR 
data we received, burn size was not available, therefore 
the distribution of %TBSA is adopted from the distribu-
tion in the burn centres [20]. 3) combining the grouped 
incidence data with the relevant disability weights and 
durations [18, 41]. Short-term YLDs were calculated by 
multiplying the disability weights with the correspond-
ing duration of that specific disability weight, and with 
the incidence. For the long-term YLD calculations, the 
incidence data were combined with the proportion 
of patients with lifelong consequences, with the rel-
evant disability weights, and with the age- and sex-spe-
cific remaining life expectancy (Additional file  1). Life 

expectancy at time of death was derived from the global 
burden of disease study 2017 [42, 43].

Short-term and long-term YLDs were combined 
to derive YLDs on group level. The group YLDs were 
summed to derive the overall YLDs of burn injuries. Both 
total YLDs as YLD per 1000 inhabitants were estimated. 
Country population data were derived from Statistics 
Netherlands [29]. Population numbers were extracted 
and used for each year (2014-2018) specifically.

Years of life lost
Age- and sex-specific life expectancy at age of death (in 
the predefined age/sex groups) was used to calculate the 
YLL [42, 43]. Mortality rates of the age- and sex-specific 
groups was multiplied by the specific life expectance of 
that group. Both total YLL as YLL per 1000 inhabitants 
were estimated.

Disability‑adjusted life‑years
The burden of disease of fatal and non-fatal burn injury 
in the Netherlands was expressed in DALYs for 2014-
2018. For each year, the total YLDs were added up with 
the total YLLs, establishing the number of DALYs due to 
burn injuries. Total number of DALYs per year were esti-
mated, as well as DALYs per 1000 inhabitants per year.

Results
Number of patients and deaths due to burns
The data sources revealed that 113,003 persons sought 
medical care for burn injuries in the Netherlands in 
2018. This was about 0.7% of the total Dutch popula-
tion in 2018. More than half of the patients were females 
(58.4%). The distribution by level of the injury surveil-
lance pyramid is shown in Fig.  2. By far the most peo-
ple (n = 108,027; 95.6%) consulted the GP for their burn 
injury. About 3 % of the people with burns (n = 3533) 
were treated at the ED, and 1365 persons (1.2%) were 
admitted to a hospital due to their burn injury. In 2018, 
78 persons died due to burns in the Netherlands.

Burden of disease of burn injuries
The total burden of disease of burns was 9278 DALYs 
(0.54 DALYs per 1000 inhabitants) in the Netherlands 
in 2018. Non-fatal burn injuries contribute 79.6% (7385 
YLDs). The average number of DALYs was 0.08 per 
patient, ranging from 0.06 DALYs per patient needing 
general practice or ED care to 24.26 DALYs per patient 
that died. The distribution of DALYs by levels of the 
injury surveillance pyramid is shown in Fig. 2. GP visits 
contributed most DALYs (64.0%; 5941 DALYs), followed 
by mortality (20.4%; 1893 DALYs), hospital admissions 
(13.5%; 1250 DALYs) and ED visits (2.1%; 194 DALYs).
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Fig. 2 Percentage of incidence and disability adjusted life-years (DALYs) for burn injuries by level of the injury pyramid in the Netherlands in 2018. 
Note. ED = emergency department; GP = general practice

Fig. 3 Sex specific disability adjusted life-years (DALYs) by level of the injury pyramid in the Netherlands in 2018
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Burden of disease of burn injuries according to sex
Overall, females were responsible for a slightly higher 
number of total DALYs (4734 (51.0%); versus males 4544 
(49.0%)) in 2018 (Fig.  3). With regards to GP visits, the 
number of DALYs for females was 1.4 times higher than 
for males. However, the proportion of DALYs was higher 
for males compared to females for all other levels of the 
injury pyramid. The number of DALYs for males was 1.8 
times higher for hospital admissions and deaths, and 1.2 
times higher for ED visits. At patient level, males had a 
higher number of DALYs per case compared to females: 
0.10 DALYs/case for males vs. 0.07 DALYs/case for 
females in 2018.

