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1.1. COST OF ILLNESS DEFINITION

Cost of illness is a summary of the costs of a particular disease to society (1). When combined
with data on morbidity and mortality, cost of illness studies can help to rank diseases according
to their overall burden. In addition, cost of illness studies can help to identify the main cost
components and their contribution to the total costs, so that decision-makers can develop targeted
cost-containment measures (2). Cost of iliness studies are also often used as an input for other
health economic studies such as cost-effectiveness and cost-utility analyses. The latter are an
important tool to support decisions on resource allocation in health care to ultimately improve the
health of the population.

1.2. TYPES OF COST OF ILLNESS STUDIES

Cost of iliness studies are often placed into different categories: they may be prevalence-based
or incidence-based depending on the epidemiological data used, and may use top-down, bottom-
up, or econometric approaches to estimate costs.

In prevalence-based costs of illness studies the direct costs and production losses attributed to
all cases of a particular disease in a given year are estimated. The results of prevalence-based
cost of iliness studies are particularly useful for drawing attention to the burden of a particular
disease and for planning cost containment policies (2). In incidence-based cost of iliness studies
on the other hand, direct costs and productivity costs associated with a given disease are
calculated over a longer period of time, for example a lifetime, and assigned to the year that the
disease first occurred. This approach is most useful for estimating potential savings associated
with preventive measures, and for analysing the management of a disease from its onset until the
end-of-life (2).

In addition, there are different ways to calculate costs. With the top-down approach, total national
health care expenditures are allocated by type of care (e.g., hospital care, physicians’ services)
to different broad disease categories. These categories can for example be based on the
International Classification of Diseases (ICD-10). All expenditures are allocated to the primary
diagnosis, so that all costs add up to the total national health expenditure. Top-down cost of iliness
studies are typically prevalence-based (2). Examples of such top-down cost of illness studies
starting from the total health expenditure can be found in the Netherlands (3) (see Section 5),
Canada (4), and Germany (5).

In the bottom-up approach the average costs of treating a disease are calculated by multiplying
the unit costs of all different treatment components by the average amount of utilization. The result
is then multiplied by the prevalence of the disease to estimate total costs (6).

A third way to estimate costs ‘attributable’ to a disease is to compare costs of individuals with and
without a disease by matching samples or using regression analyses. An example of a cost of
illness study based on regression analyses is the one by Gorasso et al., (2022). The authors used
a national health data set to compare a population with excess body weight (overweight and
obesity) to a population with normal body weight, and controlled for age, sex, education, and
behavioural risk factors including alcohol use, smoking, poor diets and physical activity. The
resulting yearly incremental costs were multiplied by the prevalence of overweight and obesity to
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achieve an estimate of the yearly healthcare costs and productivity loss associated with excess
body weight in Belgium (7).

1.3. PRODUCTIVITY LOSSES AND PATIENTS’ COSTS

Generally, the cost categories that are included in a cost of illness study are determined by the
study perspective. Considering that the aim of the cost of iliness study is to provide a summary of
the costs of a particular disease to society, a societal perspective would often be most
appropriate. This perspective implies that direct costs of treating the disease such as healthcare
system costs for diagnosis, treatment and management of disease progression are included, but
also patients’ own costs (travel, over-the-counter medication), as well as indirect costs such as
productivity loss resulting from time off employment (1,8).

As an example, a frequently cited problem with top-down cost of illness study is that they do not
include costs categories that are not included in the national health care expenditures, for
example costs associated with transport or informal care. Indeed, the size of these non-health
costs may differ greatly by the different disease categories (2). Depending on the specific
methodologies used and the availability of data, this problem may also occur in bottom-up and
econometric cost of illness studies.

However, more narrow perspectives (e.g., health care system perspective) may be appropriate
depending on the intended audience for the study and the way in which the study results will be
used.

