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Abstract
Aims  Atherosclerotic cardiovascular disease (ASCVD) continues to pose a growing burden driven by aging, 
comorbidities, and socioeconomic vulnerability. Yet, the regional distribution of these disparities remains poorly 
characterized, partly because no single dataset provides comprehensive ASCVD surveillance data. To address this gap, 
we combined insights from small-area health insurance claims and individual-level primary care data to assess how 
socioeconomic vulnerability relates to ASCVD indicators across regional contexts in Belgium.

Methods  We conducted a cross-sectional study using two complementary data sources: (i) small-area ASCVD 
indicators from a nationwide health insurance organization and (ii) individual-level clinical diagnoses from a general 
practice (GP) registry in Flanders. A multidimensional small-area socioeconomic vulnerability index was constructed 
using established methodology. Associations were examined using Spearman correlation, Mann-Whitney U tests, 
bootstrapping, and hierarchical logistic regression models.

Results  Both small-area health insurance claims data and small-area predictions derived from individual-level GP 
registry data revealed regional disparities in ASCVD prevalence that overlapped with patterns of socioeconomic 
vulnerability. Socioeconomic vulnerability was positively correlated with ASCVD prevalence at both small-area and 
individual levels. In the claims dataset, the median ASCVD prevalence was 1.57 times higher (95% CI: 1.46–1.65) 
in high-vulnerability areas compared with low-vulnerability areas. In the GP registry, overall ASCVD prevalence 
was 6.46%, with marked disparities by age, sex, socioeconomic status, and lipid-lowering medication. Increased 
compensation, a proxy for individual-level socioeconomic vulnerability, was associated with higher ASCVD 
prevalence, particularly among individuals not receiving lipid-lowering therapy. Small-area risk estimates of increased 
compensation derived from the GP registry showed moderate agreement with the multidimensional vulnerability 
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Introduction
Cardiovascular disease (CVD) remains the leading cause 
of death globally, accounting for approximately one-third 
of all deaths and placing a substantial burden on health-
care systems [1, 2]. Atherosclerotic cardiovascular dis-
ease (ASCVD) represents around 85% of all CVD cases 
and continues to exert a growing societal impact due 
to aging populations, increased prevalence of diabetes, 
hypertension, obesity as well as persistent health inequi-
ties in access to preventive care and treatment [3, 4].

In Belgium, ASCVD accounts for approximately one-
fourth of annual deaths [3], with substantial regional 
disparities in ASCVD-related mortality rates between 
the North (Flanders) and South (Wallonia) regions [5]. 
These differences are likely influenced by variations in 
local socioeconomic conditions [6, 7], as socioeconomic 
status (SES) is consistently linked with cardiovascular 
health and ASCVD outcomes [8, 9]. To describe the SES 
of a population, the World Health Organization (WHO) 
defines the social determinants of health (SDOH), which 
“are the conditions in which people are born, grow, live, 
work and age, and people’s access to power, money and 
resources“ [10]. Both individual-level and area-level 
SDOH (e.g., income, education, employment) contribute 
to disparities in ASCVD outcomes [11].

SES is inherently multifactorial but often approximated 
by unidimensional proxies such as income, employment, 
or education [8]. While these measures may inadequately 
capture the multifactorial nature of SES and its relation 
with ASCVD risk [8], the social and physical environ-
ment of the area where people live may influence car-
diovascular risk, in addition to individual socioeconomic 
characteristics [12]. Multidimensional, composite area-
level indices that integrate several SES domains have 
therefore been developed to characterise these commu-
nity-level characteristics [13–16]. These indices have 
demonstrated associations with ASCVD risk in multiple 
countries [7, 17]. They may enable a better understanding 
of the spatial relationship between socioeconomic vul-
nerability and ASCVD, which is essential for designing 

geographically targeted and data-driven prevention 
strategies.

However, in Belgium, several limitations hinder these 
analyses. National ASCVD prevalence data are outdated, 
and the most recent Belgian Index of Multiple Depriva-
tion (BIMD) dates back to 2011 [16]. Moreover, no study 
has yet examined spatial association between socioeco-
nomic vulnerability and ASCVD risk. Finally, it remains 
unclear whether existing datasets are meaningfully 
aligned to support such analyses.

To address these gaps, the study aims to: (i) estimate 
the small-area prevalence of ASCVD in Belgium using 
two distinct data sources; (ii) construct an updated, mul-
tidimensional area-level deprivation index; (iii) assess 
associations between socioeconomic vulnerability and 
ASCVD risk, and their regional variations; (iv) compare 
the findings across the two datasets to evaluate consis-
tency and identify potential discrepancies. Addition-
ally, we developed a customized geoportal for mapping 
relevant data layers, enabling stakeholders to visualize 
regional disparities intuitively.

