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Abstract
In recent years, the linkage of survey data to health administrative data has increased. This offers new opportunities 
for research into the use of health services and public health. Building on the HISlink use case, the linkage of 
Belgian Health Interview Survey (BHIS) data and Belgian Compulsory Health Insurance (BCHI) data, this paper 
provides an overview of the practical implementation of linking data, the outcomes in terms of a linked dataset 
and of the studies conducted as well as the lessons learned and recommendations for future links.

Individual BHIS 2013 and 2018 data was linked to BCHI data using the national register number. The overall 
linkage rate was 92.3% and 94.2% for HISlink 2013 and HISlink 2018, respectively. Linked BHIS-BCHI data were 
used in validation studies (e.g. self-reported breast cancer screening; chronic diseases, polypharmacy), in policy-
driven research (e.g., mediation effect of health literacy in the relationship between socioeconomic status and 
health related outcomes, and in longitudinal study (e.g. identifying predictors of nursing home admission among 
older BHIS participants). The linkage of both data sources combines their strengths but does not overcome all 
weaknesses.

The availability of a national register number was an asset for HISlink. Policy-makers and researchers must take 
initiatives to find a better balance between the right to privacy of respondents and society’s right to evidence-
based information to improve health. Researchers should be aware that the procedures necessary to implement a 
link may have an impact on the timeliness of their research. Although some aspects of HISlink are specific to the 
Belgian context, we believe that some lessons learned are useful in an international context, especially for other 
European Union member states that collect similar data.
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Background
An evidence-based health policy requires sound and reli-
able health data and appropriate research methods from 
which it can be explored. To answer research questions, 
researchers can rely both on data derived from health 
surveys and on administrative data, such as health insur-
ance data, health care data from primary care or hospi-
tal information systems, disease-specific registers, etc. 
[1]. Although administrative data is initially collected 
for other purposes, it is increasingly being used as a sec-
ondary data source for research. Such secondary data is 
generally easily accessible, resource-efficient and offers 
additional advantages, depending on the nature and the 
source [2].

Data linkage brings together information that relates 
to the same individual, family, place or event from differ-
ent data sources [3, 4]. Single data sources are more com-
monly insufficient for answering complex research and 
policy questions. When answering these questions, the 
repeated collection of primary data is less flexible, more 
costly and more complex compared to data linkage. In 
countries where administrative data linkage is tradition-
ally well established (e.g. in the UK, Australia, Canada, 
the Nordic countries, etc.), linked data is increasingly 
used for public health research purposes [5–7]. Interna-
tionally, data linkage is common and an accepted practice 
for population health research and monitoring [8], espe-
cially to leverage existing data. Indeed, data linkage is a 
powerful and a cost-effective method for cohort studies. 
For example, in Germany, the lidA- leben in der Arbeit is 
a cohort study on work, age and health which uses sur-
vey data that is linked to claims data from a large amount 
of statutory health insurance data [9]. Furthermore, such 
data linkage is a well-established method for external 
validations. Surveys data may be subject to bias (selec-
tion bias, recall bias) or may be inaccurate. Data linkage 
is a useful tool to validate such information. For instance, 
Hall et al. studied the validity of self-reported screening 
for prostate cancer and colorectal cancer in the United 
States [10]. Van der Heyden et al. (2016) also assessed the 
validity of self-reported information on health care use 
[11]. In another study, the same author estimated the pre-
dictive validity of the Global Activity Limitation Indica-
tor (GALI) in the general population in Belgium [12].

In Belgium, the Belgian Health Interview Survey 
(BHIS) and the Belgian Compulsory Health Insur-
ance (BCHI) are important sources of information on 
population health and healthcare consumption and are 
complementary. The National Institute for Health and 
Disability Insurance (NIHDI) commissioned a link-
age study between BHIS and BCHI data with 3 specific 
questions: (1) to explore regional differences in health-
care consumption in more depth; (2) to assess the valid-
ity of healthcareconsumptionbased chronic disease 

indicators; (3) to estimate the cost to Belgian health 
insurance if some groups of non-reimbursed medicines 
(analgesics, laxatives and calcium supplements) were to 
be reimbursed [13]. Moreover, the linked data was used 
in further studies [11, 12). The HISlink project was then 
launched in 2017 as a systematic linkage between each 
wave of BHIS and BCHI data.

Linking BHIS and BCHI data sources allows the 
strengths of different data sources to be used synergisti-
cally and provides opportunities for new and advanced 
research. While BHIS data on medical consumption may 
be subject to recall bias, may be inaccurate and are prone 
to substitution by BCHI data, it is a source for detailed 
information on sociodemographic data, health-related 
behaviour and mental health. BCHI data also addresses 
elements that cannot be collected by means of a survey 
(e.g., healthcare expenditure, medical procedures).

While linkage of administrative-to-administrative data 
has a long tradition [9, 14–19], linkage of survey data 
with administrative data is a relatively new field with 
great potential [9] and with its own challenges and con-
siderations to take into account. These challenges may 
vary according to the context and the applicable data 
protection requirements. However, there is a paucity of 
information on the research opportunities and challenges 
faced when linking survey and administrative data. This 
study aims to fill these gaps.

Within the framework of HISlink, data from two BHIS 
waves has been linked to BCHI data: the BHIS2013 and 
BHIS2018. Using the case of these two linkages, this 
paper aims to discuss the methodology and the lessons 
on barriers and opportunities of linking survey data with 
health insurance data. More specifically, the focus will be 
on the following items: the practical implementation and 
outcomes in terms of linked datasets and the studies con-
ducted, lessons learned and recommendations for future 
linkages. Although the Belgian context may be different 
from those of other countries, we believe that such infor-
mation could be relevant for future researchers who plan 
to link surveys and health insurance data.

The implementation of individual data linkage: an 
experience based on the HISlink study
In Belgium, the BHIS and the BCHI have been linked for 
the last three waves of the BHIS, conducted in 2008 (as 
part of a feasibility study), 2013 and 2018. At the time of 
writing, the BHIS2008 data link had been destroyed due 
to the expiry of the retention period. Therefore, in this 
study, only the linkage of BHIS2013 and BHIS2018 are 
considered. This section describes the data sources, the 
linkage process and the privacy issues that arose and how 
they were overcome.
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Description of data sources
HISlink combines BHIS and BCHI data sources. An 
overview of the most essential features of HISlink data-
base is displayed in Table S1 (Supplementary file).

BHIS data
The BHIS is a national, cross-sectional household sur-
vey conducted every 5 years since 1997 by Sciensano, the 
Belgian health institute, among a representative sample 
of Belgian residents, including older, institutionalized 
people. Participants are selected from the national pop-
ulation register, using a multistage, stratified-sampling 
design [20]. The participation rate of the survey at a 
household level was 57.1% and 57.5% for BHIS2013 and 
BHIS2018 respectively. Information is collected through 
a Computer-Assisted Personal Interview (CAPI) and 
a paper and pencil questionnaire for the more sensitive 
questions. Detailed methodology of the survey can be 
found in Demarest et al. (2013) [20]. Though BHIS has 
several advantages: data are collected at a total popula-
tion level, including people who do not make use of 
health services. Information is obtained from the per-
spective of the individual him/herself. The collection 
of self-perceived health, lifestyle and behaviour data is 
only (or mainly) possible through a survey. Information 
is collected simultaneously on individuals’ health status, 
health behaviour and the use of health care, but also on 
socio-demographic health determinants, such as socio-
economic status. This horizontal data collection makes 
it possible to study the relationship between different 
domains and topics. The different waves of BHIS enables 
trends analysis [21]. However, as with all surveys, the 
organization of BHIS is expensive and time-consuming. 
Moreover, BHIS data is self-reported and therefore sub-
ject to biases such as selection bias, recall bias or social-
desirability bias [9, 11, 22, 23]. For instance, BHIS data on 
medical consumption may be subject to recall bias, may 
be inaccurate and prone to substitution by BCHI data 
(i.e. objective health-consumption data).

