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Abstract

Background The burden of disease (BOD) approach, originating with the Global Burden of Disease (GBD) study

in the 1990s, has become a cornerstone for population health monitoring. Despite the widespread use of the Disa-
bility-Adjusted Life Year (DALY) metric, variations in methodological approaches and reporting inconsistencies hinder
comparability across studies. To tackle this issue, we set out to develop guidelines for reporting DALY calculation stud-
ies to improve the transparency and comparability of BOD estimates.

Methods and Findings The development of the STROBOD statement began within the European Burden of Disease
Network, evolving from initial concepts discussed in workshops and training sessions focused on critical analysis

of BOD studies. In 2021, a working group was formed to refine the preliminary version into the final Standardised
Reporting of Burden of Disease studies (STROBOD) statement, consisting of 28 items structured across six main sections.
These sections cover the title, abstract, introduction, methods, results, discussion, and open science, aiming to ensure
transparency and standardization in reporting BOD studies. Notably, the methods section of the STROBOD checklist
encompasses aspects such as study setting, data inputs and adjustments, DALY calculation methods, uncertainty
analyses, and recommendations for reproducibility and transparency. A pilot phase was conducted to test the effi-
cacy of the STROBOD statement, highlighting the importance of providing clear explanations and examples for each
reporting item.

Conclusions The inaugural STROBOD statement offers a crucial framework for standardizing reporting in BOD
research, with plans for ongoing evaluation and potential revisions based on user feedback. While the current version
focuses on general BOD methodology, future iterations may include specialized checklists for distinct applications
such as injury or risk factor estimation, reflecting the dynamic nature of this field.
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Introduction

The burden of disease (BOD) approach gained promi-
nence in the 1990s, with the launch of the first Global
Burden of Disease (GBD) study. Today, the Institute for
Health Metrics and Evaluation has transformed the GBD
study into a worldwide collaborative effort, generating
estimates for 371 diseases and injuries, and 88 risk fac-
tors, in 204 countries and territories [1]. Furthermore,
several countries are conducting national BOD studies,
and several international organisations have embraced
the BOD approach [2-5]. Central to this approach is the
Disability-Adjusted Life Year (DALY), which allows inte-
grating the impact of morbidity and mortality into a sin-
gle population health indicator, thereby providing a more
comprehensive basis for evaluating, comparing, and
ranking the health impact of diseases, injuries, and risk
factors. Motivated by the strength of the DALY metric,
it is also increasingly used in cost-effectiveness analyses,
health impact assessments, and quantitative microbial
risk assessments [6, 7].

Although the general concept of the DALY metric
is well established, there are various methodological
choices and assumptions to be made when calculat-
ing DALYs [6, 8, 9]. Recent systematic literature reviews
of European BOD studies have shown a wide variety in
methodological assumptions used to quantify DALYs, but
also important inconsistencies in the reporting of meth-
ods and particular assumptions [2, 10, 11, 11, 12]. For
instance, studies differ in the choice of the reference life
table for calculating Years of Life Lost (YLL) (e.g., aspi-
rational versus national life expectancies [10, 11, 11]), in
the use of specific sets of disability weights (e.g., GBD or
national elicitation exercises [13, 14]), or in the applica-
tion of social weighting functions (i.e., age weighting and
time discounting [2, 11]). This methodological heteroge-
neity, and the lack of consistent reporting, hampers inter-
pretation and comparability of BOD estimates, thereby
limiting the power of the DALY metric as a tool for rank-
ing and prioritisation. For instance, Wyper et al. [14] have
documented that the choice of the reference population
used in calculating age-standardised rates can have a
major impact on the results, rankings, and conclusions.

To address this challenge, we introduce the Standard-
ised Reporting of Burden of Disease studies (STROBOD)
statement.

Aim and scope

The aim of the STROBOD statement is to serve as a
standard protocol for reporting DALY calculations. The
widespread application of the STROBOD statement
will increase consistency and transparency in reporting
of BOD studies, which will enhance usability of BOD
estimates. The statement will furthermore serve as an
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educational tool, as it helps researchers and students to
understand the different choices and assumptions that
need to be made when calculating DALYs. The STRO-
BOD statement is however not intended to serve as a tool
to assess the quality of BOD studies or estimates.