Methods
Study design and data sources
We conducted a retrospective, observational study to 
assess the correlation between socioeconomic vulner-
ability and ASCVD prevalence for the year 2023. ASCVD 
data were obtained from two complementary sources: (1) 
small-area administrative data from the health insurance 
fund, Multualités Libres - Onafhankelijke Ziekenfondsen 
(MLOZ), and (2) individual-level clinical data from the 
Intego-II primary care database [18].

MLOZ: small-area claims data
In Belgium, health insurance is required for all regis-
tered residents and provided through one of the seven 
insurance funds. MLOZ is the third-largest fund, cover-
ing approximately 18% of the Belgian population. Small-
area data were provided at the level of municipality and 

index. An accompanying geoportal visualizes small-area data, enabling stakeholders to identify high-vulnerability 
areas and support targeted public health interventions.

Conclusion  Combining small-area health insurance claims with individual-level primary care data provides a more 
comprehensive framework for cardiovascular health surveillance, revealing socioeconomic disparities that are not 
fully captured by either dataset alone. The agreement between the findings from these data sources strengthens 
confidence in the observed spatial patterns and highlights regional inequalities in indicators of ASCVD prevalence 
across Belgium, underscoring the value of integrated data approaches for public health monitoring and the need for 
localized public health interventions addressing both area-level and individual-level social determinants of health.
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statistical sector, the latter being the smallest geographi-
cal unit in Belgium [19].

The data underwent a privacy risk assessment, per-
formed by an independent third party Cascador Health, 
to minimize re-identification risk and ensure GDPR-
compliant reporting. They applied a k-anonymity rule 
and suppressed strata where the count was smaller than 
three (i.e., small cells), and additionally flagged strata 
with a denominator smaller than 25 as potentially statis-
tically unstable.

Following the exclusion of small cells for privacy rea-
sons, the dataset encompassed 20% of the Belgian sta-
tistical sectors, distributed heterogeneously across the 
country, which limited their suitability for the present 
analyses. For this reason, we restricted our analyses to 
the municipality level, where coverage was near-com-
plete. In 2023, Belgium comprised 581 municipalities. 
Data included ASCVD indicators related to cardiovascu-
lar interventions and the dispensation of reimbursed car-
diovascular drugs per geographical unit, detailed in the 
study population and data variables section. For simplic-
ity, this dataset will be referred to as ‘small-area claims 
data’ throughout this paper.

Intego: GP registry data
The Intego-II primary care database is a general practice-
based morbidity registration network coordinated by the 
Department of Public Health and Primary Care of KU 
Leuven. It contains pseudonymized patient-level health 
data from general practitioners (GPs) across Flanders, 
covering 7.35% of the Flemish population [18]. Currently, 
the network comprises 135 active general practice cen-
ters using Corilus CareConnect® software [18]. Data are 
automatically collected during routine care and include 
diagnoses, sociodemographic information, prescriptions, 
vaccinations, laboratory results and biomedical param-
eters, such as blood pressure, height and weight. The 
registry is hosted on the Healthdata platform [20]. For 
simplicity, this dataset will be referred to as ‘GP registry 
data’ throughout this paper.

Publicly available datasets
Publicly available datasets were used to develop a mul-
tidimensional socioeconomic vulnerability index similar 
to the Belgian Index of Multiple Deprivation (BIMD) [3] 
and to predict small-area ASCVD prevalence in Flanders 
from the GP registry model. Data were sourced from the 
Intermutualistic Agency (IMA), Statbel, and the Federal 
Police of Belgium. IMA aggregates patient data from all 
seven Belgian health insurance funds on a single plat-
form and provides demographic, socio-economic and 
healthcare reimbursement data. Aggregated data are 
publicly accessible from ​h​t​t​p​​s​:​/​​/​a​t​l​​a​s​​.​i​m​​a​-​a​​i​m​.​b​​e​/​​d​a​t​a​b​a​n​
k​e​n. Statbel, the Belgian statistical office, provides ​p​o​p​u​l​

a​t​i​o​n data at https://statbel.fgov.be. Crime statistics were 
obtained from the federal police at www.politie.be.

Study population and data variables
Small-area claims data
The study population included all individuals who were 
members of MLOZ at any point in 2023 and officially 
resided in Belgium. More detailed information about 
the demographic distribution with respect to the Belgian 
population and geographic coverage is included in Addi-
tional file 1, Table A1_1, and Figure A1_1, respectively. 
The data analysed included proportions at the municipal-
ity level, in line with standard small-cell risk mitigation 
strategies to protect individual privacy.