1.4. PROPOSED APPROACH AND DATA SOURCES

For the cost of illness study in the context of the Belgian National Burden of Disease Study, we
propose a prevalence-based, econometric approach to estimate the ‘attributable costs’ for
different diseases in Belgium in a given year. This implies that we will compare the health
expenditure for people with and without a disease of interest. Considering that the main source
of health expenditure data will be the InterMutualistic Agency (IMA) database, we will include
direct medical costs from the perspective of the healthcare payer only. These include direct
healthcare costs paid for in the context of the compulsory national scheme for health insurance
and disability benefits, as well as official patients’ copayments and supplements. In future
iterations of the study, however, the perspective and scope might be expanded.

1.5. COLLABORATION WITH OECD

Recently, Sciensano started an informal collaboration with the OECD Expert Group on the
Economics of Public Health (EGEPH). The EGEPH works on a project that aims to among other
things improve healthcare expenditure estimates by training neural networks using individual-
level data on use of healthcare services and related expenditure. The overall aim of the project is
to improve the breadth and quality of the OECD modelling-based work on public health (see (24)).

In the context of the current collaboration, the OECD team will share the code to run the analyses
with the Sciensano team. The Sciensano team will apply the code to the HISLink dataset to train
the neural networks, and return the outputs from the analyses to the OECD team. By engaging in
this effort, we will contribute to the work of the OECD, but we will also be able to use the tool to
make our own health expenditure estimates to complement the BeBOD study.



2.1. LINKING HEALTH EXPENDITURES TO DIAGNOSES

To estimate the costs attributable to a certain disease using an econometric approach, we need
data on health expenditures for individuals with and without the disease. Health expenditure data
are available in the IMA database. However, this database does not contain explicit information
on the health status of the individual. Therefore, the health expenditure data need to be linked to
data from other databases that contain information on an individual's health status (i.e.,
diagnoses). To this end, an inventory of existing databases that link health expenditure and
diagnosis was made. The results of this exercise are described in this section. Considering that
the databases differ in structure and data availability, a description of the specific suggested
methodology per database is also provided (Section 4).

In Belgium, 99% of the population is covered by the compulsory health insurance. This insurance
partly or in some cases fully covers the costs of a wide range of medical and paramedical services
and pharmaceuticals. The 1% that is not covered are people whose administrative requirements,
financial requirements, or both, have not been fulfilled. This calculation does not include irregular
migrants and people covered by other insurance schemes (e.g., non-Belgians working for
international organizations) (9).

The administrative management of the health insurance is carried out by seven health insurance
organizations, the “mutualiteiten - mutualités”. In 2002, an agency tasked with the collection and
analysis of data from the seven health insurance organizations was founded: the InterMutualistic
Agency (IMA). IMA manages a database that contains the Pharmanet and Gezondheidszorg —
Soins de Santé (GZSS) datasets, as well as socio- demographic data for all Belgian citizens with
(compulsory) health insurance (the ‘Population’ dataset). The IMA database is not a linked
database in itself, but has been linked to other databases, such as those from the Belgian Health
Interview Survey (HIS) and the Belgian Cancer Registry (BCR).

2.1.1.1. Pharmanet

Since 1996, the National Institute for Health and Disability Insurance (RIZIV-INAMI) collects data
within the Pharmanet framework to monitor general practitioners’ and specialist physicians’
prescribing practices. Within the framework, data are collected by prescriber on the
pharmaceutical supplies (e.g., magistral preparations, diabetic sterile syringes) delivered by
public dispensaries (i.e., pharmacies) and stored in a database. The focus of the Pharmanet
database is exclusively on reimbursed prescription drugs in ambulatory medicine delivered by
public dispensaries. The database includes the costs (i.e., costs reimbursed by the health
insurance, patient co-payments, and supplements) of these medications. The unique beneficiary
identification number in the Pharmanet database is kept for a period of three years.

RIZIV-INAMI uses the Pharmanet data among other things to identify the occurrence of specific
pathologies in the Belgian population. To this end, experts constructed a list of so called “pseudo-
diagnoses”, or “pseudo-pathologies” based on the delivery of drugs in the public pharmacies,
using codes from the Anatomical Therapeutic Chemical Classification System (ATC codes). This
system of alphanumeric codes was developed by the World Health Organization for the
classification of drugs and other medical products. An individual in the database is marked as



being affected by a certain pseudo-pathology when the sum of the Defined Daily Dose (DDD) in
the reference year is equal to or higher than ninety. The DDD is a unit of measurement defined
as the assumed average maintenance dose per day for a drug used for its main indication in
adults (10).