The STROBOD statement focuses on the DALY meth-
odology, and can be used in combination with other
reporting guidelines. For instance, the Guidelines for
Accurate and Transparent Health Estimates Reporting
(GATHER) can be used to describe input data and esti-
mation methods for new global health estimates [15].
Likewise, the Consolidated Health Economic Evaluation
Reporting Standards (CHEERS) statement can be used
when reporting on health economic evaluations [16], of
which a DALY calculation can be a subcomponent.

Development of the STROBOD statement

The basic idea of the STROBOD statement was proposed
within the context of the European Burden of Disease
Network (COST Action CA18218) [17].

A preliminary version of the statement was developed
by BD in the context of workshops and training schools
on the general concepts of BOD, where it was used as a
tool to support an exercise on critical reading of BOD
studies. This version included basic items on study set-
ting, data adjustments, DALY methods, and uncertainty.
Throughout the workshops and training schools, the rel-
evance of the tool was established.

In 2021, a working group was established to further
develop this preliminary version into an initial version of
the STROBOD statement. This working group consisted
of the Core Group members of the European Burden of
Disease Network, and met online on regular intervals
throughout 2023. In initial meetings, the organisation
of the working group was defined, and the scope, pur-
pose and structure of the statement was discussed. It was
decided to include a pilot phase and an additional appen-
dix with a detailed explanation of each item, including
examples. The scope was defined to be generic, thereby
excluding specific methods involving, for example, injury
BOD calculations or comparative risk factors (for which
add-on statements could be developed). The purpose
was defined to be descriptive rather than normative. The
structure was defined to be similar to existing statements
such as GATHER and CHEERS.

Based on the discussions in the working group, it was
decided to add a number of items to the preliminary ver-
sion, so that the STROBOD statement would cover all
relevant aspects of a scientific manuscript or report. We
thus included sections on the title, abstract, introduc-
tion, results, discussion, and open science. The decision
to include the latter section was made to emphasise that
future BOD studies should be both easily accessible and
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reproducible. Specific adjustments were made to the
items in the methods section. Detailed questions on dif-
ferent data adjustment steps were merged into one item,
and an extra item was added on the listing of epidemio-
logical input parameters. Likewise, items were added
on the durations and conditional probabilities used in
disease model(s), while the preliminary version only
included items on disability weights. Discussions in the
working group mainly were linked to the description
of the items in the statement table. The supplementary
file with detailed explanations and examples provided
a way to accommodate requests for further detail (52
Appendix).

To test the initial protocol, a pilot phase was run by
applying it to peer-reviewed published BOD papers. The
pilot was conducted by postgraduate supervised students
of the Core Group members, while the set of papers used
in this test differed widely in scope and complexity. The
test applications further highlighted the need to provide
clear and detailed explanations and examples for each of
the items.

The STROBOD statement

STROBOD comprises a checklist of 28 items (Table 1).
For each item, the authors need to specify on which page
the relevant information can be found. An electronic
version of the checklist and a more detailed explanation
and elaboration document, describing the interpretation
and rationale of each reporting item along with exam-
ples of good reporting, are available in the appendix (52
Appendix).

The STROBOD reporting items are structured in six
main sections — i.e., title, abstract, introduction, meth-
ods, results, discussion, and open science (S3 Appendix).
The title needs to clearly identify the study as a BOD
assessment, to facilitate retrieval via database searches.
The abstract needs to present key findings, while the
introduction needs to present the policy relevance of
the study. Most of the items of the checklist relate to the
study methods. Authors need to define the study setting
(in terms of causes, reference population, and reference
year), and describe all data inputs, including methods for
data adjustments. Specific DALY calculation methods
include the Years Lost due to Disability (YLD) perspec-
tive, valuation used in Years of Life Lost (YLL) calcula-
tions, disease model with disability weights, durations
and severity distributions, and possible multimorbidity
adjustments and social weighting. Uncertainty analy-
ses are recommended, and include assessing parameter
uncertainty and performing scenario and sensitivity anal-
yses. The results should be presented in a way that sup-
ports comparability, and should be discussed in light of
previous evidence, in particular focussing on differences
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arising through different DALY methods or data manip-
ulations. Finally, it is recommended to make the source
code available, and describe funding source and conflict
of interests.

Implications and limitations

This first version of the STROBOD statement provides a
valuable new resource for BOD researchers and experts.
We will actively promote its uptake and use, so that it can
become a standard in the field. It is also intended that the
STROBOD statement will be evaluated over time, and
possibly revised in light of user experiences.