Burden of disease of burn injuries according to age
The age group 35-54 yr contributed most to the total 
burden of disease; 2425 DALYs (26.1%), followed by the 
age group 18-34 yr (2371 DALYs; 25.6%) in 2018. Within 
children, the age group 0-4 yr old contributed more to 
the total DALYs compared to the group 5-17 yr old; 1313 
DALYs (14.2%) and 1167 DALYs (12.6%) respectively. The 
age distribution of DALYs varied between the levels of 
the injury pyramid (Fig. 4). The highest number of DALYs 
at GP level (28%) and ED level (32%) came from those 
18-34 years old. Young children (0-4 yr old) contributed 
most DALYs at hospital admission level (34%). And those 
35-54 years old contributed most DALYs by death.

Burden of disease of burn injuries according to age and sex
Females 18-34 years old had the greatest total number 
of DALYs, namely 1319 DALYs (14.2%), whereas males 
aged ≥75 years old had the lowest number of DALYs: 
203 (2.2%) (Fig. 5). Within children, boys aged 0-4 years 
were responsible for most DALYs (784; 8.5%). Overall, 
more DALYs were contributed by boys than girls for both 
age groups of children and all layers of the injury pyra-
mid, whereas in adults, females contributed more DALYs 
than males in all four adult age groups. However, the 
number of DALYs per case were higher for males com-
pared to females in all age groups. DALYs per case ranged 
between 0.08 and 0.12 in males, and between 0.06 and 
0.09 in females.

Burden of disease of burn injuries in 2014‑2018
Figure 6 shows the DALYs by level of the injury pyramid 
over a 5 year period, from 2014 to 2018. Total DALYs 
were lowest in 2015 (DALYs: 8934) and highest in 2017 
(DALYs: 9329). The difference between 2014 and 2018 
was a marginal increase of only 0.8%. DALYs per 1000 
inhabitants ranged between 0.53 (2015) and 0.55 (2014, 
2016, 2017). The contribution of general practice was 
highest and stable over the years, ranging between 61.5% 
(2014) and 66.2% (2017). Deaths contributed 16.4% 
(2015) to 20.4% (2018) of the total DALYs, and hospital 
admissions 13.5% (2018) to 17.2% (2014).

Fig. 4 Age distribution of disability adjusted life-years (DALYs) per level of the injury pyramid in the Netherlands in 2018
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Discussion
When taking the full spectrum of care into account, burn 
injuries resulted in a total of 9278 DALYs in 2018 in the 
Netherlands. GP visits contributed most to the total 
number of DALYs, followed by mortality. The total num-
ber of DALYs was more or less similar for both sexes; it 
did however vary across level of the injury pyramid, with 
a higher proportion females at the GP level and a larger 

proportion of males at the other three levels. The total 
number of DALYs was highest for females 18-34 years 
old. The number of DALYs per patient were higher for 
males than females in all age groups. Between 2014 and 
2018, the total DALYs due to burns was relatively stable.

An earlier study, based on Dutch burn centre admis-
sion data, reported a total of 771 YLDs in 2017 [18], 
which is almost 10 times lower compared to our findings 

Fig. 5 Age-and sex specific disability adjusted life-years (DALYs) by level of the injury pyramid in the Netherlands in 2018

Fig. 6 Total disability adjusted life-years (DALYs) by level of the injury pyramid in the Netherlands in 2014-2018
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based on the whole spectrum of care. The present study 
in particular shows the high contribution of DALYs from 
GP visits. This is partly induced by the Dutch health care 
system, where, just as in the United Kingdom, the GP has 
a gatekeeper role for secondary care. Incorporating the 
whole spectrum of care is thus very important to assess 
the overall burden of disease of burn injuries, on which 
decisions about priority setting and resource allocation 
for healthcare and prevention can be based.

Comparison of our findings to those of the GBD 
study are complicated as injuries are categorized follow-
ing their cause of injury (e.g. fire) and by their nature of 
injury (e.g. burns) by the GBD. For both cause of injury 
as for nature of injury, YLD estimates are made, while 
only for the cause of injury YLL estimates are made [15]. 
The reason for this is that the vital registry data that are 
used for the GBD injury YLL estimates include cause of 
injury ICD codes only. The GBD study calculated a total 
number of 13,366 YLDs (95% CI: 8054-20,703 YLDs) for 
burns (nature of injury) in 2017 in the Netherlands. The 
uncertainty interval of the GBD estimate is quite large 
and our YLD estimate of 7639 in 2017 is lower. Main fac-
tors for these large differences in YLDs are the different 
methods used to calculate DALYs and the incidence data 
sources that were used as input for the YLD calculations. 
Differences between the two methods include the cate-
gorization of burn patients, values of disability weights, 
proportion of patients with lifelong disability, and recov-
ery timeframes used [18, 19]. Besides, the GBD study 
used 2013 data from the Netherlands and extrapolated 
that to 2017, whereas in present study we used the actual 
2017 data, which resulted in better substantiated burden 
of disease estimates.