BCHI data
In Belgium, there is compulsory health insurance which 
is a source of exhaustive and detailed data on the reim-
bursed health expenses of almost 99% of the total popu-
lation. However, there are some differences in coverage 
rates between regions and demographic characteristics 
[24]. Since 2002, the InterMutualistic Agency (IMA), an 
overarching national organisation, collects and manages 
data on all Belgian citizens from these sickness funds 
(hereinafter referred to as BCHI data). The BCHI data-
base is a longitudinal linkage between 3 components: the 
individual’s background information, healthconsumption 
data and database on use of outpatient medicines, which 
are linked using a Trusted Third Party (TTP) [25, 26], i.e. 

the linkage was outsourced to another organisation that 
has access to identifiable data and has performed the 
linkage. The database includes an arbitrary id-code, allo-
cated by the TTP. The primary goal of the BCHI data is 
for reimbursement purposes. BCHI data is widely used 
by important actors in the health field for reimburse-
mentrelated studies, assessment and planning of health 
care costs. In addition, BCHI data is also used for specific 
studies beyond its initial intended use (secondary use). 
One advantage is that the data is not self-reported, nor 
is it limited to a certain registration period, since there 
is continuous data collection for administrative purposes. 
Although BCHI data does not include information on the 
diagnosis, algorithms have been developed to estimate 
the prevalence of certain chronic diseases at a general-
population level (pseudo pathologies derived from medi-
cation use) (27). Furthermore, this enables trend analyses 
and longitudinal studies [28, 29). BCHI data has some 
shortcomings: the main limitation of the BCHI is that it 
only includes information on covered health services and 
goods, and there is a limited information on outpatient 
supplements. Next, since the purpose of BCHI data is the 
billing of services, the data may be subject to errors (e.g. 
inaccurate procedure codes, upcoding errors, duplicate 
billing) (30). Detailed information on BCHI data can be 
found elsewhere [31].

The above description shows that some information 
is only available in the BHIS (e.g. health status, health 
behaviour), other information is common to both data 
sources, even if conceptually different (e.g. health care 
utilisation, use of medication, as well as a limited amount 
of socio-demographic information), while other infor-
mation is only available in the administrative database 
(specific procedure codes such as nursing home admis-
sion, healthcare costs), which therefore makes the two 
databases complementary. The HISlink 2013 and 2018 
resulted in datasets containing around 1200 variables and 
related indicators from BHIS and 130 variables or indica-
tors from BCHI. Table S1 in supplementary file presents 
an overview of the content of the linked database, organ-
ised by modules, i.e. a set of information related to the 
same topic.

The partners involved, the linkage process and data flow
Figure 1 presents the data flow and the partners involved 
at each step. BHIS data is linked at an individual level to 
BCHI data, using the unique identifier: the national reg-
ister number (NRN). The linkage is initially done by the 
reference person. At a later stage, household composi-
tion was compared according to BHIS and BCHI infor-
mation and (based on date of birth, sex and date of the 
interview) the other household members’ NRN were 
retrieved. The linkage process is quite complex since it 
requires several coding processes to ensure privacy and 
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Fig. 1 Step-by-step overview of linkage procedure and data coding system to enable data linkage for the HISlink 2018, Belgium
NRN: National Register Number; Statbel: the Belgian statistical office; RN: Random Number; SPOC NIC: Single Point of Contact National InterMutualistic 
College; TTP CBSS: Trusted Third Party Crossroads Bank for Social Security; IMA DWH: InterMutualist Agency Data Warehouse; TTP eHealth: Trusted Third 
Party eHealth; SCRA: Small Cells Risk Analysis; C1/C2: coding 1/2; Cproject: project specific coding
Explanatory note: the link involved the following steps, Fig. 1
1. Statbel selects the NRN of BHIS participants and transmits this selection of NRN to the NIC (1.1) and the selection of NRN with an internal RN (Random 
Number) specific to this project to the TTP eHealth (1.2). The NIC Security Advisor transmits an NRN/C1-encoded list of persons to the TTP eHealth, with 
C1 encrypted (1.3)
2. The TTP eHealth sends via the secure eHbox Cproject/RN to the TTP CBSS (2.1). The TTP eHealth sends via the Cproject/C1 secure eHbox to the TTP VI 
(2.2). Statbel transmits BHIS data on an NR basis to the TTP VI (CBSS° (2.3)
3. On the basis of a second coding (C1 → C2), the data are selected from the IMA DWH (3)
4. The data is sent back on a C2 basis to the TTP CBSS (4)
5. TTP CBSS replaces C2 with Cproject and also converts the received data into Cproject. These are transmitted to the IMA DWH (5)
6. A small cell risk analysis (SCRA) is carried out by the IMA (6)
7. The data sets are made available to Sciensano researchers (Cproject) (7)
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data protection. Detailed information on the linkage 
process and data flow is provided elsewhere [32]. For 
the sake of clarity, the linkage scheme has been altered 
slightly. In summary, during the process, encrypted data 
are exchanged between the partners in a secure manner. 
For privacy reasons, there is need to ensure that none of 
the involved parties would have access to both the sen-
sitive data and the NRNs during the linkage procedure. 
A small cell risk analysis (SCRA) is carried out by IMA. 
Only pseudomised data sets are then made available to 
Sciensano researchers on IMA server. Researchers have 
access to linked database through a Virtual Private Net-
work (VPN) connection with secure token. Ultimately, a 
quadruple coding system ensures a coded database where 
no single party holds all of the respective keys enabling 
identification of individual patients.

According to the GDPR, the processing of sensitive 
personal data, such as data concerning health shall be 
prohibited. However, processing for research is included 
as one of the exemptions of this rule under certains con-
ditions. Article 5 of the GDPR defines some basic prin-
ciples that must be taken into account when processing 
personal data (lawfulness, proportionality, accuracy, data 
minimization, storage limitation and integrity and con-
fidentiality). The principle of proportionality means that 
researchers may only process personal data for the pur-
pose of their research, and the processing must be rea-
sonable and proportionate to the purpose of the research. 
Therefore, proportionality requires data minimisation, 
meaning that only that personal data which is adequate 
and relevant for the purposes of the processing is col-
lected and processed [33, 34].

Because of the proportionality principle, only a select 
amount of information from BHIS and BCHI data is 
included in the HISlink. An overview of BHIS and BCHI 
data included in the HISlink can be found in Table S1 
(supplementary file). BCHI data covering the period from 
2012 (or from 2008 in some specific cases such as dental 
care or cancer screening) to 2018 (or HISlink2013); and 
covering the period from 2017 (or from 2013 in some 
specific cases such as dental care or cancer screening) to 
2023 (or HISlink 2018) is included in this study.

Privacy procedures
The BHIS2013 and BHIS2018 were carried out in line 
with the Belgian privacy legislation and have been 
approved by the Ghent University Hospital ethics com-
mittee on October 1, 2012 (opinion EC UZG 2012/658) 
and December 21, 2017 (opinion EC UZG 2017/1454) 
respectively. Participation in the BHIS is voluntary. No 
written consent was foreseen. Participation was equiva-
lent to giving consent.

For the linkage to BCHI data, authorization was 
obtained from the Belgian Information security 

committee acting as an institutional review board (IRB) 
(local reference: Deliberation No. 17/119 of December 
19, 2017, amended on September 3, 2019, for the HIS-
link 2013 and local reference: Deliberation No. 20/204 
of November 3, 2020 for the HISlink 2018). In its delib-
eration, the IRB required Sciensano to inform the BHIS 
participants about the linkage of their data. In view of 
the disproportionate effort this would require (almost 
11,000 individuals for the BHIS2013 and more than 
12,000 individuals for the BHIS2018), and since the link-
age process was launched before the implementation of 
the GDPR, Sciensano presented an alternative approach 
to the IRB, which was accepted. This approach consisted 
of an exemption from obligation to provide information 
at an individual level, as well as communication about the 
data processing, provided to the general public, through 
a publication on the BHIS website.