The STROBOD statement focuses on general BOD
methodology. Specific applications, such as the esti-
mation of DALYs for injuries or risk factors, require
dedicated checklists. For instance, injury BOD stud-
ies are typically based on an integration of information
on the cause-of-injury, which pertains to the intent and
mechanism of injury, and the nature-of-injury, which
pertains to the type of injury and the severity of their
consequences [11]. Likewise, BOD studies for risk fac-
tors require additional information on the exposure to
the concerned risk factor, and the associations with the
concerned health outcomes. The integration of these
additional inputs come with additional methodological
challenges [18]. To address these specific needs, it is fore-
seen that the STROBOD statement can form the basis
for add-on checklists dedicated to these specific appli-
cations. Although the STROBOD statement is intended
for studies estimating DALYs, we encourage that studies
exclusively estimating YLL, or YLD, can also adhere to
the statement by completing the relevant checklist items.
In addition to these add-on checklists, we also foresee
that the STROBOD statement can be used in comple-
ment to other statements, such as GATHER [15]. Indeed,
STROBOD has a specific focus on the DALY metric,
while GATHER applies to any health metric—STRO-
BOD thus provides specific detail on the methodological
choices and assumptions specific to the DALY, which is
a level of detail that exceeds the scope of GATHER. Vice
versa, GATHER has a stronger focus on the statistical
modelling techniques used to generate coherent global
health estimates, which exceeds the scope of STROBOD.

The STROBOD statement supports reporting of BOD
studies, but does not provide practical guidance on how
to perform a BOD study or translate the results to end
users. To understand the practical steps in a BOD study,
researchers may refer to Devleesschauwer et al. [9] and
also benefit from existing tools such as the software tool
for burden of infectious disease calculations [19]. Knowl-
edge translation of BOD estimates is an area of active
development, and is described in more detail by Lund-
kvist et al. [20] and Cuschieri et al. [21].
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Table 1 STROBOD checklist of items that should be included in reports of Disability-adjusted life year calculations

Item number Domains and description of the recommended items Reported
on page
number

Title

1 Identify the study as a burden of disease assessment by including keywords (e.g., Years

of Life Lost, Years Lost due to Disability, Disability-Adjusted Life Years, burden of disease
etc.), and describe the study setting

Abstract

2 Provide a summary of objectives, study setting, methods (including data sources and key

Introduction
3

Methods
Study setting
4

Epidemiological and demographic input data
7

Daly methods
10

1

Disease model
12

methodological design choices used), results (including point estimates and, if applica-
ble, uncertainty intervals), and conclusions

Present background information to the study, its study aim(s), and its relevance for health
policy or practice

Report for which cause(s) the burden was calculated. Provide a case definition, e.g.,
in terms of an internationally recognized classification system such as the International
Classification of Diseases and Related Health Problems 10th Revision

Report the reference population and any stratification of the reference population

for the burden of disease assessment, i.e., the population for which the burden was cal-
culated. This may include the geographical location (e.g., country or province/state),
and whether the general population or a specific subset of the population (e.g., females,
adolescents aged 10-19 years, etc.) was considered

Report the reference time period (e.g., year(s), month(s)) of the study. This refers
to the time period to which the burden of disease estimates refer

Report the sources, values, ranges, and, if used, probability distributions for all epidemio-
logical input parameters. Report reasons or sources for distributions used to represent
uncertainty where appropriate. Providing a (supplementary) table to show all epidemio-
logical input parameters and respective sources and assumptions is strongly recom-
mended

Describe all possible data manipulations, such as bias corrections, data integration steps,
or methods to ensure internal consistency of the data inputs

Report the sources and values of any population data used. If applicable, report
the standard population used to calculate age-standardized rates

Report the age-conditional life expectancy used for calculating Years of Life Lost (i.e,,
national, regional, or aspirational life tables) or other methods (e.g., potential years of life
lost, proportion of premature deaths under a selected age threshold etc)

Report the perspective taken for calculating Years Lost due to Disability, i.e., incidence
or prevalence perspective

Describe the disease model. Present and justify the included health outcomes and health
states. Providing a (supplementary) figure visualizing the disease model is strongly
recommended

Report the source(s) and values of the used disability weights. Providing a (supplemen-
tary) table depicting the health states, brief lay descriptions, and the numerical values
followed by its uncertainty intervals is strongly recommended