Two categories of indicators were defined: interven-
tional and pharmacological indicators, which are detailed 
in Additional files 2 and 3, respectively. Interventional 
indicators were selected as the primary proxy for ASCVD 
prevalence because they indicate established disease. 
In contrast, pharmacological indicators in the claims 
data are broad and non-specific, as lipid-lowering and 
antihypertensive medications are prescribed for both 
primary and secondary prevention and for conditions 
unrelated to ASCVD, while also failing to capture indi-
viduals with established ASCVD who are untreated or 
not recorded as chronic users. Interventional indicators 
included ASCVD-related surgical procedures and inter-
ventions, captured using nomenclature codes, defined by 
the National Institute for Health and Disability Insurance 
and validated by three clinical experts (Additional file 2). 
Proportions were calculated for the overall study popula-
tion and stratified by age (< 50 years vs. ≥50 years), and 
by increased healthcare reimbursement status (proxy 
for socio-economic vulnerability). Age was dichoto-
mized at 50 years, reflecting a pragmatic threshold at 
which ASCVD risk increases markedly, and represent-
ing the finest age stratification feasible at the munici-
pality level, given privacy-related small-cell constraints. 
The numerator was the number of individuals with any 
ASCVD-related intervention between January 1, 2013, 
and December 31, 2023 per stratum, and the denomina-
tor was the corresponding number of individuals in the 
study population per stratum.

Pharmacological indicators reflect chronic use of 
medications with lipid-modifying agents identified by 
Anatomical Therapeutic Chemical Classification Sys-
tem (ATC) codes starting with “C10” (Additional file 3). 
Chronic use is pragmatically defined as at least 80 daily 
defined doses per year [21]. The administrative database 
contained only information on dispensed and reimbursed 
medications. Proportions were obtained for medications 
containing statins only and for those including statins 
and other lipid-lowering medication. Numerators were 
the number of individuals in the study population with 
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chronic use in 2023, and denominators were the number 
of individuals in the study population. These proportions 
were also stratified by age group.

GP registry data
The GP registry’s study population included all patients 
who had at least one clinical encounter with a GP in 
2023, i.e., the yearly contact group of that year. Patients 
who died in 2023 or resided in municipalities outside of 
Flanders were excluded from the analysis. More detailed 
information about the demographic distribution with 
respect to the Flemish population is included in Table 
A1_2 in Additional file 1.

For each patient, we extracted the following variables: 
ASCVD status, defined as a confirmed diagnosis of 
ASCVD based on International Codes of Primary Care 
(version 2; ICPC-2) codes recorded before December 
31, 2023 (Additional file 4); medication use, indicated 
by a prescription for lipid-lowering medications in 2023 
(Additional file 3); sex (male or female); age (categorized 
as < 50 and ≥ 50, using the same cut-off as in the small-
area claims data to ensure comparability across datasets); 
increased compensation status, reflecting whether the 
patient receives enhanced reimbursement for healthcare 
as a proxy for socioeconomic vulnerability; municipality, 
representing the patient’s place of residence; and an iden-
tifier for visited practice. Increased compensation status 
(in Dutch: “verhoogde tegemoetkoming”) is a categorical 
Belgian health insurance benefit granted to socially vul-
nerable groups, including low-income households and 
recipients of social assistance, entitling them to a higher 
reimbursement rate for healthcare costs (see Additional 
file 5).

Compared with the small-area claims data, which 
reflected chronic use of dispensed and reimbursed 
lipid-lowering medications, the GP registry captured 
prescribed lipid-lowering medications at the individ-
ual patient level. ASCVD status in the GP dataset was 
based on clinically confirmed diagnoses recorded by 
GPs, whereas in the small-area claims data, ASCVD 
was inferred indirectly through diagnostic codes asso-
ciated with reimbursed interventions. The GP registry 
thus allowed for individual-level analyses, but only at 
the municipality level in Flanders, while the claims data 
enabled analyses across the whole of Belgium.

Statistical analysis
We followed a four-step analysis plan to: (i) estimate the 
small-area prevalence of ASCVD, (ii) compute a mul-
tidimensional socioeconomic vulnerability index, (iii) 
evaluate the association between socioeconomic vulner-
ability and ASCVD prevalence, and (iv) compare results 
between the small-area claims and GP registry datasets. 
Each step is described in detail below.

Step 1: Estimation of ASCVD prevalence
Interventional indicators were used as a primary proxy 
for ASCVD prevalence in the small-area claims dataset, 
while pharmacological indicators served as an additional, 
more illustrative proxy. The GP registry data provided 
patient-level information and enabled estimation of 
ASCVD prevalence at the regional level (Flanders) [18], 
but did not allow reliable comparisons between munici-
palities due to imbalanced coverage.

To estimate small-area, municipality-level, ASCVD 
prevalence from the GP registry data, we first modelled 
the relationship between ASCVD and key covariates and 
then predicted through this model municipality-level 
prevalences using publicly available population data from 
IMA, which provided data on the number of inhabitants 
per municipality and per strata of age group, sex, and 
increased compensation. We applied a binomial general-
ized linear mixed model (GLMM) that included the fol-
lowing fixed effects: age group (< 50, ≥ 50), sex, increased 
compensation, medication use, and an interaction term 
between increased compensation and medication use. 
Random intercepts to account for the hierarchical nature. 
The model is detailed in Additional file 6.