Also, the change in burden of disease over time was 
different. GBD presents a slight increase [15], whereas 
we found a relatively stable pattern. Surprisingly other 
estimates were seen when comparing mortality rates. 
The GBD study reported 2.4 times higher YLLs than our 
estimates based on data from the Cause-of-Death Statis-
tics Netherlands [44] even though a broader selection of 
death causes was included in our study. The GBD study 
uses the Cause of Death Ensemble modelling software 
that estimates mortality by age, sex, region, and year for 
specific diseases, including burn injury [45]. The prem-
ise of these estimates is that each death, also ill-defined 
causes of, is attributed to one single underlying cause 
that led to the death [46]. The redistribution of ill-defined 
death to burn injury related death might have resulted in 
a higher number of YLLs reported by the GBD study.

The present study revealed that females had a higher 
number of DALYs at general practice level, whereas 
males had a higher proportion of DALYs in each of the 
other layers of the injury surveillance pyramid. Thus, 

in general, incidence of burns is higher in females, but 
the burns that they sustain are less severe compared 
to males. This is also depicted by the higher number of 
DALYs per case for males compared to females. For all 
levels of the care spectrum taken together,, the burden 
of disease of burns was almost equal in both sexes. The 
finding that males are overrepresented at secondary care 
is in line with a recent systematic review on burn epide-
miology that showed that males outnumbered females in 
incidence rates in secondary care [47]. These differences 
between males and females might be caused by different 
working environments, household chores (in particular 
cooking), and/or leisure time activities [47, 48] and need 
to be considered when burn prevention campaigns are 
designed. Future studies are needed to investigate the 
type of burns and characteristics of patients, which may 
further inform and improve targeted prevention among 
this group.

It is also notable that boys contributed more to the 
total burden of disease than girls. Unlike in adults, in 
children boys have both a higher incidence rate and sus-
tain more severe burns. These findings are in line with 
an earlier epidemiological study that reported a higher 
rate of boys than girls admitted to a Dutch burn centre 
[49]. Similar findings were presented in a recent system-
atic review that described that the boys girls ratio was 
1.56:1 [47]. Our study found that the age group 35-54 yr 
contributed most to the burn DALYs. Earlier studies on 
incidence rates described an overrepresentation (20-
25%) of very young children (aged 0-4 years) in burn 
care [31, 50]. These studies are based on hospital admis-
sion and present study confirms this overrepresentation 
of young children at hospital admission level (33%). An 
earlier study showed that children with a young age are 
faster admitted for burns compared to older children 
and adults [49]. Children and adults are anatomically 
and physiologically different, which makes children more 
prone for more severe consequences. In comparison to 
adults, guidelines recommend to admit children with 
relatively small burns. For example, the Dutch guideline 
recommends to admit children with a burn size of 5% or 
higher, whereas for adults the burn size for referral is 10% 
or higher. However, when looking at the whole spectrum 
of care, young children contribute a smaller part of the 
total DALYs; about 14%. This indicates that prevention 
measures are very important for people at all ages.

In relation to the total burden of disease of injuries, 
burn injuries only account for a small part. An earlier 
study showed that the total burden of injury in the Neth-
erlands was 229,322 DALYs per year in 2003-2007 [16]. 
Disparity in DALYs per case in burns echoes the same 
disparity in DALYs per case in general injuries. Interest-
ingly, the burden of injury in general by level of the injury 
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pyramid showed a very different pattern, with ED visits 
contributing much more to the total DALY compared to 
burns (34% vs 2%). This large difference is possibly caused 
by the pathology, acuteness, and type of care needed 
for injuries. For example, all types of bone fractures are 
treated in a hospital, and for most road injuries, patients 
are immediately transferred to an ED, whereas for burns, 
the injury is often less acute and can be treated by the 
GP. In the Dutch health care system, where the GP serves 
as a gatekeeper for secondary care, all care that can be 
provided by the GP will be provided in general practice. 
Besides, in the Netherlands, GP care is fully covered by 
the obligatory health care insurance, whereas for second-
ary care an annual deductible (or “own risk”; set at 385 
euros in 2019 and 2020) has to be paid. For this reason, 
patients with mild injuries are often more inclined to visit 
the out-of-hours GP instead of the ED department. This 
was also demonstrated by a recent study that showed a 
decrease in minor injury related visits to emergency 
departments and increase in higher number of minor 
injury related general practice visits [51].