If new disability weights were elicited, provide information on how the health states were
described and the elicitation procedures. As a minimum to the latter, describe which
valuation technique was used and which reference group and size of the group (also
known as panel of judges) evaluated the health states. Providing a supplementary table
with a description of the valuation technique and brief lay descriptions used is strongly
recommended

Report the source(s) and values of the used durations (if applicable). Providing a (sup-
plementary) table depicting the health states and the numerical values followed by its
uncertainty intervals is strongly recommended
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Table 1 (continued)

Item number Domains and description of the recommended items Reported
on page
number

16 Report the source(s) and values of the used conditional probabilities, severity distribu-

tion, and/or transition rates. Providing a (supplementary) table depicting the parent/child
health outcomes and health states and the numerical values followed by its uncertainty
intervals is strongly recommended

Multimorbidity adjustments

17 Report whether or not multimorbidity adjustments were applied to any of the input
variables in the estimation of Years Lost due to Disability. If applied, describe which multi-
morbidity adjustment method was used

Social weighting factors

18 Report whether or not age weighting was applied. If applied, describe which parameters
were used
19 Report whether or not time discounting was applied. If applied, describe which discount

rate was used

Uncertainty and scenario analysis

20 Describe any methods used to perform uncertainty and variable importance (sensitivity)
analyses. If, for example, Monte Carlo simulations were used, report the number of itera-
tions

21 Describe any scenario analyses that were performed. Present the rationale and the alter-
native data inputs defining the alternative scenarios

Results

22 Report the point estimates and, if applicable, the uncertainty interval of the burden
of disease estimates. Provide both absolute values, crude rates (optional), and age-stand-
ardized rates per 100,000 in a table or figure

23 If applicable, report the results of the scenario analyses. Tables and/or figures illustrating
findings on the scenario analyses are strongly recommended

Discussion

24 Summarise the key study findings and describe how they support the conclusions
reached

25 Discuss how the findings fit within current knowledge. Discuss potential implications
for public health practice. Compare the results with those of other studies, and discuss
methodological design differences, if relevant

26 Discuss strengths and limitations, and the generalisability of the study findings. If applica-

ble, discuss the results of the uncertainty and scenario analyses

Open science

27 Make the source code or computational model(s) available as supporting information
or via a dedicated open access repository (e.g., GitHub)

28 Describe how the study was funded and the role of the funder in the identification,
design, conduct, and reporting of the analysis. Describe other non-monetary sources
of support or any potential conflict(s) of interest of the study contributor(s) in accordance

with the journal policy

The STROBOD statement was developed within the
context of the European Burden of Disease Network,
with specific inputs from the network’s Core Group. As a
consequence, inputs from BOD experts from other con-
tinents were not sought, nor was the broader scientific
community consulted. Despite the significant variability
in the application of BOD methodology, we did not dis-
cern any distinct geographical patterns in this diversity.
This suggests that our current working group possessed
a sufficiently comprehensive perspective on BOD meth-
odology and reporting requirements. Moreover, the

decision to develop the statement exclusively with BOD
experts was purposeful, given the specialized nature of
this methodology within the broader scientific commu-
nity. Nevertheless, we eagerly anticipate the implementa-
tion of the statement in the field, its incorporation into
publications, and its use in future training initiatives.

To encourage the adoption of the STROBOD state-
ment, we will proactively engage with the EQUATOR
network and editors of relevant scientific journals
to advocate for its endorsement as a standard prac-
tice in BOD studies. Future activities will also include
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an application of the statement to published papers,
to structurally assess the completeness and quality of
reporting of published BOD papers—and to assess
how well the current version of the statement is under-
stood by researchers. A first application of the state-
ment to the GBD study (see S4 Appendix) highlighted
that certain methodological choices, such as social
weighting factors—explicitly excluded from GBD stud-
ies—may still hold relevance for national BOD stud-
ies and should be reported accordingly. Additionally,
the use of the STROBOD statement underscored the
importance of thoroughly documenting methodologi-
cal decisions, including data sources and adjustments,
as it significantly improves the transparency and clarity
of BOD estimates. We are committed to learning from
these experiences, and fostering ongoing discussions
with experts and institutions from around the world.
Based on these inputs, we anticipate making necessary
revisions to the statement, and publishing improved
versions of the statement, and extensions to specific
topics.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512963-024-00347-9.
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