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Abstract 

Objective To forecast the annual burden of type 2 diabetes and related socio-demographic disparities in Belgium 
until 2030.

Methods This study utilized a discrete-event transition microsimulation model. A synthetic population was created 
using 2018 national register data of the Belgian population aged 0–80 years, along with the national representative 
prevalence of diabetes risk factors obtained from the latest (2018) Belgian Health Interview and Examination Surveys 
using Multiple Imputation by Chained Equations (MICE) as inputs to the Simulation of Synthetic Complex Data (sim-
Pop) model. Mortality information was obtained from the Belgian vital statistics and used to calculate annual death 
probabilities. From 2018 to 2030, synthetic individuals transitioned annually from health to death, with or without 
developing type 2 diabetes, as predicted by the Finnish Diabetes Risk Score, and risk factors were updated via strata-
specific transition probabilities.

Results A total of 6722 [95% UI 3421, 11,583] new cases of type 2 diabetes per 100,000 inhabitants are expected 
between 2018 and 2030 in Belgium, representing a 32.8% and 19.3% increase in T2D prevalence rate and DALYs rate, 
respectively. While T2D burden remained highest for lower-education subgroups across all three Belgian regions, 
the highest increases in incidence and prevalence rates by 2030 are observed for women in general, and particularly 
among Flemish women reporting higher-education levels with a 114.5% and 44.6% increase in prevalence and DALYs 
rates, respectively. Existing age- and education-related inequalities will remain apparent in 2030 across all three 
regions.

Conclusions The projected increase in the burden of T2D in Belgium highlights the urgent need for primary and sec-
ondary preventive strategies. While emphasis should be placed on the lower-education groups, it is also crucial 
to reinforce strategies for people of higher socioeconomic status as the burden of T2D is expected to increase signifi-
cantly in this population segment.

Keywords Diabetes, Microsimulation, Burden, Forecast

Open Access

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom-
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Population Health Metrics

*Correspondence:
José L. Peñalvo
jose.penalvo@uantwerpen.be
Full list of author information is available at the end of the article

http://orcid.org/0000-0003-4957-4235
http://orcid.org/0009-0008-6214-8250
http://orcid.org/0000-0002-9130-854X
http://orcid.org/0000-0003-3225-7524
http://orcid.org/0000-0003-0096-6238
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12963-024-00328-y&domain=pdf


Page 2 of 10Mertens et al. Population Health Metrics            (2024) 22:8 

Introduction
Diabetes is a significant public health challenge in 
Europe, affecting around 61 million people (1 in 11 adults 
aged 20–79  years) in the European region in 2021 with 
nearly 90% of cases attributed to type 2 diabetes (T2D) 
[1]. In this region, there is a noticeable North–South gra-
dient in diabetes prevalence, with age-adjusted preva-
lence rates among adults aged 20–79  years old ranging 
from 3% (32% undiagnosed) in Ireland to 15% (41%) in 
Turkey, as of 2021 [2]. T2D is a chronic metabolic disor-
der that is characterized by chronically elevated blood 
glucose resulting from a combination of insufficient insu-
lin secretion and/or insulin resistance. Largely undiag-
nosed [2], uncontrolled hyperglycaemia and subsequent 
T2D often lead to a range of microvascular (e.g. neuro- 
and retinopathy) and macrovascular (e.g. cardiovascular 
diseases) complications that contribute significantly to 
morbidity and early mortality. According to the Global 
Burden of Disease (GBD) Study, T2D-related morbidity, 
measured as years lived with disability (YLD), is one of 
the highest-ranked health burdens in Europe. In 2019, 
T2D was estimated to have caused 4.4 million YLD in the 
European region, representing a 24% increase from 1990 
[1]. This rise in T2D-related disability certainly reflects 
factors such as population aging [3], but also the increas-
ing prevalence of risk factors for T2D, including excess 
weight, physical inactivity, unhealthy diet, and smoking 
[4], and their complex interactions.