2.1.1.2. Gezondheidszorg — Soins de Santé

Since January 2014, the IMA database also contains a permanent healthcare dataset called
GZSS. For all insured persons within the mandatory health insurance, this dataset contains details
of their reimbursed healthcare provisions using nomenclature codes, which is a coded list of the
healthcare provisions partially or totally reimbursed by the healthcare insurance. Information on
reimbursed prescription drugs in hospitals pharmacies is also available.

2.1.1.3. Echantillon permanent — Permanente steekproef

For research purposes, the IMA created the permanent sample (EPS). The EPS is a sample of
1/40 of the population in the entire IMA database, with an oversampling of 1/20 of the population
older than 65 years. A legal framework regulates the modalities for using the EPS to study and
monitor health care consumption and expenditure in Belgium. Data are available from 2002
onwards. In contrast to the Pharmanet dataset, the EPS data represent a longitudinal dataset with
a patient identifier that does not expire.

In the HIS, Sciensano collects information on the health status, lifestyle and medical consumption
of a representative sample of the general Belgian population, including community-dwelling older
people. Information is also collected on a wide range of sociodemographic background
characteristics. Interviews are carried out through a face-to-face interview and a self-complete
guestionnaire. The basic sample consists of 10,000 persons but oversampling of specific
population groups is possible. By using weighting factors representative results can be calculated
at the level of the total population. To date, the HIS has been organized in Belgium in 1997, 2001,
2004, 2008, 2013, and 2018. The next HIS will take place in 2023.

Recently, the data from the 2013 and 2018 HIS were linked with the health insurance data from
the IMA database in the context of the Linkage of Health Interview Survey Data with Health
Insurance Data (HISLink) project. The project was carried out by Sciensano in collaboration with
IMA and Statistics Belgium, and funded by RIZIV-INAMI. Through individual linkage of the HIS
data with the IMA database, some of the shortcomings of the health insurance data (no
information on non-reimbursed health care use, no link between health care use and health
needs, and scarce information on socio-demographic characteristics) could be overcome. This
allowed to answer policy-relevant questions that cannot be answered by analysing each of the
databases separately (11).

The Belgian public health authorities collect records for all hospital stays in general hospitals in
the Minimum Clinical Data (MCD). MCD registration for hospitalized patients was developed in
the 1980s and became compulsory in 1990.

The MCD contain relevant clinical data (e.g., the primary and secondary diagnosis recorded for
the hospital stay) and patients’ demographic characteristics. The MCD are used to assign



hospitalized patients to Diagnosis Related Groups (DRGS). In 1995, All Patient DRGs (AP-DRGS)
were used to group patients to allow comparisons between hospitals for financial purposes. In
2002, the AP-DRGs were replaced by the APR-DRGs (All Patient Refined DRGs, 3M HIS version
15.0) that take the severity of the illness into account.

In 2009, an integrated system for data collection called the Minimum Hospital Data (MHD-MZG-
RHM) was launched. The Minimum Hospital Data Set integrates the MCD, the Minimum Nursing
Data (MND) and the Medical Urgencies Data (MUG). These hospital discharge data are mainly
collected as a tool for the measurement of hospital needs for public financing, and for the
evaluation of the effectiveness and quality of hospital care. Other possible use cases for the data
are internal management and to determine population needs through epidemiological studies.

The entity responsible for the management and processing of the hospital data is the Technische
Cel — Cellule Technique (TCT) from RIZIV-INAMI and FPS Public Health (12). The TCT already
linked and validated the Minimum Hospital Data from FPS Public Health with billing data obtained
from the insurance institutions. The link between the two datasets was made via the identification
number of the hospitalized patient with his insurance institution or via the social security ID (NISS)
number delivered to the TCT, after irreversible coding, by the hospitals and the insurance
institutions (13). The TCT publishes the average expenditures per hospital stay (minimum one
overnight stay) for the different APR-DRGs. These expenditures include the costs reimbursed by
the insurance institutions in the context of the mandatory health insurance scheme, and excludes
patients’ copayments (with a few exceptions), supplements, and costs reimbursed by additional
insurances.