Because medication use was not available in the IMA 
data, we estimated medication use proportions for each 
stratum of age, sex, and increased compensation based 
on the GP registry data. Using the fixed effects from the 
GLMM together with these estimated medication use 
proportions, we predicted ASCVD prevalence at the 
municipality-level for the IMA population. To facili-
tate these predictions, we used a model without random 
effects. The municipality-level ASCVD prevalence pre-
dictions obtained were then used to generate a preva-
lence map for Flanders (see Additional file 6).

Step 2: Computation of the multidimensional socioeconomic 
vulnerability index
As the most recent Belgian Index of Multiple Depriva-
tion (BIMD) dated from 2011, we constructed a current 
multidimensional small-area socioeconomic vulnerabil-
ity index, following the same methodological framework 
with six domains of deprivation: income, employment, 
education, housing, health, and crime. Adaptations were 
made to specific indicators within these domains based 
on data availability (see Additional file 7). Individual indi-
cators were initially aggregated into six domain-specific 
scores, which were subsequently combined to derive an 
overall vulnerability score. At both stages, the same pro-
cedure was applied: inputs were standardized through 
ranking and scaling, and then summed according to the 
weights specified in the original publication. The range 
of the vulnerability index varies between 1 and 100, from 
least deprived [1] to most deprived (100).
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Step 3: Assess associations between ASCVD prevalence and 
socioeconomic vulnerability
We assessed the association between ASCVD prevalence 
and socioeconomic vulnerability using Spearman corre-
lations and the Mann-Whitney U test on both small-area 
claims data and model-based predictions from the GP 
registry. The vulnerability index was divided into quin-
tiles, and differences between the most (top quintile) and 
least (bottom quintile) vulnerable municipalities were 
tested with the Mann-Whitney U test. A nonparamet-
ric bootstrap procedure was used to estimate the rela-
tive difference (multiplicative effect) between the median 
ASCVD ratios of high- and low-vulnerability municipali-
ties, yielding point estimates and 95% bootstrap confi-
dence intervals. Individual-level associations from the 
GP registry were evaluated using the GLMM described 
in “Step 1” and in Additional file 6.

Step 4: Compare findings from small-area claims data and 
GP registry data
We compared ASCVD prevalence and socioeconomic 
vulnerability measures from the two data sources by 
using Spearman’s rank correlation. In the GP registry 
data, SES was approximated by the indicator of receiving 
increased compensation. To examine whether this SES 
indicator reflects similar spatial patterns as the vulner-
ability index, we estimated municipality-level odds ratios 
of receiving increased compensation using a Binomial 

GLMM accounting for sex, age, and practice. The model 
is detailed in Additional file 6.

Geoportal
ASCVD prevalence indicators of the small-area claims 
data and the vulnerability index were visualized as choro-
pleth maps on a customized Geoportal hosted on Ama-
zon Web Services, Inc. server. The indicators were made 
available as countrywide spatial data layers aggregated to 
municipality and statistical sector level. Data from the 
GP registry was excluded from this visualization because 
it does not cover the whole country but only the Flanders 
region of Belgium. The portal can be accessed at ​h​t​t​p​​s​:​/​​/​a​
s​c​​v​d​​-​h​e​​a​t​m​​a​p​.​e​​p​c​​o​n​.​a​i​/.

Software and analysis
The small-area claims data were analysed in Python (ver-
sion 3.12.5). All GP registry analyses were conducted in 
R (version 4.0.5). GP registry models were fitted using 
the R-INLA package with Integrated Nested Laplace 
Approximation (INLA) for approximate Bayesian infer-
ence. Model selection was based on Deviance Informa-
tion Criterion (DIC) and Watanabe-Akaike Information 
Criterion (WAIC). After a prior sensitivity check, default 
INLA priors were applied for the precisions of the two 
random effects (τ ∼ Gamma (0,0.00005)). Parameter 
estimates were reported with 95% credible intervals. 
Spearman correlations and Mann-Whitney U tests were 
performed using a significance level of 0.05.

Results
Study population characteristics
The small-area claims database comprised 2,291,621 cli-
ents across the country. This population included 809,238 
people who were 50 years and older (≥ 50), and 1,482,383 
people younger than 50 years (< 50), with an equal dis-
tribution of males and females. Compared with the gen-
eral Belgian population, individuals receiving increased 
compensation were underrepresented in the MLOZ 
dataset (14% vs. 20%; Additional file 1, Table A1_1). Geo-
graphic coverage of the MLOZ population across Belgian 
municipalities is shown in Figure A1_1 in Additional file 
1. Table 1 provides a descriptive view of the primary vari-
ables of interest expressed as proportions aggregated to 
the municipality level.