Study population, linkage rates and an evaluation of 
linkage quality
All BHIS participants were eligible for inclusion in the 
HISlink. Figure  2a and 2b present the selection pro-
cess for the final participants: BHIS2013 and BHIS2018, 
respectively. Overall, the linkage rate was 92.3% for 
BHIS2013 and 94.2% for BHIS2018.

Table 1 presents the linkage rates and the results of the 
evaluation of linkage quality. The linkage rates differed 
between population subgroups.

To assess the linkage quality, a comparison was made 
between the characteristics of linked and unlinked data 
[17, 35]. Standardized differences of the proportions 
were used to test for statistically-meaningful differences 
between those with linked and those with unlinked data 
[36–38]. The standardized difference was the difference 
in the two proportions, divided by an estimate of the 
prevalence of the covariate in each of the two groups 
[37]. A value equal to or greater than 0.10 was considered 
significant [37, 38]. Significant differences were observed 
between respondents with linked and unlinked records 
in terms of age, educational attainment, household com-
position, nationality, household income and the region of 
residence both for HISlink 2013 and HISlink 2018, while 
significant differences were observed according to gen-
der, with a lower linkage rate for males, for HISlink 2018 
only (Table 1).

Outcomes of linked data - added values of HISlink 
for epidemiological research
Linking BHIS to BCHI data has resulted in a richer data-
base, which has allowed studies to be carried out that 
would not have been possible using the two sources 
separately. Table 2 gives some examples of studies under-
taken using the linked database. These examples illus-
trate the added value of the HISlink data for public health 
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research. The studies carried out can be grouped in terms 
of different benefits or objectives in validation studies, 
policy-driven research studies and longitudinal studies.

Validation studies
The linked data offered opportunities to answer method-
ological questions on the validation of survey informa-
tion, such as the validity of self-reporting or conversely 
on the validation of administrative information. For 
instance, data on the mammography uptake is usually 
based on self-reports in population-based surveys such 
as BHIS. However, the validity of self-reported informa-
tion through surveys is a concern, due to the associated 

potential reporting bias. To gain further insights into the 
validity of self-reported breast cancer screening in Bel-
gium, we assessed the selection and reporting biases of 
BHIS-based estimates in the target group (women aged 
50–69 years) using reimbursement data for mammo-
grams taken from the BCHI. We found that the validity of 
self-reported mammogram uptake in women aged 50–69 
years, is affected by both a selection and reporting bias 
(overreporting) and caution should therefore be exer-
cised when using BHIS information as the sole source for 
assessing mammogram uptake [22].

Currently, the estimation of the prevalence of many 
chronic diseases in Belgium is still often based on 

Fig. 2a Data flow and linkage global results, HISlink 2013, Belgium
IMA: InterMutualist Agency, NRN: National Register Number
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Fig. 2b Data flow and linkage global results, HISlink 2018, Belgium
IMA: InterMutualist Agency, NRN: National Register Number
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self-reported BHIS data. On the NIHDI’s initiative, we 
evaluated whether BCHI data can be used to ascertain 
the prevalence of chronic diseases in the Belgian popu-
lation. For this purpose, we assessed the agreement 
between the definitions used in health-administration 
cases (algorithms based on Anatomical Therapeutic 
Chemical (ATC) codes of disease-specific medication) 
and the definitions used in self-reported cases (based on 
the response to the following question: “Have you suffered 

from any of the following diseases in the last 12 months?:“ 
diabetes, asthma, chronic obstructive pulmonary disease 
(COPD), cardiovascular diseases including hyperten-
sion (CVDs), Parkinson’s disease, thyroid disorders and 
epilepsy in the Belgian population. We concluded that 
BCHI’s chronic-disease case definitions are an accept-
able alternative for identifying cases of diabetes, CVDs 
(including hypertension), Parkinson’s disease and thy-
roid disorders, but yield a significantly-underestimated 

Table 1 Characteristics of the study population with linked and unlinked data, HISlink 2013 and 2018, Belgium
HISlink 2013 HISlink 2018
Linked
N = 9998

Unlinked
N = 831

Standardized
difference

Linkage
rate (%)

Linked
N = 10,933

Unlinked
N = 678

Standardized
difference

Linkage
rate (%)

Characteristics
Gender, n (%)
Male 4819 (48.8) 412 (47.4) 0.03 92.1 5235 (49.0) 353 (56.7) -0.16 93.7

Female 5179 (51.2) 419 (52.6) -0.03 92.5 5698 (51.0) 325 (43.3) 0.16 94.6

Age, n (%)
0–14 1523 (17.2) 193 (27.0) -0.24 88.7 1766 (17.7) 92 (13.6) 0.11 95.0

15–24 1051 (11.5) 100 (13.1) -0.05 91.3 994 (11.3) 65 (11.1) 0.01 93.8

25–34 1272 (12.3) 134 (15.3) -0.08 90.5 1254 (12.8) 84 (15.7) -0.08 93.7

35–44 1378 (13.7) 144 (14.8) -0.03 90.5 1461 (12.7) 117 (12.9) -0.01 92.6

45–54 1445 (14.9) 113 (13.3) 0.05 92.7 1569 (13.8) 156 (21.2) -0.19 90.9

55–64 1379 (12.5) 71 (7.5) 0.17 95.1 1584 (13.1) 86 (14.8) -0.05 94.8

65–74 998 (9.0) 34 (3.7) 0.21 96.7 1249 (9.7) 40 (5.4) 0.16 96.9

75+ 952 (8.9) 42 (5.3) 0.14 95.8 1056 (8.9) 38 (5.3) 0.14 96.5

Education, n (%)
Primary/No diploma 1054 (9.4) 79 (9.1) 0.01 93.0 779 (5.8) 32 (5.1) 0.03 96.0

Lower secondary 1389 (12.3) 64 (8.9) 0.11 95.6 1391 (12.2) 43 (6.9) 0.18 97.0

Upper secondary 3194 (33.3) 201 (24.6) 0.19 94.1 3279 (32.0) 123 (18.9) 0.30 96.4

Higher education 4211 (43.8) 468 (55.7) -0.24 90.0 5309 (48.8) 446 (67.3) -0.38 92.2

Missing 150 (1.2) 19 (1.7) -0.05 88.7 175 (1.2) 34 (1.8) -0.04 83.7

Household composition, n (%)
Single 1685 (15.1) 78 (10.9) 0.12 95.6 2047 (15.5) 104 (14.1) 0.04 95.2

One parent with child(ren) 1115 (9.0) 87 (7.8) 0.04 92.8 1228 (10.9) 48 (6.6) 0.15 96.2

Couple without child(ren) 2203 (22.1) 125 (17.6) 0.11 94.6 2469 (22.4) 129 (24.2) -0.04 95.0

Couple with child(ren) 4105 (45.2) 374 (45.9) -0.01 91.6 4656 (46.3) 361 (51.5) -0.11 92.8

Other or unknown 890 (8.6) 167 (17.8) -0.27 84.2 533 (4.9) 36 (3.6) 0.07 93.7

Nationality, n (%)
Belgian 8834 (91.4) 457 (60.0) 0.79 95.1 9461 (90.1) 300 (50.1) 0.97 96.9

Non Belgian - EU 700 (4.9) 276 (29.1) -0.68 71.7 846 (5.2) 338 (43.0) -0.98 71.4

Non-Belgian - non EU 457 (3.6) 98 (10.9) -0.28 82.3 621 (4.7) 40 (6.9) -0.09 93.9

Missing 7 (0.1) 0 (-) - 100. 5 (0.1) 0 (-) - 100

Household income, n (%)
Quintile 1 1983 (16.9) 141 (21.3) -0.11 93.4 1192 (8.9) 29 (6.0) 0.11 97.6