This study included some strengths; we included the 
full spectrum of care to generate an overview of the total 
burden of disease of burn injuries, and examined the 
burden of disease of different age/sex groups. Besides, 
present study used an improved methodology for the 
estimation of the burden of burn injuries. This study also 
included some limitations. Data were only available at an 
aggregated level, thereby, we could not directly correct 
for double counting at patient level, but we did on age/
sex group level. This was the level of detail that was used 
for calculations in this study. However, for correction of 
patients treated at both the GP and in a general hospital, 
we only had general data at population level (0.7% of burn 
patients treated in general practice is generally referred 
to a general hospital; not a burn centre); we did not have 
age/sex specific subgroup data. Therefore, we lowered all 
sex/age specific subgroup data at the GP level by 0.7%. 
Another limitation includes that GP care and ED care 
data were extrapolated to the whole Dutch population 
which might have led to slight under- or overestimation 
of the burden of disease. However, both samples are rep-
resentative for the Dutch population with respect to age 
and sex, and the ED care method have been validated [36, 
37] and the GP care method is regularly used [24–27] and 
was used before for burn injuries [24]. Also, we used the 
same disability weights for ED visits and GP visits, as no 
disability weights for GP visits for burns exist. This likely 
has led to an overestimation of the burden of disease, 
as somewhat more severe burns might be treated at the 
ED. Another limitation was that the hospital admission 
data we received did not include burn size, which was 
needed to estimate the burden of disease. For two codes 

(T31 and T32) subcoding includes burn size, however, 
we did not receive data with this level of detail. The dis-
tribution of burn size was therefore for the whole selec-
tion (T20-32) adopted from the burn centres. However, 
as we are unaware of the actual severity, this might have 
led to a slight under- or overestimation of the burden of 
disease of burn injuries. Lastly, the method used is based 
on %TBSA burned and does not include burn depth as a 
factor, which is another indicator of the severity of burn 
injuries and its impact and recovery [17, 52]. However, as 
burn depth is very difficult to assess, especially by health-
care providers who do not treat burn patients on a regu-
larly basis, often not (adequately) registered, and because 
%TBSA and burn depth are often correlated, we have not 
included burn depth in our analyses.

Conclusion
This study provides a comprehensive overview of the 
burden of disease of fatal and non-fatal burn injuries in 
the Netherlands for the full spectrum of care in 2018. 
Burn injuries cause a substantial burden of disease, which 
was constant over the past 5 years, and to which patients 
who visited the GP contributed most. In addition, it 
was shown that among children boys 0-4 years had the 
highest burden of disease, and among adults, females 
18-54 years old, and males 35-54 years old had the highest 
burden of disease due to burns. This is important infor-
mation for the development of tailored burn prevention 
strategies, and the updated figures are recommended to 
be used for priority setting and resource allocation.

Abbreviations
%TBSA  Percentage total body surface area
DALY  disability adjusted life year
DBR-R3  Dutch Burn Repository
DISS  Dutch Injury Surveillance System
ED  Emergency department
GBD   Global Burden of Disease
GP  General practitioner
HDR  Dutch Hospital Discharge Registry
YLD  Years lived with disability
YLL  Years of life lost

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s13690- 022- 01020-z.

Additional file 1. Disability weights and proportion of patients with 
lifelong consequences applied for the calculation of years lived with dis-
ability (YLD).

Acknowledgements
The authors gratefully thank Dr. K. Hek for the provision of the Nivel-PCD data.

https://doi.org/10.1186/s13690-022-01020-z
https://doi.org/10.1186/s13690-022-01020-z


Page 10 of 11Spronk et al. Archives of Public Health            (2023) 81:3 

Authors’ contributions
Dr. Spronk conceptualized and designed the study, analyzed an interpreted 
data, drafted the initial manuscript, and reviewed and revised the manuscript. 
Dr. van Baar, Prof Verheij, Dr. Panneman, Dr. Dokter, and Dr. Polinder concep-
tualized and designed the study, interpreted data, and critically reviewed the 
manuscript for important intellectual content. Dr. Haagsma conceptualized 
and designed the study, analyzed an interpreted data, and critically reviewed 
the manuscript for important intellectual content. All authors read and 
approved the final manuscript as submitted and agree to be accountable for 
all aspects of the work.