The GP registry’s dataset started with 428,170 adult 
patients in the yearly contact group of 2023. After exclud-
ing two patients without municipality information and 
3,561 patients residing outside of Flanders, the final study 
population consisted of 424,607 patients, representing 
99.17% of the original yearly contact group. Compared 
with the general Flemish population, the GP registry 
study population shows similar distributions by age, sex, 
and increased compensation status (Additional file 1, 

Table 1  Descriptive statistics of three indicators for ASCVD 
prevalence from the small-area claims data, expressed as %
Indicator (%) Subgroups Number of 

municipalities
Mean 
(sd)

Me-
dian 
(IQR)

ASCVD 
intervention

Overall 574 2.12 
(0.71)

1.99 
(0.85)

Increased 
compensation

422 0.45 
(0.30)

0.35 
(0.39)

No increased 
compensation

424 1.74 
(0.56)

1.68 
(0.55)

≥ 50 years 574 5.48 
(1.37)

5.38 
(1.79)

< 50 years 203 0.20 
(0.13)

0.18 
(0.13)

Statin Overall 580 10.18 
(2.58)

9.89 
(3.16)

≥ 50 years or 
older

579 25.5 
(4.46)

25.32 
(5.34)

< 50 years 527 1.30 
(0.51)

1.24 
(0.6)

Other lipid-low-
ering medication

Overall 576 4.26 
(1.45)

4.00 
(2)

≥ 50 years 575 10.48 
(2.76)

10.05 
(4.03)

< 50 years 451 0.66 
(0.31)

0.58 
(0.37)
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Table A1_2). An overview of the study population char-
acteristics can be found in Table 2.

Prevalence of ASCVD
Table  1 presents descriptive statistics of the small-area 
claims data at municipality level concerning three indica-
tors for ASCVD prevalence. For each of the three indica-
tors, it includes the number of municipalities for which 
we received a value after excluding small cells, along with 
the mean, standard deviation, median, and the quartiles 
over the corresponding municipalities. For example, 
the mean ASCVD intervention proportion across 574 
municipalities was 2.12%, with the median at 1.99%. 
Similar numbers are shown for the stratified ASCVD 
intervention, statin, and other lipid-lowering medication 
proportions.

Overall ASCVD prevalence in the GP registry data was 
6.46% and differed markedly across subgroups: 13.86% in 
patients aged 50 or older versus 0.95% in those younger 
than 50, 7.71% in males vs. 5.37% in females, 9.79% in 
patients with increased compensation versus 5.87% in 
those without, and 24.47% in patients with prescribed 
medication versus 2.79% in those without (see Table 2). 
Figure  1 displays the predicted ASCVD prevalence in 
Flanders. Higher prevalence is observed in western, 
coastal, and eastern areas, while lower predicted preva-
lence occurs around Brussels (bottom center), Ghent 
(center west) and Antwerp (center north).

Multidimensional socioeconomic vulnerability index
Figure 2 maps the vulnerability index at municipality-
level across Belgium and the municipality-level odds 
ratios of receiving increased compensation in Flanders 
from the GP registry. More vulnerable regions are located 
near the coast (north-west), in the east, and south-west. 
Specifically for Flanders, the municipality-level proxy 
for vulnerability from the GP registry shows a moder-
ate alignment with the vulnerability index (Spearman’s 
rho = 0.25, p-value < 0.001), with higher vulnerabilities 

in the east, Antwerp (north), three municipalities at the 
coast, and lower vulnerability around Brussels. Figure 
A6_2 in Additional file 6 additionally shows the upper 
and lower limits of the credible interval for the odds 
ratios.

Link between ASCVD prevalence and socioeconomic 
vulnerability
Small-area claims data
Area-level vulnerability was positively correlated with 
indicators for ASCVD prevalence, including overall 
ASCVD interventions, use of lipid-lowering medica-
tions, and the proportions by corresponding strata based 
on increased compensation and age. ASCVD interven-
tion was positively correlated with statin use, other lipid-
lowering medication use, and their stratified versions (see 
Figure A8_1 in Additional file 8).

ASCVD prevalence indicators differed significantly 
between the most and least vulnerable municipalities, 
as shown in Table  3 (intervention proportion: U = 1614, 
p < 0.001; statin use proportion: U = 4504.5, p < 0.001). 
The most vulnerable municipalities had higher median 
values than the least vulnerable (intervention proportion: 
2.7% vs. 1.72%; statin use proportion: 11.06% vs. 9.7%). 
Bootstrapping analysis showed that the median ASCVD 
intervention ratio was 1.57 times higher (95% CI: 1.46–
1.65) in highest vulnerable municipalities compared with 
lowest vulnerable municipalities. Figure A8_2 in Addi-
tional file 8 displays the distributions of both indicators 
in the highest and lowest vulnerable municipalities.