Quintile 2 1516 (14.9) 57 (10.9) 0.12 96.4 1450 (11.9) 26 (3.2) 0.33 98.2

Quintile 3 1748 (18.7) 93 (13.4) 0.14 94.9 1820 (16.5) 41 (8.3) 0.25 97.8

Quintile 4 1768 (20.5) 83 (12.8) 0.21 95.5 2322 (22.4) 84 (11.8) 0.28 96.5

Quintile 5 1781 (19.7) 193 (22.1) -0.06 90.2 2487 (26.4) 317 (47.5) -0.45 88.7

Missing 1202 (9.3) 264 (19.4) -0.29 82.0 1662 (13.9) 181 (23.2) -0.24 90.2

Region of residence, n (%)
Flanders 3425 (57.9) 87 (32.0) 0.54 97.5 4230 (56.5) 66 (31.4) 0.52 98.5

Brussels 2715 (10.2) 388 (29.6) -0.50 87.5 2873 (10.2) 226 (26.2) -0.42 92.7

Wallonia 3858 (31.9) 356 (38.4) -0.14 91.5 3830 (33.3) 386 (42.4) -0.19 90.8
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number of patients suffering from asthma and COPD 
[27].

Another study explored the differences between self-
reported and prescription-based estimates in the preva-
lence and determinants of polypharmacy in the older, 
general population in Belgium; and assessed the relative 
merits of each data source. The key findings were that 
surveys and prescription data measures polypharmacy 
from a different perspective, but overall conclusions in 
terms of prevalence and determinants of polypharmacy 
do not differ substantially according to data source [30].

Policy-driven research
The linked database served as an evaluation tool for pol-
icy measures. Indeed, in our study “Effectiveness of pro-
tective measures on dental care use: analysis from linked 
database” we assessed the effectiveness of financial pro-
tective measures on the use of dental care among a repre-
sentative sample of Belgian adults. We concluded that the 
current health interventions in dental care use are not yet 
effective for vulnerable people [39].

The reduction of socioeconomic (SE) health inequali-
ties is an important objective for public health policies. It 

Table 2 Examples of epidemiologic research with HISlink data, Belgium
Study Research questions Key findings Reference
Validity of 
mammogra-
phy uptake in 
women aged 
50–69 years

To which extent self-reported 
mammography
uptake from BHIS is valid as compared 
to objective information from IMA?

The validity of self-reported mammography uptake in women aged 50–69 
years is affected by both selection and reporting bias.
Cautiousness is needed when using self-reported estimates as the
sole method to quantify mammography coverage.

Berete et 
al. (2020) 
[22]

Ascertainment 
of chronic 
diseases

Can the indicators of pseudopatholo-
gies in administrative data (IMA data) be 
used to assess
prevalence of chronic diseases in the 
general population?

The indicators of pseudopathologies are an acceptable alternative to 
identify cases of diabetes, CVDs, Parkinson’s disease and thyroid disorders 
but yield in a significant underestimated number of patients suffering from 
asthma and COPD. Further research is needed to refine the definitions of 
CDs from administrative data.

Berete et 
al. (2020) 
[27]

Impact of finan-
cial protective 
measures on 
dental health 
care use

What is the effectiveness of financial 
protective measures on
the use of dental care among a repre-
sentative sample of
Belgian adults?

Current health interventions are not yet effective for vulnerable people in 
dental care use.
High expenses as a result of chronic diseases are not associated with more 
postponement of dental care.
More targeted financial interventions should be necessary to reduce post-
ponement of dental service utilization.

Berete et 
al. (2020) 
[39]

Nursing home 
admission in 
older population 
in Belgium

What is the risk of nursing home 
admission among older population of 
65 + years in Belgium?
What are the predictors?

The cumulative risk of NHA was 1.4%, 5.7% and 13.1% at, respectively 1 year, 
3 years and 5 years of follow-up
Higher age, living arrangements, use of home care services, falls, urinary 
incontinence, subjective health, limitations, depression, Alzheimer disease, 
etc., appeared as strong predictors nursing home admission.

(Berete et 
al., 2022) 
[29]

Mediation ef-
fects of health 
literacy

Does health literacy mediate the rela-
tionship between socioeconomic status 
and health related outcomes in the 
Belgian adult population?

HL partially mediated the relationship between education and health be-
haviour (except tobacco consumption), perceived health status, purchase of 
antidepressants and preventive dental care, accounting for 4.4–15.4% of the 
total effect. Health literacy also mediated the association between income 
health behaviour (except alcohol consumption), perceived health status, 
purchase of antidepressants and preventive dental care, with the mediation 
effects accounting for 4.2–12.0% of the total effect.

Berete et 
al. Will be 
submit-
ted to 
BMC Pub-
lic Health 
[40]

Assessing 
prevalence of 
polypharmacy 
among older 
adults

What is the differences in the 
prevalence and determinants of 
polypharmacy
in the older population between self-
reported and prescription
based estimates?
What is the relative merits of each data 
source?

Surveys and prescription data measure polypharmacy from a different per-
spective, but overall conclusions in terms of prevalence and determinants of 
polypharmacy do not differ substantially by data source.

Van der 
Heyden 
et al. 
(2021) 
[30]

Association 
between 
polypharmacy 
and mortality in 
older population

What is the association between poly-
pharmacy and mortality
in the community dwelling population 
of 65 + years in Belgium?

Polypharmacy affects the mortality of older people in relatively good health.
A critical evaluation of polypharmacy in older people below 80 years and in 
people without severe functional limitations may reduce mortality in these 
population groups.

Van der 
Heyden 
et al. 
(2021) 
[42]

Costs associ-
ated with 
excess weight in 
Belgium

What are the annual health care and 
lost productivity costs associated with 
excess weight among the adult popula-
tion in Belgium, using national health 
data?

BMI has a substantial societal economic burden in Belgium.
Every year at least €4.5 billion are spent to cover the direct and indirect costs 
related to overweight and obesity.
Policies and interventions are urgently needed to reduce the prevalence of 
overweight and obesity thereby decreasing these substantial costs.

Gorasso 
at al. [41]
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is therefore important to identify factors that contribute 
to these inequalities. Health literacy (HL) is of interest 
as it constitutes a potential pathway by which socioeco-
nomic status (SES) affects health. In contrast to a number 
of socioeconomic factors that are more difficult to mod-
ify, HL is a more easily modifiable factor. As such, HL can 
also be taken into account in the attempt to reduce health 
inequalities. If HL is an important mediator in explain-
ing SE health differences, actions to improve HL in low 
SE groups will reduce SE inequalities. This study explored 
whether HL acts as a mediator in the association between 
SES as measured by educational attainment and house-
hold income and a selected health (-related) outcomes 
that were of great interest from public health perspective 
in various domains: [1] health behaviour (physical activ-
ity, type of diet, alcohol and tobacco consumption) [2], 
perceived health status (self-rated health (SRH)) [3], use 
of curative care (purchase of antibiotics and antidepres-
sants), and [4] use of preventive care (preventive dental 
care, influenza vaccination, breast cancer screening). The 
study showed that HL partially mediated the relation-
ship between education and health behaviour (except 
tobacco consumption), perceived health status, purchase 
of antidepressants and preventive dental care, account-
ing for 4.4–15.4% of the total effect. As far as the asso-
ciation between household income and health (-related) 
outcomes is concerned, the findings showed that HL 
constituted a pathway by which household income influ-
ences health behaviour (except alcohol consumption), 
perceived health status, purchase of antidepressants) 
and preventive dental care, with the mediation effects 
accounting for 4.2–12.0% of the total effect [40].

The linked data has been used to estimate the annual 
costs in health care and lost productivity associated with 
excess weight among the adult population in Belgium. 
The study concluded that BMI is a substantial social-eco-
nomic burden in Belgium. Every year at least €4.5 billion 
are spent to cover the direct and indirect costs related 
to excess weight and obesity. Policies and interventions 
are urgently needed to reduce the prevalence of excess 
weight and obesity, thereby decreasing these substantial 
costs [41].