Funding
This work was supported by The Dutch Burn Foundation (grant number: 
19.106). The funding body had no role in any part of the study.

Availability of data and materials
The data from the different data sources can be requested from the specific 
institution (Nivel-PCD: https:// www. nivel. nl/ nl/ nivel- zorgr egist raties- eerste- 
lijn/ gegev ens- aanvr agen- voor- onder zoek, DISS and HDR: https:// www. veili 
gheid. nl/ organ isatie/ monit oring- onder zoek/ cijfe rs- nadere- analy ses, DBR-R3: 
baarm@ maass tadzi ekenh uis. nl). Cause-of-Death Statistics data is available at: 
https:// opend ata. cbs. nl/ statl ine/ portal. html.

Declarations

Ethics approval and consent to participate
According to Dutch law (https:// engli sh. ccmo. nl/ inves tigat ors/ legal- frame 
work- for- medic alsci entifi c- resea rch/ your- resea rch- is- it- subje ct- to- the- 
wmo- or- not), ethics approval is not required for aggregated registry data as 
participants were not subject to procedures or were not required to follow 
rules of behaviour.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 26 July 2022   Accepted: 28 December 2022

References
 1. World Health Organization. Fact sheet Burns 2018. Available from: https:// 

www. who. int/ news- room/ fact- sheets/ detail/ burns.
 2. Bloemsma GC, Dokter J, Boxma H, Oen I. Mortality and causes of death in 

a burn Centre. Burns. 2008;34(8):1103–7.
 3. Spronk I, Legemate C, Oen I, van Loey NE, Polinder S, van Baar ME. Health 

related quality of life in adults after burn injuries: a systematic review. 
PLoS One. 2018;13(5):e0197507.

 4. Spronk I, Van Loey NE, Sewalt C, Nieboer D, Renneberg B, Moi AL, et al. 
Recovery of health-related quality of life after burn injuries: an individual 
participant data meta-analysis. PLoS One. 2020;15(1):e0226653.

 5. Salomon JA, Haagsma JA, Davis A, de Noordhout CM, Polinder S, Havelaar 
AH, et al. Disability weights for the global burden of disease 2013 study. 
Lancet Glob Health. 2015;3(11):e712–e23.

 6. Salomon JA, Vos T, Hogan DR, Gagnon M, Naghavi M, Mokdad A, et al. 
Common values in assessing health outcomes from disease and injury: 
disability weights measurement study for the global burden of disease 
study 2010. Lancet. 2012;380(9859):2129–43.

 7. Murray CJL, Lopez AD, World HO. The global burden of disease: a compre-
hensive assessment of mortality and disability from diseases, injuries, and 
risk factors in 1990 and projected to 2020: summary; 1996.

 8. Devleesschauwer B, Havelaar AH, De Noordhout CM, Haagsma JA, Praet 
N, Dorny P, et al. DALY calculation in practice: a stepwise approach. Int J 
Public Health. 2014;59(3):571–4.

 9. Murray CJ, Vos T, Lozano R, Naghavi M, Flaxman AD, Michaud C, et al. 
Disability-adjusted life years (DALYs) for 291 diseases and injuries in 21 

regions, 1990–2010: a systematic analysis for the global burden of disease 
study 2010. Lancet. 2012;380(9859):2197–223.

 10. Devleesschauwer B, Havelaar AH, De Noordhout CM, Haagsma JA, Praet 
N, Dorny P, et al. Calculating disability-adjusted life years to quantify 
burden of disease. Int J Public Health. 2014;59(3):565–9.

 11. Murray CJ, Lopez AD. Alternative projections of mortality and dis-
ability by cause 1990–2020: global burden of disease study. Lancet. 
1997;349(9064):1498–504.

 12. Haagsma JA, De Noordhout CM, Polinder S, Vos T, Havelaar AH, Cassini A, 
et al. Assessing disability weights based on the responses of 30,660 peo-
ple from four European countries. Popul Health Metrics. 2015;13(1):10.