Belgium has a nationally representative disease register for cancer, the BCR. The registry is a
secondary data source for which data are collected from hospital records and other healthcare
service records. The data on cancer diagnoses from the BCR has already been linked to the
expenditure data in the IMA database in the context of an existing project within Sciensano. It
should be noted that it concerns an ad hoc linkage of a specific sample of the total population of
people living with cancer, with information on a limited number of variables.

The Intego network, operational since 1994, is an electronic patient record (EPR)-based network
of 54 voluntarily participating general practitioner (GP) practices in Flanders which all use the
same EPR software. The network is coordinated by the Academic Centre for General Practice at
the KU Leuven and covers approximately 2% of the Flemish population. The Intego database
contains information on diagnoses (primarily based on the International Classification of Primary
Care (ICPC) coding system) and prescribed drugs. Aggregated results for the most common
disorders can be explored online via https://intego.gbiomed.kuleuven.be/intego-
apps/inc_prev_v0/ and https://www.intego.be/resultaten/tool.

Currently, Sciensano does not have access to linked Intego-IMA data. This link will therefore have
to be established as part of this project (see Section 4.5).


https://intego.gbiomed.kuleuven.be/intego-apps/inc_prev_v0/
https://intego.gbiomed.kuleuven.be/intego-apps/inc_prev_v0/
https://www.intego.be/resultaten/tool

3.1. BACKGROUND

The basic methodology for calculating the cost of illness (i.e., calculating incremental attributable
costs by comparing individuals with and without a disease) will be the same regardless of the
database that serves as a source for health status information (i.e., diagnosis). An exception are
the calculations based on the hospital discharge data (see Section 2.1.3), where disease-specific
costs per hospital stay are available and calculating incremental attributable costs will not be
necessary. The following section provides an outline of the basic methodology.

Previous cost of illness studies within Sciensano have made use of an econometric approach
based on multistage regression to estimate the incremental or attributable costs of among others
obesity and overweight (7) and musculoskeletal disorders (14). The approach uses multivariable
regressions with negative binomial distribution and log link to compute the marginal attributable
costs of a disease. Specifically, it concerns a generalized linear model (GLM). The GLM model
with negative binomial distribution and log link is needed because costs (the dependent variable
in the regression model) are not normally distributed. Indeed, some patients may have very high
costs, and others may have zero costs, making the distribution right skewed and truncated,
respectively (15). In addition, costs cannot be negative. The steps used in the previous studies
(7) carried out within Sciensano to estimate the attributable costs for different diseases are
presented in Annex |.

3.2. PROPOSED GENERAL METHODOLOGY

Based on the methodology outlined in Annex |, the following general, basic methodology is
proposed for calculating incremental attributable costs for different diseases in the current project.

As a first step, a descriptive analysis will be carried out to describe the study sample by group
membership. That is, the age (groups), sex distribution, and preferential reimbursement status for
the group of individuals with and without the disease will be described. Preferential reimbursement
status is mainly determined by household income and is often used as a proxy for socioeconomic
status. The results of this analysis can be presented in a table; an example of such a table can
be found in Balu & Thomas (16). This step will give an overview of the sample characteristics that
can be used to better interpret the results.

In a second step, the total healthcare expenditure by costs category, as well as the total costs
(i.e., mean and 95% confidence intervals) for the total sample and the two groups will be
calculated and presented in a table (see e.g., (7), Table 2). This step is needed to give an idea
about how the costs are distributed over the different cost categories, and how this may differ
from the group of individuals with the disease of interest compared to the group of individuals
without the disease.

The incremental costs will be calculated with a regression model and recycled predictions, as
described in Annex |. The covariates included in the regression will be age, sex, region, and
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socioeconomic status as evidenced by the preferential reimbursement status. These covariates
are chosen because they are available in the IMA population dataset, and will therefore be
available for all analyses, regardless of the database used in the linkage.