Given the significant public health implications of the 
increasing burden of T2D, it is essential to closely moni-
tor and accurately forecast its magnitude, particularly 
among potentially vulnerable socio-demographic strata. 
It is key to provide evidence-based information for pub-
lic health preparedness, and design targeted and effec-
tive preventive strategies to reduce the impact of T2D on 
population health. Policy strategies for preventing and 
managing chronic non-communicable diseases (NCDs), 
including T2D, have increasingly relied on health deci-
sion modelling tools [5]. These tools, such as compara-
tive risk assessments [6] or state-transition models [7], 
enable the evaluation of population-level health and eco-
nomic impacts associated with potential public health 
intervention strategies. In particular, state-transition 
models, including both cohort models (e.g. Markov) and 
individual-based models (e.g. microsimulation), simulate 
consecutive trajectories across pre-defined health states 
[8]. This enables a prospective assessment of the dis-
ease burden and public health strategies. These models 
are valuable for informing policy decisions by providing 
insights into the long-term effects of continuing current 
trends versus trends resulting from potential preventive 
interventions. Individual-based microsimulation mod-
els have the added advantage of accounting for baseline 

variability in individual characteristics, risk profiles, and 
disease histories, which can influence the likelihood of 
health states occurring at specific time intervals [7, 9, 
10]. By proactively evaluating future health outcomes for 
each individual, microsimulation models are considered 
a valuable tool for identifying drivers of health inequali-
ties [11] and developing (cost-)effective population health 
strategies. Overall, individual-based microsimulation 
models provide a comprehensive approach to predicting 
disease outcomes, informing policy decisions, and pro-
moting health equity [7].

The main aim of this study was to develop and validate 
a microsimulation model (T2D-M) for forecasting the 
future burden of T2D in Belgium while accounting for 
the population’s heterogeneity in individual, socioeco-
nomic, and geographical layers. Further, the future bur-
den was estimated across relevant socio-demographic 
strata (e.g., age, sex, region, and education level), allow-
ing the identification of disparities and vulnerable groups 
within the Belgian population for supporting equitable 
health promotion programmes.

Methods
Model overview
The future burden of T2D was estimated using a life-
course discrete-event state-transition microsimula-
tion model describing the onset or progression of T2D 
individually and over the modelling time, incorporat-
ing socio-demographic factors and metabolic risk fac-
tors. Utilizing national representative distributions of 
socio-economic factors and T2D risk factors, includ-
ing body mass index (BMI), waist circumference, blood 
pressure medication usage, and high blood glucose lev-
els, the model recreates the Belgian population as a syn-
thetic population. Each synthetic individual undergoes 
probabilistic transitions through the life-course, updat-
ing attributes and risk factors as they age, and predicting 
events until death or the end of the simulation period. 
These transitions occur annually, incorporating updates 
to risk factors, T2D status, and survival status through 
specific stochastic rules. The model’s output provides 
estimates of T2D incidence, prevalence, and disability-
adjusted life years (DALYs) in the synthetic population. 
Elements of the model population, model simulation, 
outputs, and uncertainty, including input sources for 
development and validation, are briefly described below 
and in detail in the Additional file 1: Technical Annex.

Synthetic population
The T2D-M is based on a synthetic cohort that recre-
ates the demographic characteristics and risk factors for 
T2D of the Belgian population. This cohort is informed 
by data obtained from the National Register and 
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representative surveys, encompassing a wide range of 
socio-demographic factors. Belgium is a federal state that 
consists of three regions: the Brussels-Capital region, 
Flanders in the north, and Wallonia in the south. Addi-
tionally, Flanders and Wallonia are further subdivided 
into five provinces each. These distinctions have been 
introduced in the development of our synthetic cohort. 
As of January 1, 2018, the legal population of Belgium 
was 11,376,069 inhabitants [12]. The synthetic popula-
tion was constructed using a set of variables including 
demographics (age, sex, province, region, education and 
income level), and risk factors (body mass index (BMI), 
waist circumference, use of BP medication, history of 
high blood glucose, and T2D status at present). This set 
of variables was obtained from a representative (age, sex, 
province) sample of the Belgian population provided by 
the latest (2018) Belgian Health Interview Survey (BHIS) 
[13] complemented with the latest (2018) Belgian Health 
Examination Survey (BELHES) [14] after multiple impu-
tation by chained equations, implemented with the R 
package mice [15]. The fully informed survey data were 
further matched to the aggregated total of the Belgian 
population structure reported in the National Register 
of 2018 [12] using the R package Simulation of Synthetic 
Complex Data SimPop [16]. This implementation per-
forms weighted sampling with replacement of individu-
als in each age group from the fully informed survey until 
reaching the total in the population for a specific age, and 
therefore ensuring that the correlation structure between 
variables and risk factors distributions were embedded in 
the starting model population.