 13. James SL, Abate D, Abate KH, Abay SM, Abbafati C, Abbasi N, et al. 
Global, regional, and national incidence, prevalence, and years lived 
with disability for 354 diseases and injuries for 195 countries and 
territories, 1990–2017: a systematic analysis for the global burden of 
disease study 2017. Lancet. 2018;392(10159):1789–858.

 14. Haagsma JA, James SL, Castle CD, Dingels ZV, Fox JT, Hamilton EB, 
et al. Burden of injury along the development spectrum: associa-
tions between the socio-demographic index and disability-adjusted 
life year estimates from the global burden of disease study 2017. 
Injury Prev. 2020.26(Supp 1):i12–i26. https:// doi. org/ 10. 1136/ injur 
yprev- 2019- 043296.

 15. Institute for health metrics and evaluation. Findings from the global 
burden of disease study 2017. Seattle; 2018. https:// www. healt hdata. 
org/ sites/ defau lt/ files/ files/ policy_ report/ 2019/ GBD_ 2017_ Bookl et. pdf.

 16. Polinder S, Haagsma JA, Lyons RA, Gabbe BJ, Ameratunga S, Cryer C, 
et al. Measuring the population burden of fatal and nonfatal injury. 
Epidemiol Rev. 2012;34(1):17–31.

 17. Spronk I, Legemate C, Dokter J, van Loey NE, van Baar ME, Polinder S. 
Predictors of health related quality of life after burn injuries: a system-
atic review. Crit Care. 2018;22(1):160.

 18. Spronk I, Edgar DW, van Baar ME, Wood FM, Van Loey NE, Middelkoop 
E, et al. Improved and standardized method for assessing years lived 
with disability after burns and its application to estimate the non-fatal 
burden of disease of burn injuries in Australia, New Zealand and the 
Netherlands. BMC Public Health. 2020;20(1):121.

 19. Spronk I, Haagsma JA, Edgar DW, van Baar ME, Polinder S, Wood FM. 
Comparison of three different methods to estimate the burden of 
disease of burn injuries in Western Australia in 2011-2018. Burns. 
2020;46(6):1424–31.

 20. Brandwondenzorg Nederland. Richtlijn ’Eerste opvang van brand-
wondpatiënten in de acute fase (1ste 24 uur) van verbranding en 
verwijzing naar een brandwondencentrum’. Beverwijk: Nederlandse 
Brandwonden Stichting; 2014.

 21. Polinder S, Haagsma JA, Toet H, van Beeck EF. Epidemiological burden 
of minor, major and fatal trauma in a national injury pyramid. Br J Surg. 
2012;99(S1):114–20.

 22. Wadman MC, Muelleman RL, Coto JA, Kellermann AL. The pyramid of 
injury: using ecodes to accurately describe the burden of injury. Ann 
Emerg Med. 2003;42(4):468–78.

 23. Lamberts H, Wood M. ICPC, international classification of primary care. 
USA: Oxford University Press; 1987.

 24. Van Zoonen EE, Van Baar ME, Van Schie CH, Koppes LL, Verheij RA. Burn 
injuries in primary care in the Netherlands: risk factors and trends. 
Burns. 2022;48(2):440–7.

 25. Spronk I, Korevaar JC, Poos R, Davids R, Hilderink H, Schellevis FG, et al. 
Calculating incidence rates and prevalence proportions: not as simple 
as it seems. BMC Public Health. 2019;19(1):1–9.

 26. Verhaak PF, de Beurs D, Spreeuwenberg. What proportion of initially 
prescribed antidepressants is still being prescribed chronically after 5 
years in general practice? A longitudinal cohort analysis. BMJ Open. 
2019;9(2):e024051.

 27. Heslinga M, Nielen MM, Smulders Y, Simsek S, Nurmohamed MTJR. 
Amplified prevalence and incidence of cardiovascular disease in 
patients with inflammatory arthritis and coexistent autoimmune disor-
ders. Rheumatology. 2020;59(9):2448–54.

 28. Nivel. Nivel Primary Care Database Utrecht2022. Available from: 
https:// www. nivel. nl/ en/ nivel- prima ry- care- datab ase.