To reflect prediction and survey uncertainty (only for diseases analysed with the HISLink), means
and confidence intervals (Cls) will be computed via bootstrapping with 1000 replicates and 1000
Monte Carlo simulations drawn per replication (1000*1000 interactions) (see (7)).

As a last step, the incremental costs will be multiplied by the prevalence to obtain an estimate of
yearly total costs.

For diseases analysed with the HISLink, it is possible to also correct for behavioural
characteristics and other sociodemographic characteristics in an additional analysis (see Section
4.2.1). In some cases, it may also be useful to correct for comorbidities or test the contribution of
comorbidities to the incremental costs (see (7)). Whether these additional analyses are useful
and feasible to conduct depends on the disease and linked dataset and will be decided on a case-
by-case basis.
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This section outlines the specific methodologies and the practical implementation of the
methodology described in Section 3 per (linked) database. This section also provides an
indication of which database will be used for which type of diseases.

4.1. INTERMUTUALISTIC AGENCY ECHANTILLON PERMANENT — PERMANENTE
STEEKPROEF

For conditions or diseases for which there are homenclature codes or reimbursed drugs that are
specific to this disease, with high prescription rates for the service or drug in question, the
diagnosis data for the cost analysis will be derived from the IMA-EPS database. The Sciensano
team has permanent access to the EPS data.

The incremental costs will be calculated following the general methodology outlined in Section
3.

4.2. HISLINK

For diseases for which there is a specific question included in the HIS, and a low risk that the
guestion on this disease will lead to social desirability bias, the HISLink dataset will be used as
the source of information on diagnosis.

With the HISLink dataset, it is possible to include variables in the multivariable model that extend
beyond those included in the IMA-dataset such as age, sex, reimbursement status, and region.
Examples of these variables in the HISLink dataset include household education level, household
income level, and behavioural characteristics such as smoking status, alcohol use, eating
behaviour, and physical activity levels.

The additional variables from the HISLink dataset to be included in the final multivariable model
will be selected with a “double-selection” approach. This means that the final model will include
variables that predict either costs or disease status, identified with backward elimination
(significant at 10% level).

4.3. HOSPITAL DISCHARGE DATA (TECHNICAL CELL — CELLULE TECHNIQUE)

For diseases that are in most cases treated in the hospital, the hospital discharge data (Minimum
Hospital Data) will be used for diagnoses and costs.

The TCT publishes the average expenditures per hospital stay (minimum one overnight stay) for
the different APR-DRGs. These expenditures include the costs reimbursed by the insurance
institutions in the context of the mandatory health insurance scheme, and excludes patients’
copayments (with a few exceptions), supplements, and costs reimbursed by additional
insurances. The TCT also provides financial feedback by Major Diagnostic Category (MDC). Each
MDC corresponds to an organ system or aetiology of a disease and is usually associated with a
particular medical speciality. The DRGs are categorized into 25 MDCs, a pre-MDC group, and a
rest group (‘FF’) (see Annex ).
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In the context of the current project, we are interested in the average health expenditures per
patient for different diseases based on the ICD-10, whereby patients are selected based on the
primary diagnosis. The approach would therefore be to request these data by email from the TCT,
where possible split up by region, sex, and age groups. The estimated health expenditure for the
diseases for which we rely on the hospital discharge data would therefore not be based on
incremental costs (i.e., comparing cases and controls), but rather represent the disease-specific
costs incurred during hospitalization. These estimates will be combined with the prevalence of
the disease in question to come to an estimate of the total direct medical costs associated with
the disease.