Model simulation
The T2D-M operates as a discrete-event state transition 
model with annual updates of the risk factors, T2D sta-
tus and survival status of the individuals in the synthetic 
population. Starting from 2018 and annually, each syn-
thetic individual enters the model according to baseline 
characteristics and then transitions across events from 
health to death, with or without developing T2D, simu-
lated annually according to updated risk factors until 
death or the end of the simulation period in 2030.

Update of risk factors
Advancing the simulation progress in annual cycles, the 
age of the synthetic individual is increased by one year in 
each cycle, while all other socio-demographic character-
istics (such as sex, province of residence, and education 
level) remained unchanged. Subsequently, the modifiable 
risk factors for predicting T2D outlined in the concise 
model of the Finnish Diabetes Risk Score (FINDRISC) 
including BMI, waist circumference, use of blood pres-
sure medication and history of high blood glucose [17] 

were updated based on the net annual transition prob-
abilities, which were calculated using the simplex opti-
mization algorithm, and age-smoothened prevalence of 
the risk factor states [18]. In each simulation year, and 
for every modifiable risk factor, the decision to transi-
tion to another risk factor state (e.g. from normal BMI 
to overweight) is determined by drawing from a bi- or 
multinomial distribution that incorporates strata-specific 
net-transition probabilities.

Transitions between health states
The T2D-M incorporates three general health states: 1) 
health (free from T2D), 2) T2D, and 3) death, with the 
following potential transitions: from health to T2D, 
from T2D to death (caused by either T2D or other fac-
tors), and from health directly to death (caused only by 
other factors). At any given point in time, the synthetic 
individual can be in either the health, T2D, or death state. 
Once an individual transition to the T2D state, there is 
no possibility of returning to the health state. Further-
more, an individual can experience both T2D and death 
in the same year. Whether or not an individual transition 
to a new health state (i.e. T2D and/or death) in a particu-
lar year is dependent on a random draw from a binomial 
distribution. The probabilities for these transitions are 
determined based on the individual’s risk profile. For each 
individual in the health state, their annual probability 
of developing T2D was calculated using the FINDRISC 
equation (17). This calculation considers the individual’s 
prevalent risk factors, which are updated using the strata-
specific transition probabilities outlined earlier. As the 
FINDRISC equation was originally designed to estimate 
an individual’s 10-year risk of developing T2D, it was 
necessary to transform this value into a one-year prob-
ability [19] in order to appropriately use it in the simula-
tion. Additionally, each individual’s probability of death 
was calculated annually using strata-specific death prob-
abilities. These probabilities were determined based on 
mortality rates obtained from the Standardised Proce-
dures for Mortality Analysis (SPMA) database, the Bel-
gian vital statistics collected annually from 1987 onwards 
[20]. For healthy individuals, the probability of death only 
considered the risk of death from causes other than T2D. 
However, for individuals with T2D, who are known to 
have an increased risk of all-cause mortality, probabilities 
of death from all causes were adjusted using age- and sex-
specific relative risks derived from the Diabetes Epide-
miology: Collaborative analysis of Diagnostic criteria in 
Europe (DECODE) study [21], a large population-based 
cohort in European populations, to obtain a more realis-
tic estimate of the mortality burden for individuals with 
T2D.
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Model uncertainty
Probabilistic sensitivity analyses were conducted to assess 
the potential impact of uncertainty in key inputs on the 
simulation results. In these analyses, the uncertainty dis-
tributions of the prediction parameters were incorpo-
rated to simulate the development of T2D. We performed 
100 simulations in a randomly selected 1% sample of 
the synthetic population, drawing from the uncertainty 
distribution of each input parameter. The resulting 95% 
uncertainty intervals were calculated based on the 2.5th 
and 97.5th percentiles of the 100 simulations.