GP registry data
Municipality-level predicted ASCVD prevalence was 
positively correlated with municipality-level vulnerabil-
ity (Spearman’s rho = 0.244, p-value < 0.001). Results from 
the Mann-Whitney U-test showed that the predicted 
ASCVD prevalence was higher in highly vulnerable 
municipalities compared to those with low vulnerabilities 
(p-value < 0.001). Figure A8_3 in Additional file 8 displays 
the distributions of the predicted ASCVD prevalence in 
the highest and lowest vulnerable municipalities. Boot-
strapping analysis showed that the predicted ASCVD 
prevalence was 1.05 times higher (95% CI: 1.03–1.08) in 
high-vulnerability municipalities compared with low-
vulnerability municipalities. Additionally, results showed 
statistically significant associations between individual-
level factors and the prevalence of ASCVD (see Fig.  3). 
Males had higher odds of ASCVD (aOR = 1.43; 95% CI: 
1.40–1.47) compared to females. Older individuals had 
over eight-fold increased odds of ASCVD (aOR = 8.51; 
95% CI: 8.12–8.92) compared to younger ones. Increased 
compensation status and medication use were associated 
with higher odds of ASCVD, with a significant interac-
tion effect (0.77; 95% CI: 0.72–0.83). For individuals 

Table 2  Characteristics of the study population of the GP 
registry dataset
Variable Subgroup Number of pa-

tients (%)
Number of 
prevalent 
ASCVD cases 
(%)

Total 424,607 27,441 (6.46%)

Sex Female 226,252 (53.29%) 12,144 (5.37%)

Male 198,355 (46.71%) 15,297 (7.71%)

Age group Under 50 243,371 (57.32%) 2,313 (0.95%)

Over 50 181.236 (42.68%) 25,128 (13.86%)

Increased 
compensation

Yes 63.809 (15.03%) 6,246 (9.79%)

No 360.798 (84.97%) 21,195 (5.87%)

Medication use Yes 71,934 (16.94%) 17,604 (24.47%)

No 352,673 (83.06%) 9,837 (2.79%)
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without increased compensation, medication users had 
5.27 (95% CI: 5.10–5.44) times the odds of ASCVD than 
non-users. Among individuals with increased compensa-
tion, medication use was linked with a 4.06 (0.77*5.27) 
increase in ASCVD odds. For individuals without medi-
cation, increased compensation related to a 1.85 (95% CI: 
1.76–1.94) increase in ASCVD odds compared to those 
without increased compensation. For individuals using 
medication, the odds of ASCVD for those with increased 

compensation was 1.42 (0.77*1.85) times that of those 
without. The variance of the practice and the municipal-
ity random effects were 0.29 and 0.01, respectively, indi-
cating a substantial variation between practices.

Discussion
This study used a complementary, multi-level approach 
to examine ASCVD burden and socioeconomic vulner-
ability patterns in Belgium by analyzing two distinct 

Fig. 1  Geographic distribution of ASCVD intervention proportion based on small-area claims data across Belgium, at municipality level (A) and predicted 
ASCVD prevalence for municipalities in Flanders, obtained from the GP dataset (B). Darker color corresponds to a higher proportion and with elevated 
ASCVD prevalence. The white area at the bottom center of map B represents the Brussels capital region, which is not included in the region of Flanders, 
and not covered by the GP dataset
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Table 3  Comparison between ASCVD prevalence indicators in the most and least vulnerable municipalities (first and last quintiles)
Variables Groups N Sum of Ranks U test statistic P value Median (IQR)
ASCVD intervention Most vulnerable municipalities 113 18048.00 1614.00 < 0.001 2.70 (0.95)

Least vulnerable municipalities 117 8517.00 1.72 (0.48)

Statin Most vulnerable municipalities 115 15620.50 4504.50 < 0.001 11.06 (2.89)

Least vulnerable municipalities 117 11405.50 9.7 (2.55)

Fig. 2  Geographic visualization of the multidimensional vulnerability index across Belgium at municipality level (A) and the municipality-level odds ratios 
of receiving increased compensation in Flanders based on the GP registry data (B). The color scale goes from dark green (low vulnerability) to yellow 
(medium vulnerability) to red (high vulnerability)
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datasets: small-area health insurance claims data and 
individual-level GP registry data, both providing sur-
veillance insights at the municipality level. To enhance 
transparency, we developed a publicly accessible geo-
portal that visualizes geographic patterns of ASCVD and 
vulnerability, providing a novel resource for public health 
planning.