Considering that the hospital discharge data concern average health expenditures per hospital
stay, it is possible that expenditures not directly related to the disease of interest are also included,
for example medication for diabetes. In addition, the data are limited to the costs incurred in
hospital, meaning that possible ambulatory and other costs associated with the pathology are not
included. It is worthwhile exploring a possible linkage of the hospital discharge data with IMA to
also gain an insight in these costs, for example by adding up all ambulatory and other costs per
person for the twelve months following the hospitalization. An additional further linkage with the
Crossroads Bank for Social Security (CBSS) would allow to extend the cost calculations to costs
associated with absenteeism (see e.g., (17) for an example of a cost of illness study using this
triple-linkage). The resulting overview of the cost of illness could be presented on the disease
level, as described above. Alternatively or additionally, the MDCs could be used, considering that
this high-level categorization is of particular interest to policy.

4.4. BELGIAN CANCER REGISTRY = INTERMUTUALISTIC AGENCY

Since the Belgian Cancer Registry includes data on almost all patients diagnosed with cancer in
Belgium, the costs of cancer will be assessed using the linked BCR-IMA database.

Considering the specific structure of the BCR database, a case-control study was proposed to
evaluate the incremental attributable costs of different cancers. The average annual incremental
cost of the general population will be compared to the costs incurred by the population that is
affected by cancer in a specific cancer site. Every prevalent cancer patient with an active
diagnosis in a predefined reference year will be included as well as a significantly acceptable
proportion of the overall insured Belgian population as controls (1 case and 4 controls matched
on age, gender, region, and preferential reimbursement status). A prevalent cancer patient is
defined as a patient who is alive in the reference year and who had a cancer diagnosis in the ten
years leading up to the reference year (i.e., 10-year prevalence).

The methodology for calculating incremental costs will follow the steps outlined in Section 3.2.
This means that even though the cases are already matched on age, gender, region, and
preferential reimbursement status, these variables will still be included in the general linear model,
too. This will lead to more precise estimates of the incremental costs associated with different
cancers.

4.5. INTEGO

For diseases that are known to be well-recognized in primary care, and for which people are
frequently in contact with general practitioners, the Intego database is the most appropriate
source of information for diagnosis.
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The Intego dataset has been linked with the IMA database before for the years 2011-2015 in the
context of PhD projects on prediction modelling at the KU Leuven. However, currently no linkage
accessible to Sciensano exists.

Therefore, the Sciensano team will prepare a linkage scheme for a new Intego-IMA linkage.
Variables that will have to be included from both databases (see Annex lll) to perform the
incremental costs analyses will be identified and an authorization request to the Information
Security Committee will be prepared.

Considering that the Intego database has limited coverage, approximately 2% of the Flemish
population, a matched case-control design based on linkage with IMA like the one used for the
BCR is not possible. After all, one cannot be certain that the individuals not included in the Intego
database, i.e., the controls that would be sourced from the IMA dataset, do not have the disease
of interest. Therefore, data on both cases (individuals with disease of interest) and controls
(individuals without the disease of interest) will have to be sourced from the Intego database.
Costs will be calculated as the average costs in the reference year and four follow-up years.

Given the data source, the incremental attributable costs will be calculated for Flanders only, and
not for the other regions. To calculate the total yearly costs for Belgium, the incremental
attributable costs calculated for Flanders will be combined with the national prevalence data,
based on the assumption that the incremental attributable costs will not differ substantially
between the regions.

According to the Intego database, 123,229 unique patients visited the general practices in the
Intego network in 2015. This is the yearly contact group. Of these patients, 1,989 had a chronic
alcohol abuse diagnosis (prevalence: 16.141 per 1,000 patients) (18). To calculate incremental
costs of chronic alcohol abuse in the Intego population, the Intego data regarding health status
(chronic alcohol abuse diagnosis or no chronic alcohol abuse diagnosis) of the individuals in the
yearly contact group will be linked to their corresponding IMA data. In this case, this would lead
to a maximum of 1,989 cases and 121,240 controls for the regression analysis.
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In the Netherlands, a top-down cost of illness study is conducted every four years by the
Rijksinstituut voor Volksgezondheid en Milieu (RIVM) on behalf of the Ministry of Health, Welfare
and Sport, based on health expenditure data supplied by Statistics Netherlands. The total health
expenditures for a given year are broken down by age, sex, and diagnosis (dimensions of care
demand) and sector, financing, care function (dimensions of care supply) (19). The diagnosis
dimension consists of 94 specific groups and 25 rest groups (20). The results are published on a
website (3).