Model outputs
Throughout the simulation period, the model monitors 
and updates the levels of risk factors, as well as the T2D 
status and survival for each individual and model cycle. 
This includes the annual number of new and prevalent 
cases of each risk factor level and T2D, as well as the 
number of total deaths and those caused by T2D. The 
model provides mean estimated outcomes for the simu-
lated population over the simulation period (2018–2030), 
including the prevalence and incidence of T2D for the 
adult population aged 35  years and older. Additionally, 
the burden was characterized by calculating DALYs, 
a time-based metric that combines the years of life lost 
(YLL) due to premature death and the years of healthy 
life lost due to disability (YLD), thus aggregating mortal-
ity and morbidity into a single statistic.

Inequalities in the burden of T2D
The study also presented stratified results by age, sex, 
region, and education level. To quantify the gradient in 
T2D prevalence, incidence and DALY rates on both a 
relative and an absolute scale, two regression-based met-
rics of inequalities were used: the relative index of ine-
quality (RII) and the slope index of inequality (SII) [22, 
23]. RII and SII values greater than 1 and 0, respectively, 
would indicate wider inequality gaps between socio-
demographic extremes. These metrics allow for a more 
nuanced understanding of the distribution of T2D bur-
den among different groups within the population.

Model validation
To ensure the internal validity of the population model, 
we compared the prevalence estimates of baseline char-
acteristics, T2D, and associated risk factors from the 
synthetic population generated against the latest data 
from the BHIS and the BELHES in 2018, stratified by 
age, sex, and region. Additionally, the external validity 
of the T2D-M outputs was assessed by comparing the 
estimated number of new cases of T2D and those tak-
ing BP medication against the observed values from the 
Belgian Compulsory Health Insurance (BCHI) data for 

the years 2019 and 2020. Moreover, we used the latest 
BHIS and the BCHI data from 2018 to explore the agree-
ment between self-reported and health administrative 
data for ascertaining the disease prevalence of T2D and 
hypertension.

Results
Baseline synthetic population characteristics
An overview of the baseline characteristics of the study 
synthetic population by age group is presented in Table 1. 
The prevalence of elevated BMI was 45.1%, elevated 
waist circumference was 37.3%, and high blood pressure 
was 18.5% in the population studied. These risk factors 
tended to be more notable in older groups. Similarly, the 
overall prevalence of hyperglycemia (5.0%) is also greater 
in older strata, and the prevalence of self-reported T2D 
ranged from 1.4% (ages 18–34) to 13.8% (ages 65+), with 
an overall prevalence of 6.2%. The similarity of the syn-
thetic population generated and the corresponding (real) 
Belgian population of 2018 was evaluated as internal vali-
dation and intraclass coefficients (ICC) computed for the 
age-sex-province group on the prevalence of risk factors 
and T2D support the agreement between the T2D-M 
synthetic population and the nationally representative 
survey data (Additional file 1: Technical Annex).

Forecasting T2D incidence
As shown in Table 2, an average annual incidence of 560 
[95% UI 285; 962] incident cases of T2D per 100,000 
inhabitants aged 35–80  years are forecasted between 
2019 and 2030 in Belgium, totalling 6722 [3421; 11,538] 
cases with a modest increase for the overall adult popula-
tion without apparent differences based on sex (Fig. 1A). 
No substantial differences were observed across regions 
but average annual incidence rates appeared consistently 
higher for the group reporting lower levels of education 
(Table  2). These inequalities are also visible in Fig.  2A 
where the age- and education-related gap in T2D inci-
dence was evident with an RII estimated as 5.1 [4.2; 6.3] 
for advancing age and 1.8 [1.4; 2.4] for low education.

Forecasting T2D prevalence
The proportion of people living with T2D is expected 
to increase by 32.8% between 2018 and 2030, reaching 
9930 [7223; 13,330]/100,000 cases for ages 35–80  years 
(Table 2). Prevalence rates are expected to remain com-
parable between sexes, with levels up to 9955 [7393; 
14,111]/100,000 for men and 9784 [7104; 14,261]/100,000 
for women in 2030 (Fig.  1B). While the region is not a 
significant source of inequalities in T2D overall, age and 
education are expected to be sources of disparity, with 
a widening gap in T2D prevalence foreseen up to 2030 
(Fig. 2B). The lower education group is expected to have 
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15,161 [11,203; 21,290]/100,000 T2D cases in 2030 com-
pared to 7568 [5285; 11,236]/100,000 among the highly 
educated (data not shown), corresponding to an RII of 
2.9 (95% CI 1.9; 4.5) anticipated to narrow over the rel-
evant period (p-trend = 0.017) across all regions of Bel-
gium, as larger increases in prevalent T2D are expected 
among the highly educated (Table 2).