In 2022, approximately 750,000 Belgians were diag-
nosed with ASCVD [3]. Given a total population of 
11,697,557 on January 1, 2023, this corresponds to an 
estimated national prevalence of 6.41%. This closely 
matched the 6.46% prevalence from GP registry data for 
Flanders but was higher than the 1.99% prevalence based 
on ASCVD intervention proportions from small-area 
claims data. These numbers reflect different definitions 
of ASCVD and levels of aggregation suitable for distinct 
surveillance purposes. Intervention-based estimates 
capture insured individuals undergoing ASCVD-related 
procedures, serving as a proxy for ASCVD prevalence, 
but also a proxy for healthcare utilization patterns at the 
municipality level. In contrast, the GP registry captures 
diagnosed ASCVD cases, including patients managed 
without intervention, and therefore provides a better 
estimate of ASCVD prevalence in Flanders. The lower 
intervention-based estimate likely reflects the fact that 
not all individuals with ASCVD receive a procedure. 
Together, these complementary indicators illustrate both 
the clinical and procedural dimensions of ASCVD sur-
veillance in Flanders.

Our results revealed similar regional patterns of 
ASCVD prevalence across data sources, with higher val-
ues along the Belgian coast. This can largely be explained 
by demographic differences, as coastal municipalities 
tend to have a higher proportion of older residents, a key 
non-modifiable risk factor for ASCVD. The health insur-
ance claims data also indicated clear north–south dispar-
ities, consistent with previous analyses of cardiovascular 
mortality [5]. The vulnerability index identified highly 
deprived areas near the border of Flanders and Wallonia, 
municipalities in East Flanders, coastal municipalities, 
and in the South-West of Belgium, broadly overlapping 

with ASCVD prevalence maps. These patterns were con-
firmed statistically, showing higher ASCVD prevalence 
in the most vulnerable quintiles, underscoring persistent 
health inequalities [22].

However, when stratified by increased compensa-
tion status, the small-area claims data showed a slightly 
lower median ASCVD prevalence among those with 
increased compensation (0.35%) compared to those with-
out (1.68%). This finding contrasts with the individual-
level GP registry data, where increased compensation 
was associated with higher odds of ASCVD. While lower 
prevalence in the increased compensation group seems 
unlikely, given established risk factor patterns [23], the 
discrepancy may reflect different aspects of ASCVD bur-
den captured by each dataset. The claims-based ASCVD 
indicators may reflect healthcare utilization patterns 
rather than disease prevalence, potentially indicating dif-
ferential access to ASCVD-related procedures among 
socially vulnerable populations [24].

To validate our small-area claims-based findings 
and enable municipality-level predictions, GP registry 
data confirmed well-established associations between 
ASCVD and non-modifiable risk factors, with males hav-
ing higher odds than females, and individuals aged 50 or 
older showing substantially higher odds than those under 
50 years [3]. Increased compensation status, serving as a 
proxy for socioeconomic vulnerability, was also associ-
ated with higher ASCVD prevalence. These individual-
level patterns supported the feasibility of using GP data 
for area-level estimates of ASCVD burden. An interac-
tion between socioeconomic vulnerability and medica-
tion use suggested that medication use may vary across 
socioeconomic groups. This finding points to potential 
differences in treatment access or adherence that could 
influence cardiovascular outcomes across socioeconomic 
groups. While lower SES patients typically show disad-
vantaged treatment patterns [24–26], our results showed 
that in the non-ASCVD population, they were more 
likely to receive lipid-lowering medication. This observa-
tion may reflect the GP registry’s focus on care-seeking 
individuals, where low SES patients may be diagnosed 

Fig. 3  Forest plot of adjusted odds ratios with their 95% credible intervals from the GLMM
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with other risk factors when consulting a GP, which may 
lead to prescriptions of lipid-lowering medication [27]. 
This also illustrates important considerations for inter-
preting surveillance data from GP registries.

A major strength of this study lies in its integration of 
small-area ASCVD data with a multidimensional socio-
economic vulnerability index. While previous stud-
ies have typically assessed individual indicators such as 
income, education, or employment in isolation [6–8], 
our approach captures the combined effects of multiple 
socioeconomic dimensions. The correlation between 
the vulnerability index and ASCVD indicators supports 
its validity and highlights its potential as a comprehen-
sive measure of social vulnerability. Visualizing these 
data on a mapping platform enables identification of spe-
cific subnational regions with higher vulnerability and 
greater ASCVD burden, opening possibilities to guide 
geographically targeted public health interventions. The 
use of both small-area health insurance claims data and 
individual-level GP registry data provided complemen-
tary perspectives on ASCVD burden, strengthening the 
robustness and validity of observed associations across 
different healthcare contexts.

This study has several important limitations. Our 
observational, cross-sectional design prevents us from 
drawing causal inferences regarding the relationship 
between socioeconomic vulnerability and ASCVD bur-
den, though establishing causality was not our primary 
objective. Rather, our goal was to provide insights into 
spatial inequalities in ASCVD and their association with 
socioeconomic vulnerability for public health surveil-
lance. To achieve this, we analysed the two datasets inde-
pendently and compared their findings. This deliberate 
approach allowed us to explore spatial inequalities using 
different sources rather than developing a unified analyti-
cal framework.