Longitudinal study
The linked data not only increases the number of vari-
ables. By following-up on BHIS participants up to 5 years 
after the survey, research questions can be addressed that 
require a longitudinal design. In this context, we esti-
mated the risk of nursing home admission (NHA) among 
the older population of 65 + years and its predictors in 
Belgium. We found that the cumulative risk of NHA was 
1.4%, 5.7% and 13.1% at, respectively 1 year, 3 years and 
5 years of follow-up. A higher age, living arrangements, 
falls, physical chronic conditions and mental disorders 

such as Alzheimer’s disease, appeared as strong predic-
tors of NHA [29].

The HISlink data was further used to investigate the 
association between polypharmacy and mortality in the 
community-dwelling older population. It was found that 
polypharmacy affects the mortality of older people who 
are in relatively good health and concluded that a critical 
evaluation of polypharmacy in older people aged below 
80 years and in people without severe functional limita-
tions may reduce mortality in these population groups 
[42].

Lessons learned and recommendations for future 
linkages
Although linking survey data with administrative data 
opens new research opportunities as presented above, 
such linkage is not without challenges. This section 
describes the main challenges and considerations that 
may be encountered in data linkage processes and a 
number of recommendations for future linkages will 
be formulated. Table 3 provides a summary of the chal-
lenges and considerations and the corresponding 
recommendations.

Lessons learned from to the linkage processes overall
Technical and operational issues of the linkage
The technical challenges inherent in linking survey data 
with administrative data are mainly related to the data 
quality and to the linkage errors [43]. Next to these 
issues, the proportionality principle, infrastructure and 
statistical challenges are also important.

The quality of the data sources, i.e., the availability, 
completeness and discriminatory power of identifiers or 
key personal variables that can be used to construct the 
linkage key, is very important and determines the choice 
of linkage methods.

In some countries, a unique personal number, such as 
the NRN in Belgium or the personal identity number in 
Scandinavia, is required for access to almost all admin-
istrative services, including healthcare services use for 
each resident and can be readily used to obtain informa-
tion about individuals. Such identifiers allow the linkage 
to be relatively straightforward (deterministic linkage 
approach), and make it possible to link data from many 
different administrative sources with marginal error [44]. 
With regards to HISlink, the use of the NRN as a link-
age key was a great asset. Moreover, such a unique iden-
tifier increases the linkage rate, although this rate varies 
between subgroups as shown in Table 1. About 8% of the 
BHIS2013 and 6% of the BHIS2018 could not be linked. 
This result could be explained by the fact that the BHIS 
household composition can deviate from the “official” 
household composition in the national register, prevent-
ing the linkage. In addition, as Table 1 shows, the linkage 
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Category Description HISlink-specific 
experience

Recommendations

Technical, practical challenges
Data quality Availability, completeness 

and discriminatory power of 
identifiers

National register number 
available and used as link-
age key

Use unique identifier when available.
Otherwise, carefully select linkage variables to construct link-
age the keys. Ensure that these variables are as complete as 
possible (less missing values, less errors) and that no duplicate 
records exist in each data source.

Linkage errors Usually arises in data linkage, 
typically when ‘imperfect identi-
fiers’ are used and could result in 
substantially biased results. False 
matches (i.e., when records from 
different individuals link errone-
ously) and missed matches (i.e., 
when records from the same 
individual fail to link) [45, 46] are 
of greatest concern.
The number of false matches and 
missed matches can directly af-
fect the estimation of prevalence 
or incidence rates. False matches 
(low specificity) lead to over-
estimates of prevalence whilst 
missed matches (low sensitiv-
ity) lead to underestimates. The 
impact of linkage error depends 
on the underlying prevalence 
of the target condition: analyses 
of rare conditions are more 
severely affected by linkage error 
compared with more common 
conditions, as overestimation is 
inversely related to the underly-
ing prevalence [46].

Negligible/marginal false 
matches because of the 
accuracy of the linkage 
key. However, up to 8% of 
missed matches (see section 
4.1 for possible explana-
tions). The comparison of 
linked and unlinked records 
identified subgroups that 
are more prone to linkage 
errors (see Table 1).

Evaluate linkage quality and assess the impact of linkage errors 
on the results [17, 35, 46]. The evaluation of linkage quality is 
vital to producing reliable results from studies using the linked 
data. Several methods can be used to assess linkage quality 
and errors:
- comparing linked data with reference or ‘gold-standard’ datas-
ets where the true match status is known;
- structured sensitivity analyses where a number of linked 
datasets are produced using different linkage criteria;
- comparisons of characteristics of linked and unlinked data to 
identify any potential sources of bias;
- statistical methods accounting for linkage uncertainty within 
analysis (e.g. using missing data methods);
- quality control checks (implausible scenarios)
- sensitivity (proportion of matches that are correctly identified 
as links), specificity (proportion of non matches that are cor-
rectly identified as non-links), match rate and false match rate.
The TTPs should enhance the linkage methods by combin-
ing deterministic linkage in the first steps using the NRN and 
probabilistic approaches afterwards for unlinked persons using 
algorithm based on other personal data. Identify subgroups of 
records that are more prone to linkage error and are potential 
sources of bias. Comparisons of linked and unlinked records 
can be useful to identifying where modified linkage strategies 
may be required for specific groups of records.
Use the NRN of all individuals included in the survey, regardless 
of the composition of the household at one time, instead of 
that of the reference person first and then the other family 
members, in order to improve the linkage rate.

Costs Data linkage can be expensive 
in terms of financial and human 
resources.

Government-sponsored 
(NIHDI) linked datasets

Make the system cost-effective by avoiding the ‘linked and 
destroyed’ philosophy and making available the linked data to 
other researchers under certain conditions.

Principle of 
proportionality 
respect

Means that only data that are rel-
evant to the purpose of the study 
should be included to avoid re-
identification of individuals.

Help from the BHIS team 
for the selection of BHIS 
variables and help from 
the IMA’s SPOC for what 
concern IMA variables.

Require a deep knowledge of the data sources. Involve people 
with good experience of the data sources to be linked in the 
relevant variable selection phase.
An alternative and more effective approach could be could be 
too ask for authorization to link both datasets completely in a 
first step. In a second step, each research project demands in a 
simplified procedure access to the relevant variables of the fully 
linked dataset in accordance with the proportionality principle. 
Such an approach is applied at Statistics Netherlands (49–51).

Infrastructures Infrastructure needed to store 
and access the linked data.

The linked data was stored 
on the IMA server. Research-
ers access it through a 
secure remote connection 
using a token.

Identify where linked data can be stored securely and how it 
can be accessed (remote session, data extraction).

Statistical issues Analysing linked data raises a 
number of statistical challenges 
for researchers.

Experts’ advice during the 
statistical analysis plan, data 
analysis and interpretation 
of results.

Experts’ advice useful for the statistical analysis plan, data analy-
sis and results interpretation.
Apply appropriate statistical methods of adjusting analysis for 
linkage bias. E.g., an extension to standard multiple imputation 
methods, able to handle ‘partially observed’ (or partially linked) 
data; use of population weights to account for groups or 
people who are more or less likely to be linked [46].

Table 3 Table Overview of challenges, considerations and recommendations in linking surveys data with administrative data; HISlink, 
Belgium
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Category Description HISlink-specific 
experience

Recommendations

Ethical, legal and societal aspects
Approval 
processes

Privacy concerns have led to poli-
cies that prevent records from 
being
easily linked. Usually, there is a 
need of intuitional/ethical review 
boards (IRB) approval which is a 
long and cumbersome process.

The linkage was approved 
by the Information Security 
committee (ISC). The ap-
proval process took three 
and five months for the 
HISlink 2013 and HISlink 
2018, respectively.