Forecast of DALYs
The rate of DALYs related to T2D is expected to increase 
[+ 19.3%] for the simulated period from 2019 levels 
(912 [95% UI 588; 1454]/100,000), and hereby reaching 
levels of 1088 [563; 2,283]/100,000 in 2030 for the ages 
35–80 years (Table 2). DALYs rates of T2D were expected 
to likely remain higher for men compared to women, 
with levels up to 1219 [653; 2,448]/100,000 for men and 
954 [471; 1,221]/100,000 for women in 2030 (Fig.  1C), 
albeit greater increases over the simulation period are 
observed for women, and particularly among those of 
higher education (e.g. 46.1% for women in the Wallonia 

region). Likewise, to incidence and prevalence figures, 
an expected age-related and education-related gap in 
T2D DALY rates was foreseen to continue over the time 
course up to 2030 (Fig. 2C).

Model external validation
The prevalence of T2D was validated using the BHIS2018 
linkage with BCHI data from 2018 to 2020. Stratified by 
age, sex, and province, the ICC, as a measure of agree-
ment, provided overall evidence that the T2D-Mis capa-
ble of modelling the prevalence of T2D-M for the first 
two years (years 2018–2020 with existing data) with good 
reliability (ICC 0.791 (95% CI 0.709, 0.851). Detailed 
information on the model validation is provided in the 
Additional file 1: Technical Annex.

Discussion
This is the first study to forecast the T2D prevalence 
and incidence up to 2030 in Belgium, also providing an 
estimation of the burden of T2D, in terms of mortality 

Table 1 Descriptive characteristics (%) of the synthetic population of Belgium in the simulation baseline year 2018

1 Based on self-reported weight and height; 2Based on measured values; 3Measured blood glucose of ≥ 126 mg/dL or measured HbA1c ≥ 6%

 < 18 yrs
(n = 2,301,495)

18–34 yrs
(n = 2,374,218)

35–64 yrs
(n = 4,561,902)

 > 65 yrs
(n = 2,138,454)

Overall
(n = 11,376,069)