In the Dutch study, total health expenditures are defined in four different ways, one of which
follows the System of Health Accounts (SHA) definition. The SHA was developed by the
Organisation for Economic Co-operation and Development (OECD) and is often used in
international comparisons. It includes all costs associated with treatment and care, with the
exception of nursing care (20). Providing estimates of national health care expenditure according
to SHA is mandatory for all Member States of the European Union (21). The Belgian estimates
are published on the Federal Public Service — Social Security website (21,22).

One of the aims of the current project was to explore the possibility of having a similar, top-down,
cost of illness study for the Belgian context, based on the SHA. The outcome of this exploration
was that it is probably not feasible to conduct similar research in Belgium. The sources that are
used to construct the health accounts only contain limited data that can be used to link expenditure
to diagnoses or pathologies. The data that is available mainly relates to screening and prevention,
and not to curative care.

The administrative data collected in the Belgian health care system allow to know with quite a
high level of precision how many procedures (e.g., MRIs) are reimbursed on a yearly basis and
at what costs. However, with the exception of very specific procedures and nhomenclature codes
(e.g., indental care), it is often hard or even impossible to determine the accompanying diagnosis.

The risk of not being able to allocate a large part of the health expenditure to diagnosis groups
outweighs the benefit of having a top-down cost of illness study for the Belgian context. Therefore,
it has been decided to focus on a regression-based analysis of incremental attributable costs for
different diseases instead.
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In a first step, the costs of patients with the disease and without the disease are compared by
using an indicator variable for group membership as the explanatory variable (univariate
regression, unadjusted model). The coefficient for the indicator variable represents the difference
in cost associated with being a member of the experimental group (patients with the disease)
compared to the control group (patients without the disease) (15). The unadjusted model also
allows to examine the relative contribution of the four different cost categories (ambulatory,
hospital, reimbursed medicines, and not specified) to the total (not: attributable) costs.

Since group membership is not random, in a second step additional dependent variables such as
age, sex, and other factors (depending on the availability of data) will be added to the model. The
independent variables or covariates included in the final multivariable model used to calculate the
incremental costs are selected from a group of candidate variables by means of ‘double selection’.
The double selection approach ensures that the final model only includes variables that either
predict the dependent variable (costs) or the independent variable (group membership)
(significant at the 10% level).

In a third step, incremental costs will be calculated at the individual level (patient) using the
method of recycled predictions, also called direct standardisation or g-computation. This method
allows to estimate the marginal effect from the disease on the health expenditure. Specifically,
the coefficients of the final regression model are used to make the following predictions:

Predicted healthcare costs for each individual given their observed disease status (group
membership)

Predicted healthcare costs for each individual assuming everyone is healthy (i.e., does not
have the disease of interest)

The predictions will then be used to calculate the incremental costs on the individual level
(difference between the first and second prediction).

For analyses based on the HISLink, the attributable costs of the disease will be calculated as the
survey-weighted average of the yearly individual incremental costs calculated in step three. This
step also includes computation of means and confidence intervals by means of bootstrapping and
Monte Carlo simulations, to reflect uncertainty.
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Total costs will be calculated by multiplying the incremental costs calculated in step four with the
estimated prevalence of the disease on the 1% of January of the year (e.g., 2018, the year in which
the last HIS took place) for which the calculations were made.

Depending on the availability of data on, the analysis can be extended by exploring the relative
contribution of other chronic conditions to the incremental costs of the disease of interest (see,
(7)). For practical reasons, these conditions are not included as candidate variables for the
multivariable model.