Consider the IRB process in the timeline for the project.
Concerns about privacy led to policies that prevent records 
from being easily linked. Therefore, a strong case for using the 
data and a detailed description of how it will be protected is 
required when obtaining IRB approval.
Since the HISlink is government-sponsored linkage project 
which is repeated every BHIS wave, a solution to avoid an 
ad hoc approval process would be to set up an “umbrella” 
agreement protocol for public institutions such as Sciensano, 
covering several years and several waves of BHIS_BCHI linkages.

Privacy and con-
fidentiality issues: 
actual linkage 
process and prin-
ciple of separation 
(Trusted Third 
Party linkage)

Once the IRB approval has been 
obtained, the actual linkage is 
itself a time-consuming process.
The separation principle means 
a separation of the linking and 
analysis process. Although this 
principle preserves confiden-
tiality and avoids disclosing 
sensitive information, it is bad 
for understanding the quality of 
linked data.

Trusted Third Party linkage, a 
lengthy process mainly due 
to the signing of an agree-
ment between all parties 
involved. The whole linkage 
procedure took 12 months 
and 15 months for HISlink 
2013 and HISlink 2018, 
respectively.

Although full separation of identifiers and attribute data has 
been argued to reduce the risk of re-identification, and is a 
valuable tool in reassuring data providers about the security of 
sharing their data. However, allowing linkage and analysis to 
take place together provides opportunities for both in-depth 
evaluation of linkage quality, and methodological advances in 
linkage technics [76, 77].

Consent form To comply with the GDPR, an 
effective opt-in linkage consent 
form have to be received.

HISlink 2013 and 2018 were 
not consent-based (exemp-
tions, linkage planed before 
the implementation of the 
GDPR).
However, for the next HIS-
link 2023, the consent of the 
BHIS participants was asked 
to link their data with exist-
ing administrative data.

For planned linkage, ask for linkage consent to the survey par-
ticipants, preferably at the beginning of the survey to maximise 
consent rate [55, 68, 69].
For historical data linkage, certain exemptions exist. Check if 
the project falls under these exemptions.
Assess consent bias if applicable

Outcomes
Opportunities 
/ limitations of 
linked data

The linked data is an important 
source for population health re-
search and can bring enormous 
benefits in providing a more 
complete picture of the health of 
the population. A whole range of 
research possibilities exists.

Limitations of both BHIS 
and BCHI data remain, for 
instance lack of diagnostic 
information in the BCHI data

Include other data sources such as hospital discharge data
Consider substituting HIS information by administrative data 
as much as appropriate (e.g., or cancer screening, reimbursed, 
healthcare use or reimbursed drug use).

Linkage type and 
sustainability

Ad hoc linkages vs. systematic 
linkages

Ad hoc linkage (and ad 
hoc approval) can threat 
the sustainability of the 
project. HISlink is based on 
the ‘linked and destroyed 
philosophy’ (because of a 
limited data retention time 
by researchers in the IRB 
approval, i.e., five years after 
the linkage) As a result, the 
return on investment in 
linked data may be limited.

A clear data use agreements for governmental institutions, 
administrations, universities allowing share and use of the 
linked databases for at least several years even if for perpetuity 
in a secure manner. Such strategies will allow to exploit the full 
potential of the linked data in other researches.
Think about systematic linkage.

Access to the 
linked data

HISlink data is currently 
accessible to Sciensano 
researchers only.

Make de-identified data available to other researchers upon 
approval

Sample size Small sample can prevent some 
analyses

Limited sample size for rare 
events, specific subgroup 
analysis

Consider subsample for specific subgroups such as low 
sociodemographic individuals, those with specific conditions 
if possible.

Table 3 (continued) 
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was not possible for a number of people who are more 
likely to be from the Brussels-Capital Region and more 
likely to be EU nationals. This sub-group could prob-
ably be people working for EU institutions, other inter-
national organizations or posted workers from other EU 
countries, living and working in Belgium but insured 
in their country of origin. Therefore no data could be 
retrieved from the BCHI.

In many other countries however, unique identifiers 
are not available and this might constitute an important 
barrier to linking the same person across multiple data 
sources [18]. In such contexts, linkage often depends 
on the use of non-unique ‘imperfect’ identifiers such as 
name, postcode, date of birth or other indirect identi-
fiers. In combination, these variables can make it pos-
sible to identify records that belong to the same person, 
using more complex algorithms (probabilistic linkage 
approach). The probabilistic linkage method is the most 
common approach, usually in combination with the 
deterministic methods [45, 46].

The second challenge when linking survey data to 
administrative data is the risk of linkage errors, which 
typically occur where there is no unique identifier across 
different data sources [47] or in the event of imperfect 
identifiers. This problem could result in substantially 
biased results [17, 48]. Linkage errors arise when pairs 
of records are incorrectly classified. False-matches occur 
when records from different individuals link erroneously, 
while missed-matches occur when records from the same 
individual fail to link [45, 46]. Data analysts should there-
fore evaluate the quality of linked data by measuring 
linkage errors before proceeding with any further analy-
sis. The availability of similar information in both data 
sources or in a reference database will be helpful in this 
regard. For HISlink, comparing age, sex, region of resi-
dence and the prevalence of certain chronic diseases, we 
detected an error in the previous version of HISlink 2018 
data due to the use of the wrong database during the link-
age process. This error was corrected by the linkage TTPs 
afterwards.

Another challenge that researchers face in data link-
age is the proportionality principle, which means that 
only those variables that are relevant to the purpose of 
the study should be selected to avoid the re-identification 
of individuals. In this context, researchers should have a 
thorough knowledge of their data sources. The selection 
of relevant variables must be done precisely before the 
linkage process. The more information there is in both 
data sources, the more difficult this task becomes. How-
ever, this approach is not optimal as it is time-consuming 
and requires an in-depth knowledge of the data sources. 
In addition, when it is necessary to include new relevant 
variables or indicators that have been forgotten, the 
whole process has to be restarted (new IRB opinion, new 

linkage, etc.). An alternative, perhaps better approach 
could be too ask for permission to link both datasets 
completely in a first step. In a second step, each research 
project demands in a simplified procedure access to the 
relevant variables of the fully linked dataset in accor-
dance with the proportionality principle. This is basically 
what is done at Statistics Netherlands [49–51].

Further consideration for researchers wishing to link 
data is the infrastructure needed to store and access the 
linked data. Some questions need to be answered before-
hand: how will data be stored safely? What is the cost for 
the infrastructure? How will data be protected? How can 
data be accessed in a safe and easy way [28]?. In the case 
of HISlink, the linked data was stored on the IMA server 
and researchers access it securely using a token.

Finally, analysing linked datasets raises a number 
of additional ‘statistical’ challenges for researchers. 
Although linked data has several advantages, it is impor-
tant to bear in mind that the limitations of both data 
sources remain even after the linkage. Researchers need 
to be aware of this to understand and interpret the results 
carefully. In addition, in the event of linkage errors, spe-
cific statistical methods need to be applied [35, 46]. Fur-
thermore, with the complexity of administrative data, it 
is often necessary to involve an expert on this data in the 
analysis stages as well as when interpreting the results. 
In our case, the BCHI data is collected for administrative 
purposes, not for epidemiological research. It is therefore 
not easy to understand and use. Expert advice is often 
needed to make good choices when planning the analy-
sis. The IMA’s single point of contact and the many expe-
rienced Sciensano researchers are well-qualified to fulfil 
this requirement.

Ethical, legal and societal aspects
The most important concerns facing data linkage are 
privacy and confidentiality issues [52]. With the imple-
mentation of the GDPR in 2018, new decision-making 
bodies were established for the authorisation of data 
linkage, and privacy and confidentiality issues were rede-
fined. Because of these confidentiality issues, institutional 
review board (IRB) approval is often required to link the 
data. However, such IRB approval processes are usually 
complex and time-consuming, especially when the link-
age is not consent-based. For both HISlink 2013 and HIS-
link 2018, it took several months to get the IRB approval. 
Therefore, to facilitate data linkage and overcome the 
lengthy negotiation and ad hoc approval processes for 
each BHIS-BCHI linkage, it would be useful to set up 
some kind of umbrella agreement protocol for public 
institutions such as Sciensano, to cover several years and 
several waves of BHIS-BCHI linkages.