However, differences in sampling and selection biases 
between datasets may limit the generalizability of our 
findings. In the GP registry, estimated associations reflect 
relationships within the primary care-attending popula-
tion and are therefore conditional on healthcare contact, 
which may not fully generalize to individuals who rarely 
consult primary care, despite the broadly representative 
demographic composition of the study population. At 
the same time, given that primary care serves as the first 
point of contact and coordinates chronic disease man-
agement in Flanders, modelling ASCVD burden based 
on GP registry data provides a clinically relevant approxi-
mation of population health needs within the healthcare 
system.

In the claims data, socioeconomically vulnerable 
individuals are underrepresented, and ASCVD indica-
tors are based on cardiovascular interventions, which 
reflect healthcare utilization and access in addition to 

disease burden. Intervention rates were substantially 
lower among individuals receiving increased compensa-
tion, suggesting under-capture of ASCVD in vulnerable 
groups. However, because municipality-level informa-
tion on the socioeconomic composition of MLOZ mem-
bers is unavailable for this study and intervention-based 
indicators selectively capture treated cases, the direction 
and magnitude of bias in municipality-level associations 
with area-level vulnerability cannot be determined and 
warrant cautious interpretation. Nevertheless, the per-
sistence of positive associations at the municipality level 
suggests that observed spatial patterns are robust and 
that they should be interpreted as conservative indicators 
of underlying socioeconomic inequalities.

Furthermore, GP registry data, while providing indi-
vidual-level insights, cover only Flanders, which limits 
the generalizability of individual-level findings to the 
national level. Future research will focus on integrating 
these complementary data sources, taking into account 
their unique characteristics and strengths.

The multidimensional vulnerability index included a 
health domain, which introduces a degree of conceptual 
overlap with ASCVD outcomes. However, it has been 
shown that excluding the health domain from composite 
deprivation indices has minimal impact on area rankings 
and observed health inequalities [28]. The vulnerability 
measures also differed by analysis: area-level data used 
a multidimensional vulnerability index, while GP data 
relied on a binary proxy (increased compensation). To 
assess comparability, we compared the multidimen-
sional index with area-level risk estimates for receiving 
increased compensation derived from GP data, examin-
ing how well these measures align spatially. Our ASCVD 
indicator, based on medication in the claims data, reflects 
treatment patterns rather than disease prevalence, creat-
ing a trade-off between sensitivity and specificity in iden-
tifying the target population. Additionally, it is important 
to note that, for some insights, we cannot make individ-
ual-level inferences from small-area claims data. Area-
level associations between vulnerability and ASCVD 
indicators do not necessarily imply individual-level asso-
ciations. Therefore, combining these insights with those 
from individual-level GP data registry strengthens our 
analysis. Privacy restrictions prevented access to absolute 
ASCVD counts, limiting direct prevalence estimation. 
Bootstrapping to estimate confidence intervals for pre-
dicted prevalence differences was performed on model 
predictions, not raw data, possibly underestimating true 
uncertainty. Finally, differences in healthcare-seeking 
behavior and access across socioeconomic groups may 
have led to underrepresentation of the most vulnerable 
populations.
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Conclusions
This study provides evidence suggestive of a consistent 
association between socioeconomic vulnerability and 
ASCVD prevalence in Belgium, observed across both 
individual-level clinical and small-area administrative 
data sources. The convergence of findings across two 
independent data sources with different methodological 
approaches, each with its distinct limitations, lends cau-
tious confidence to the observed patterns. By integrating 
an area-level multidimensional vulnerability index with 
both data sources, we were able to identify regional dis-
parities in cardiovascular health and detect regions of 
potentially elevated burden, particularly characterized 
by socioeconomic disadvantage. These spatial insights 
suggest a need for geographically targeted, area-level 
prevention and treatment strategies to improve cardio-
vascular outcomes in vulnerable communities. Dispari-
ties in lipid-lowering medication prescriptions further 
underscore the urgency of ensuring equitable access to 
preventive care and secondary prevention across socio-
economic groups [29].

Beyond its immediate findings, this study provides a 
preliminary framework for advancing equity-focused 
cardiovascular disease monitoring in Belgium. Combin-
ing small-area data, individual-level health data, and a 
multidimensional vulnerability index offers a scalable 
approach to identify and monitor health inequalities. 
Future research should build on this foundation by joint 
analyses of such datasets, and by integrating environ-
mental and urban factors into this framework, which 
could further refine local public health strategies [30, 31]. 
Ultimately, such an integrative, data-driven approach can 
inform more precise and equitable policies to reduce the 
burden of ASCVD and promote cardiovascular health 
across diverse populations.
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