 29. Statistics Netherlands. Population 2019. Available from: https:// www. 
cbs. nl/ en- gb/ socie ty/ popul ation.

https://www.nivel.nl/nl/nivel-zorgregistraties-eerste-lijn/gegevens-aanvragen-voor-onderzoek
https://www.nivel.nl/nl/nivel-zorgregistraties-eerste-lijn/gegevens-aanvragen-voor-onderzoek
https://www.veiligheid.nl/organisatie/monitoring-onderzoek/cijfers-nadere-analyses
https://www.veiligheid.nl/organisatie/monitoring-onderzoek/cijfers-nadere-analyses
baarm@maasstadziekenhuis.nl
https://opendata.cbs.nl/statline/portal.html
https://english.ccmo.nl/investigators/legal-framework-for-medicalscientific-research/your-research-is-it-subject-to-the-wmo-or-not
https://english.ccmo.nl/investigators/legal-framework-for-medicalscientific-research/your-research-is-it-subject-to-the-wmo-or-not
https://english.ccmo.nl/investigators/legal-framework-for-medicalscientific-research/your-research-is-it-subject-to-the-wmo-or-not
https://www.who.int/news-room/fact-sheets/detail/burns
https://www.who.int/news-room/fact-sheets/detail/burns
https://doi.org/10.1136/injuryprev-2019-043296
https://doi.org/10.1136/injuryprev-2019-043296
https://www.healthdata.org/sites/default/files/files/policy_report/2019/GBD_2017_Booklet.pdf
https://www.healthdata.org/sites/default/files/files/policy_report/2019/GBD_2017_Booklet.pdf
https://www.nivel.nl/en/nivel-primary-care-database
https://www.cbs.nl/en-gb/society/population
https://www.cbs.nl/en-gb/society/population


Page 11 of 11Spronk et al. Archives of Public Health            (2023) 81:3  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 30. Ev Z, Koppes L, Mv B, Cv S, Verheij R. Brandwonden bij de huisarts: 
vóórkomen, risicofactoren en behandeling. Utrecht: Nivel; 2018.

 31. Dokter J, Vloemans A, Beerthuizen G, Van der Vlies C, Boxma H, 
Breederveld R, et al. Epidemiology and trends in severe burns in the 
Netherlands. Burns. 2014;40(7):1406–14.

 32. VeiligheidNL. Letsel informatie Systeem. Amsterdam; 2019. https:// 
www. veili gheid. nl/ onder zoek/ onder zoeks vormen/ lande lijke- monit 
oring.

 33. Panneman M, Blatter B. Letsel Informatie Systeem - Representatief voor 
alle SEH’s in Nederland? Amsterdam: VeiligheidNL; 2016.

 34. Gaakeer M, Brand van den C, Veugelers R, Patka P. Inventory of attend-
ance at Dutch emergency departments and self-referrals (Inventa-
risatie van SEH-bezoeken en zelfverwijzers). Ned Tijdschr Geneeskd. 
2014;158:A7128.

 35. Organization WH. ICD-10: international statistical classification of 
diseases and related health problems: tenth revision. 2004.

 36. Panneman M, Stam C, Wijnstok N, Blatter B. De SEH-extrapolatiefactor 
- Methode voor schatting van het aantal SEH bezoeken door letsel in 
Nederland. Amsterdam: VeiligheidNL; 2017.

 37. Gommer A, Gijsen R. Onderzoek naar schatting van landelijk aantal SEH-
bezoeken op basis van Letsel Informatie Systeem (LIS): Rijksinstituut voor 
Volksgezondheid en Milieu; 2016. https:// rivm. openr eposi tory. com/ bitst 
ream/ handle/ 10029/ 613654/ 2015- 0217. pdf? seque nce=3.

 38. Dutch Hospital Data. Landelijke Basisregistratie Ziekenhuiszorg. Utrecht; 
2019. https:// www. dhd. nl/.

 39. Centraal Bureau van de Statistiek. Statistiek Niet-Natuurlijke Dood: Den 
Haag; 2019.

 40. Statistics Netherlands. Deaths; underlying cause of death 2019. Available 
from: https:// opend ata. cbs. nl/ statl ine/ portal. html?_ la= en&_ catal og= 
CBS& table Id= 7052e ng&_ theme= 1051.

 41. Haagsma JA, Polinder S, Lyons RA, Lund J, Ditsuwan V, Prinsloo M, et al. 
Improved and standardized method for assessing years lived with dis-
ability after injury. Bull World Health Organ. 2012;90(7):513–21.

 42. Institute for Health Metrics and Evaluation. Global Burden of Dis-
ease Study 2017 (GBD 2017) Life Tables 1950-2017 2017. Avail-
able from: http:// ghdx. healt hdata. org/ record/ global- burden- disea 
se- study- 2017- gbd- 2017- life- tables- 1950- 2017.