To preserve privacy and prevent the disclosure of 
sensitive information, data linkage often relies on the 
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separation principle of linkage and analysis processes, 
meaning that those conducting the linkage (often TTPs) 
only have access to a set of identifiers, whilst those ana-
lysing the linked data only have access to de-identified 
attribute data [17]. However, this type of approach 
causes a significant delay in the linkage process due to 
the administrative steps that take time (e.g. the signature 
of an official agreement between the parties involved). 
Furthermore, although this approach reduces the risk 
of disclosure of sensitive information about individuals, 
it means that important aspects of the linkage process 
are obscured, which makes it difficult for researchers to 
judge the reliability of the resulting linked data for their 
required purposes [17, 47].

Respecting respondents’ rights and maintaining their 
trust are further considerations. According to the new 
EU data Act, trust and altruism are essential in secondary 
data use [53]. When researchers plan to link data as part 
of a future survey, citizens must be able to decide whether 
they want to share their data, they must be informed that 
their data is being used and by whom. In other words, 
they need to opt-in through informed consent [1, 9, 54, 
55]. Informed consent is required to ensure that respon-
dents are aware of the risks and benefits involved in 
releasing and linking their personal data for research pur-
poses, even though obtaining the opt-in linkage consent 
from all respondents is a challenging task. To link histori-
cal survey data to administrative data, there are excep-
tions to the requirement for informed consent, especially 
if contacting study participants is impossible or unrea-
sonable [1, 9]. The GDPR contains specific exemptions 
to informed consent as a legal basis for the use of data 
to escape a ‘consent or anonymise approach’ or a ‘fetishi-
sation of consent’, especially in the case of observational 
health research [56]. For the BHIS2013 and BHIS2018 
linkages, because of the disproportionality to inform and 
seek consent from all BHIS participants and also because 
the authorization procedure was implemented prior to 
the GDPR, we proposed that the acquisition of consent 
from BHIS participants was obtained by way of a waiver, 
and this approach was accepted by the IRB. While these 
exemptions to informed consent are possible for his-
torical data linkages, for any planned future linkages, 
researchers must seek informed consent from partici-
pants during the survey.

Lessons learned related to the outcomes
Without a doubt, the HISlink offers the potential to 
obtain more comprehensive data on the population’s 
health, facilitating new research perspectives for pub-
lic health as demonstrated in this study. The BHIS data 
are only available every 5 years and some studies require 
more comprehensive data than the current linked data. 
The HISlink can be seen as a first step towards more 

comprehensive data linkages. To ensure that the benefits 
of data linkage are fully maximised, it is important to 
consider the inclusion of other administrative data such 
as hospital discharge data, mortality data, environmental 
data, primary electronic medical record (EMR), etc. For 
example, extending linked data to hospital discharge data 
could help target internal quality improvement efforts for 
specific patient groups (e.g., preventive care for diabet-
ics) or help assess the determinants of hospitalisation and 
understand the underlying factors that influence length 
of hospitalisation. A linkage with the EMR may also be 
useful for studying appropriate polypharmacy, for exam-
ple. However, in some countries such as Belgium, there 
is currently no integrated primary EMR. Only a few sen-
tinel networks exist, such as the Intego database. For the 
future, consideration needs to be given to establishing a 
legal framework for such an integrated database.

At international level, the linkage between survey and 
administrative data has also proven its value. Indeed, 
such a linkage has been widely used in validation stud-
ies [10, 57, 58], but also in addressing specific research 
questions. For example, using health survey data linked 
to administrative health services data, the Institute for 
Clinical and Evaluative Sciences (ICES) researchers in 
Ontario, Canada, developed and validated an algorithm 
for population-based prediction of diabetes - the Dia-
betes Population Risk Tool (DPoRT) that accurately 
predicts diabetes risk in a population [59]. The linkage 
of Canadian Community Health Survey (CCHS) with 
medical claim data, has been used to investigate individ-
ual-level characteristics that are associated with commu-
nity-dwelling high-cost users. They found that high-cost 
users status was strongly associated with being older, 
having multiple chronic conditions, and reporting poorer 
self-perceived health. The authors further found that 
high-cost users tended to be of lower socio-economic 
status, former daily smokers, physically inactive, cur-
rent non-drinkers, and obese [60]. Finally, the linkage of 
survey and administrative data has been used to address 
methodological issues such as bias adjustment [61–63] or 
non-response analysis [64].

The BCHI data does not contain clinical information. 
In addition, there is no information on non-reimbursed 
care in the BCHI data. Although information is avail-
able on vital status, there is no information on cause of 
death. The absence of such important information pre-
vents some policy-oriented research questions from 
being answered better. In future, efforts could be made to 
include more data sources in HISlink, and an initial step 
would be to include hospital discharge data.

The BCHI data is only available two years after con-
sumption, meaning that the linkage can only be made 
with a two-year delay which precludes ‘real time’ link-
age. Data availability should be accelerated in the short 
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to medium term given the widespread use of electronic 
billing.

Furthermore, with the limited sample size of the BHIS 
(about 10,000 participants), subgroup analysis is impos-
sible or yields inaccurate results, for example for rare 
events or specific subgroups.

Finally, access to linked data is thus far highly restricted 
due to legal constraints. Only Sciensano researchers that 
are registered with the IMA as the users of the linked 
data have access to the data. To take further advantage 
of the linked data, the data owners, i.e., Sciensano, the 
IMA and the sponsor (NIHDI) could retain ownership 
but make the data available to other research studies in 
line with the primary objective of HISlink, subject to the 
owners’ approval. One example of such an approach in 
cancer research is the National Cancer Institute’s (NCI’s) 
linked Surveillance, Epidemiology and End Results 
(SEER)-Medicare files where the NCI retains ownership 
of the data and releases it for approved research studies 
that guarantee the confidentiality of the patients and pro-
viders in the SEER areas [65].

Recommendations for future linkages
This study provides important information with regard 
to the individual linkage of survey data and health-insur-
ance administrative data that other studies can build on. 
Based on our experience, there are a number of aspects 
that need to be taken into account to ensure the success 
of data linkage in future research. The recommendations 
related to the ethical, legal and societal aspects, technical, 
practical challenges, as well as those related to the out-
comes are summarized in Table 3, and the main ones are 
further elaborated below.

Recommendation 1: gain and maintain the citizens trust in 
secondary use of data and data linkage
With the implementation of the GDPR, the consent 
form became mandatory for future planned linkages. 
Researchers need to put in place strategies to gain the 
trust of and to involve citizens whose data will be linked 
[66]. The perceived risk to privacy and data confidenti-
ality constitutes one of the primary reasons why respon-
dents decline the linkage request [55]. It is therefore 
important to emphasise the merits of the research, to 
stress the importance of altruism (contribution to soci-
ety) and to address respondents’ privacy and confidenti-
ality concerns by informing them of the safeguards put in 
place to protect their data.

Recommendation 2: improve the communication with the 
participant, so there is more willingness to give a consent for 
linkage
The literature suggests a strong correlation between 
respondents’ understanding and how likely they are to 

give consent [55, 67]. To achieve higher consent rates, it 
is necessary to shed light on respondents’ understand-
ing of the linkage consent. Several approaches have been 
proposed to improve linkage consent rates. One of these 
consists of providing key subgroups that are less likely to 
understand the linkage request, with additional targeted 
explanatory or informative material. Another approach 
would be to use tailored messages by asking the con-
sent understanding questions first, then doing a targeted 
intervention to address any misunderstandings, before 
administering the linkage request. It is preferable to ask 
for linkage consent upfront, which yields higher consent 
rates [9, 45, 50, 51].