Depending on the data available, indirect costs based on reported absence from work
(absenteeism) and the average daily wage in the Belgian working population will also be
calculated. This is for example possible in analyses based on HISLink.
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Table Al

gﬁgggfyc Description

0 Pre-MDC

1 Diseases and Disorders of the Nervous System

2 Diseases and Disorders of the Eye

3 Diseases and Disorders of the Ear, Nose, Mouth And Throat

4 Diseases and Disorders of the Respiratory System

5 Diseases and Disorders of the Circulatory System

6 Diseases and Disorders of the Digestive System

7 Diseases and Disorders of the Hepatobiliary System And Pancreas

8 Diseases and Disorders of the Musculoskeletal System And Connective Tissue

9 Diseases and Disorders of the Skin, Subcutaneous Tissue And Breast

10 Diseases and Disorders of the Endocrine, Nutritional And Metabolic System

11 Diseases and Disorders of the Kidney And Urinary Tract

12 Diseases and Disorders of the Male Reproductive System

13 Diseases and Disorders of the Female Reproductive System

14 Pregnancy, Childbirth And Puerperium

15 Newborn And Other Neonates (Perinatal Period)

16 Diseases and Disorders of the Blood and Blood Forming Organs and
Immunological Disorders

17 Myeloproliferative DDs (Poorly Differentiated Neoplasms)

18 Infectious and Parasitic DDs (Systemic or unspecified sites)

19 Mental Diseases and Disorders

20 Alcohol/Drug Use or Induced Mental Disorders

21 Injuries, Poison And Toxic Effect of Drugs

22 Burns

23 Factors Influencing Health Status and Other Contacts with Health Services

24 Human Immunodeficiency Virus Infection

25 Multiple Significant Trauma

FF Rest group
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Table A2

Variable

Code

Description

Sociodemographic characteristics and health status

Age

Sex

Death

Reimbursement
status

Socio-economic
status

Based on PP0015 (year
of birth)

PP0020

Based on PPO040A

MAJOR_COVERAGE_YN

Based on PP1003 (social

situation) and PP0030
(code titulaire 1 — code
gerechtigde)

21

Age as
recorded in the
reference year

Sex as
recorded in the
reference year

Death in
reference year

Preferential
reimbursement
based on
PP0030 (code
titulaire 1 —
code
gerechtigde)

N/A

Source Unit

IMA

IMA

IMA

IMA

IMA

Years

0:Male
1:Female

0:No
1:Yes

0:No
1:Yes

1: active manual
labor (including
the unemployed
and people
living with a
disability)

2: active
employee
(including the
unemployed and
people living
with a disability)
3 : statutory
agents of the
public service

4: active self-
employed
persons,
including self-
employed
persons living
with a disability,
starters and



Variable Code Description Source Unit
assimilated self-

employed
persons
Presence of N/A GP visit for Intego  String based on
disease of interest disease of ICPC-Code
interest in the
reference year
based on
ICPC-Codes
Health expenditure and healthcare utilization
Aggregated health Based on SS00060 Total individual IMA Euro
expenditure (reimbursed costs), health
SS00160 (personal expenditure in
contributions) and reference year
SS00165 (supplements).  and four
Including 100% per diem  follow-up
(fixed fees in case of a years
hospitalization/nursing
day price). @
Health SS00060. Reimbursed IMA Euro
expenditure, Including 100% per diem  individual
reimbursed (fixed fees in case of a health
hospitalization/nursing expenditure in
day price) reference year
and four
follow-up
years
Health SS00160. Individual IMA Euro
expenditure, Including 100% per diem  health
personal (fixed fees in case of a expenditure in
contribution hospitalization/nursing terms of
day price) personal
contributions
in reference
year and four
follow-up
years
Health SS00165. Individual IMA Euro
expenditure, Including 100% per diem  health
supplements (fixed fees in case of a expenditure in
hospitalization/nursing terms of
day price) supplements

in reference
year and four
follow-up
years
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Variable Code Description Source Unit

Health expenditure PROCEDURE_AH_CAT  Variable that IMA 1: Ambulatory

category indicates care
health 2: Hospital care
expenditure by 3: Other
function 4:
Pharmaceuticals

b

2The health expenditure variables do not include fixed fees related to hospitalizations. We will
ask IMA to include these costs in these variables if possible. ® The PROCEDURE_AH_CAT
variable does not contain information on pharmaceuticals. However, we will ask IMA to provide
this category based on the Farmanet database if possible.

GP, general practitioner; IMA, InterMutualistic Agency
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