 43. Dicker D, Nguyen G, Abate D, Abate KH, Abay SM, Abbafati C, et al. Global, 
regional, and national age-sex-specific mortality and life expectancy, 
1950–2017: a systematic analysis for the global burden of disease study 
2017. Lancet. 2018;392(10159):1684–735.

 44. Roth GA, Abate D, Abate KH, Abay SM, Abbafati C, Abbasi N, et al. Global, 
regional, and national age-sex-specific mortality for 282 causes of death 
in 195 countries and territories, 1980–2017: a systematic analysis for the 
global burden of disease study 2017. Lancet. 2018;392(10159):1736–88.

 45. Foreman KJ, Lozano R, Lopez AD, Murray CJ. Modeling causes of death: 
an integrated approach using CODEm. Popul Health Metrics. 2012;10(1):1.

 46. Hay SI, Abajobir AA, Abate KH, Abbafati C, Abbas KM, Abd-Allah F, et al. 
Global, regional, and national disability-adjusted life-years (DALYs) for 333 
diseases and injuries and healthy life expectancy (HALE) for 195 countries 
and territories, 1990–2016: a systematic analysis for the global burden of 
disease study 2016. Lancet. 2017;390(10100):1260–344.

 47. Smolle C, Cambiaso-Daniel J, Forbes AA, Wurzer P, Hundeshagen G, Bran-
ski LK, et al. Recent trends in burn epidemiology worldwide: a systematic 
review. Burns. 2017;43(2):249–57.

 48. Cerrato J, Cifre E. Gender inequality in household chores and work-family 
conflict. Front Psychol. 2018;9:1330.

 49. Vloemans A, Dokter J, Van Baar M, Nijhuis I, Beerthuizen G, Nieuwenhuis 
M, et al. Epidemiology of children admitted to the Dutch burn centres. 
Changes in referral influence admittance rates in burn centres. Burns. 
2011;37(7):1161–7.

 50. Duke J, Wood F, Semmens J, Spilsbury K, Edgar DW, Hendrie D, et al. A 
26-year population-based study of burn injury hospital admissions in 
Western Australia. J Burn Care Res. 2011;32(3):379–86.

 51. Panneman MJ, Blatter BM, Gaakeer MI, Jansen T, van Beeck EF. Decrease 
in minor injury related visits to emergency departments coincides 
with higher numbers of primary care contacts. Ned Tijdschr Geneeskd. 
2020;164:D4867.

 52. Spronk I, Legemate CM, Polinder S, van Baar ME. Health-related quality 
of life in children after burn injuries: a systematic review. J Trauma Acute 
Care Surg. 2018;85(6):1110–8.

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

https://www.veiligheid.nl/onderzoek/onderzoeksvormen/landelijke-monitoring
https://www.veiligheid.nl/onderzoek/onderzoeksvormen/landelijke-monitoring
https://www.veiligheid.nl/onderzoek/onderzoeksvormen/landelijke-monitoring
https://rivm.openrepository.com/bitstream/handle/10029/613654/2015-0217.pdf?sequence=3
https://rivm.openrepository.com/bitstream/handle/10029/613654/2015-0217.pdf?sequence=3
https://www.dhd.nl/
https://opendata.cbs.nl/statline/portal.html?_la=en&_catalog=CBS&tableId=7052eng&_theme=1051
https://opendata.cbs.nl/statline/portal.html?_la=en&_catalog=CBS&tableId=7052eng&_theme=1051
http://ghdx.healthdata.org/record/global-burden-disease-study-2017-gbd-2017-life-tables-1950-2017
http://ghdx.healthdata.org/record/global-burden-disease-study-2017-gbd-2017-life-tables-1950-2017

	The burden of disease of fatal and non-fatal burn injuries for the full spectrum of care in the Netherlands
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Data sources
	Ethical approval
	Incidence data
	Mortality data

	Calculations
	Years lived with disability
	Years of life lost
	Disability-adjusted life-years


	Results
	Number of patients and deaths due to burns
	Burden of disease of burn injuries
	Burden of disease of burn injuries according to sex
	Burden of disease of burn injuries according to age
	Burden of disease of burn injuries according to age and sex

	Burden of disease of burn injuries in 2014-2018

	Discussion
	Conclusion
	Acknowledgements
	References