Recommendation 3: adapt the need for consent to the 
context of the linkages
For linkages between datasets that already exist, a clear 
framework of acceptable practices needs to be devel-
oped, which the European Health Dataspace initiative is 
attempting to do [70]. To maintain population trust in 
secondary use of data and data linkage, it is imperative 
that this framework is in line with citizens’ values [66]. A 
clear distinction should be made between:

1) Routine linkages, which are usually for primary use 
and where implicit consent can be assumed because it 
concerns direct clinical care. However, a harmonized 
framework needs to be developed in order to streamline 
secure data flows;

2) Necessary linkages, in a public health crisis, as exem-
plified by the COVID-19 pandemic and where consent 
should not be required [71]; and.

3) Linkages for public health research and surveillance 
or other scientific research in the public interest, where 
the preferred legal basis should not be consent, but an 
explicit legal and ethical framework that is developed by 
the national health data authorities, resulting in a feder-
ated network of Findable, Accessible, Interoperable and 
Reusable (FAIR), linkable data sources governed by rules 
that are trusted both by researchers and citizens.

Recommendation 4: advoid the ‘link and destroy model’
Many challenges remain before this can become a real-
ity, but it would resolve the administrative burden, 
the need for case-by-case consideration and the over-
all uncertainty and inefficiency surrounding data link-
age [72]. From a broader perspective, it will be useful to 
have streamlined approval processes for efficient data 
access. Indeed, some jurisdictions adopt approaches for 
timely and cost-effective access to linked data (e.g. those 
in Ontario, Wales and Australia where linkage keys can 
be held in perpetuity), others such as in Belgium are 
restricted by the ‘link and destroy’ model, where linked 
data cannot be reused or are destroyed after a predefined 
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dataretention time. In turn, these impact on the availabil-
ity and accessibility of data for research and policy devel-
opment (17).

Recommendation 5: take up initiatives to work towards a 
better balance between the right to privacy of respondents 
and society’s right to evidence-based information to improve 
health
Privacy considerations must strike a balance between the 
privacy rights of respondents and society’s right to evi-
dence-based information to improve health.

Although the separation principle of linkage and 
analysis processes (as implemented at: the Data Link-
age Branch in Western Australia, the Centre for Health 
Record Linkage (CHeReL) in New South Wales [73], the 
Secure Anonymous Information Linkage (SAIL) Data-
bank in Wales [74], the Centre for Data Linkage (CDL) 
in Australia [75], the Manitoba Centre for Health Policy 
in Canada [73]) is recognised as good practice for pro-
tecting confidentiality, allowing linkage and analysis 
to take place together provides opportunities for both 
in-depth evaluation of linkage quality, and method-
ological advances in linkage techniques [76, 77]. Such 
an approach is in operation at the Institute for Clinical 
Evaluative Sciences (ICES) in Ontario. The ICES is legally 
allowed to receive fully identifiable data in order to per-
form linkage, to assess data quality and to provide coded 
data to research staff within the organisation. They oper-
ate a hierarchical access policy, which means that only a 
specific number of people have the highest level of access 
to all data elements, and most researchers can only access 
de-identified, coded data relevant to their study [73]. The 
linkage approach as applied at Statistics Netherlands 
constitutes a good practice in Europe [49–51].

Recommendation 6: optimize the way to deal with ethical 
and privacy requirements in order to be able to carry out data 
linkages in a reasonable time
Beside the privacy and confidentiality issues, research-
ers should be aware of some technical aspects such as 
the complexity of the linkage process which often results 
with a delay in the linkage process. Getting the agree-
ment signed between the parties involved was a crucial 
factor in delaying the process, especially when several 
parties are involved. Therefore, a formal, pre-established 
accreditation that negates the need for new signatures at 
each linkage (ad hoc approval) for institutions that are 
entitled to request a data linkage, would be a further step 
towards reducing the delay and facilitating the data link-
age process.

Recommendation 7: plan ahead the linkage of survey and 
administrative data, particularly where there is no unique 
identifier that can be used as a linkage key
If the linkage cannot rely on a unique identifier, research-
ers should identify more relevant variables (e.g., age, 
gender, date of birth, name, etc.) that will allow the con-
struction of an almost perfect identifier for probabilistic 
linkage. As data linkage often relies on the separation of 
linkage and analysis processes, researchers should assess 
the linkage errors and quality of the linked data before 
conducting any further analysis. Several methods can be 
used to evaluate linkage quality, including the use of gold 
standard or reference data, sensitivity analyses, a com-
parison of the characteristics of linked and unlinked data, 
or post-linkage data validation [17, 35].

Recommendation 8: apply strategies to improve the linkage 
rates
Although the use of deterministic linkage methods has 
resulted in a relatively higher linkage rate, this approach 
is known to give rise to a number of missed matches 
(e.g. in the case of even a single digit error in the NRN). 
Therefore, a combination with subsequent probabilistic 
methods for unlinked cases to the deterministic link-
age step would certainly result in a higher linkage rate. 
In addition, another explanation why the linkage was 
not always possible for everyone would be that only the 
NRN of the reference person was available and the others 
had to be found on the basis of household composition 
and socio-demographic characteristics. This approach 
is probably linked to the BHIS sampling strategy. How-
ever, BHIS household composition may differ from BCHI 
household composition or may change over time. There-
fore, including the NRN of all individuals included in the 
survey, regardless of household composition would prob-
ably improve the linkage.

Recommendation 9: demonstrate to funders and policy 
makers the usefulness of linkages, raise awareness of such 
initiatives and continue to promote the linkage between 
databases
The linked data is an important source for population 
health research. Its use by researchers can bring huge 
benefits in terms of providing a more complete picture 
of the population’s health. However, within the context of 
budgetary constraints, it is important for researchers to 
demonstrate to funders and policy makers the usefulness 
of such linkage in order to maintain project funding and 
sustainability and to raise awareness of such initiatives. 
From a public health perspective, policy makers should 
continue to invest in data linkages; and the inclusion of 
other data sources (such as primary-care data and hos-
pital discharge data) will augment the use of the linked 
data to expand the evidence base for policy makers and 
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practitioners, which could therefore enrich population-
based surveillance and research in the field of public 
health. However, in that case, there is a need to develop 
an overarching infrastructure. Since making linkages 
between multiple datasets would be very challenging, 
to be really cost-effective, it would be better to have 
an infrastructure that would allow access to different 
research institutes.

Recommendation 10: consider substituting HIS information 
by administrative data as much as appropriate
In view of the current challenges facing surveys, there is 
need to keep survey questionnaires as short as possible. 
Hence the more information can be obtained through 
other sources, the shorter can be the questionnaire. 
When possible, self-reported items should be replaced 
by administrative data. This will be the case, for exam-
ple, for cancer screening, reimbursed healthcare use or 
reimbursed drug use. However, it is important to keep in 
mind that the replacement of self-reported information 
by administrative data can have certain limitations since 
administrative data have their own shortcomings (e.g., 
incomplete or missing data, recording errors).

Conclusions
Data linkage provides important added value for pub-
lic health researchers. From a public health perspective, 
policy makers should continue investing in data link-
ages; and the inclusion of other data sources such as 
primary care data and hospital discharge data will aug-
ment the use of the linked data to expand the evidence 
base for policy makers and practitioners, and can thus 
enrich population-based surveillance and the field of 
research into public health. Considering the strengths 
and limitations of different data sources, the opportu-
nity to link several data sources could potentially enable 
a wider range of research questions to be addressed. 
However, linking survey data to administrative data is 
not without its challenges and these have to be tackled. 
Although some aspects of the HISlink may be specific to 
the Belgian context, we believe that this study has a much 
broader application and could be useful to researchers 
who plan to link health survey data with health adminis-
trative data for their respective projects.
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