Sex Men 51.17 50.27 50.09 44.04 49.21

Women 48.83 49.73 49.91 55.96 50.79

Region Brussels 11.94 12.93 10.07 7.37 10.54

Flanders 55.25 54.95 58.19 61.83 57.60

Wallonia 32.8 32.12 31.74 30.8 31.86

Nationality Belgians 90.11 86.1 87.32 95.17 89.10

Non-Belgians Europeans 5.94 6.51 7.65 4.06 6.39

Non-Europeans 3.95 7.4 5.03 0.77 4.51

Education level Low 12.21 12.16 14.08 38.44 17.88

Intermediate 27.97 33.88 33.7 29.9 31.86

High 59.82 53.96 52.22 31.66 50.26

Income level Q1 4.98 7.07 9.61 20.93 10.27

Q2 8.87 11.44 11.13 24.16 13.19

Q3 16.7 16.73 18.75 23.5 18.81

Q4 26.65 28.98 26.61 22.05 26.26

Q5 42.8 35.76 33.89 9.36 31.47

Self-reported BMI  status1  < 25 74.75 67.76 45.62 41.29 55.32

25–30 14.97 22.98 35.78 38.86 29.84

 > 30 10.28 9.26 18.61 19.85 15.21

Measured waist 
 circumference2

M: < 94 cm; F: < 80 cm NA 62.02 34.83 18.49 38.1

M: 94–102 cm; F: 80-88 cm NA 20.94 26.8 24.18 24.6

M: ≥ 102 cm; F: ≥ 88 cm NA 17.04 38.37 57.33 37.3

High blood  pressure2 Self-reported NA 2.56 17.46 38.27 18.5

Use of medication NA 1.04 14.84 35.6 16.1

High blood glucose  levels2 Blood glucose ≥ 126 mg/dl 
or HbA1c ≥ 6%

NA 1.34 3.7 11.95 5.0

Diabetes2 Self-reported NA 1.37 5.07 13.83 6.2
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and morbidity combined, and the evolution of exist-
ing inequalities between socio-demographic strata. The 
demographic characteristics, prevalence of risk factors 
and self-reported diabetes in the synthetic population 
generated mirrored those reported for the Belgian pop-
ulation in 2018 [13]. From this, we estimated that 6722 
new cases are expected in the period 2018–2030 with the 
greatest proportion of cases observed among advanced 
age groups, and the lower education subgroups. This 
high prevalence of T2D in Belgium comes along with 
an increased number of people living with T2D-related 
disabilities which has been observed in the increasing 
number of DALYs through the simulation period. This 
is aligned with the figures projected for the European 
region, where the number of people living with diabetes 
is expected to rise to 67 million by 2030 [3], and to 69 
million by 2045 [2] from the current 61 million.

In Europe, geographical disparities in the distribution 
of T2D exist, and there is also considerable variation 
within countries, particularly related to socioeconomic 
strata [24] and minorities [25]. Socioeconomic ine-
qualities in T2D prevalence are likely due to differ-
ences in exposure to lifestyle-related risk factors such 
as unhealthy diets and physical inactivity, which lead to 
metabolic risk factors such as elevated BMI, hyperten-
sion, and hyperglycemia [26, 27]. While variables such 
as age, sex, geographical region, and socioeconomic sta-
tus are well-established indicators of health disparities 
at the population level, as demonstrated in the EU [28], 
our previous work on the trends from 1997 to 2018 high-
lighted significant avoidable disparities between extremes 
based on socioeconomic status, as defined by education 

and income strata in Belgium. This disparity was par-
ticularly evident in lifestyle-related risk factors, high 
BMI prevalence, and consequently T2D [29]. The high 
prevalence of lifestyle- and metabolic-related risk factors, 
coupled with an aging population, is contributing to the 
increasing number of people with T2D [4]. In Belgium, 
the reported prevalence of T2D is higher in the Walloon 
region and the Brussels Capital region compared to the 
Flemish region [30], which is also apparent in our simula-
tion. The prevalence is also higher for individuals with a 
lower socioeconomic status. These socioeconomic differ-
ences in the prevalence of diabetes are likely exacerbated 
by the prevalence of unknown or insufficiently controlled 
diabetes [30].

According to the Official information and services 
of Belgium, 6.6% of the Belgian residents had a known 
diabetes diagnosis in 2020 as assessed by the IMA-AIM 
Atlas [31]. However, the true prevalence is estimated at 
10% accounting for a large number, approximately one 
in three people with diabetes, of undiagnosed cases [4]. 
Following the increasing time trend in T2D, our simu-
lation forecasts an increase in the prevalence of excess 
weight, waist circumference, high blood pressure, and 
particularly hyperglycaemia. Factors contributing to this 
increase include an aging population, highly prevalent 
sedentary lifestyles, and unhealthy eating habits [4].

Microsimulation models are used by policymakers to 
evaluate policy impacts on different population groups. 
In population health, this model can estimate the effects 
of strategies and health policies on the T2D burden in 
Belgium. For instance, it can analyse the impacts of fis-
cal policies on target foods, education programs, or 

Fig. 1 Forecast prevalence and incidence of type 2 diabetes in the adult Belgian population. A Incidence (2019–2030), B prevalence (2018–2030), 
and C disability-adjusted life years (DALYs) (2019–2030)
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community-based interventions on the overall popula-
tion and specific groups. Microsimulation models pro-
vide insights into the distributional impacts of policy 
proposals, allowing policymakers to create more effec-
tive and equitable policies. However, these models are 
only as reliable as their assumptions and data inputs, 
so careful consideration and validation of these factors 
are necessary to ensure accuracy. The T2D-M operates 
under several key assumptions to simulate transitions in 
risk factors, T2D status, and survival over time. Firstly, 
individual weights are utilized for population genera-
tion, assuming a household size of one and independence 
among individuals despite clustering in the sampling pro-
cess. The model structure involves an open cohort design 
incorporating births and deaths while omitting migra-
tion, or information of non-Belgian residents due to data 
constraints which likely underestimates T2D burden. 
Further, socio-economic status could only be approached 
through levels of income and education which might not 
capture completely the nuances of these determinants. 
T2D onset is not simulated for children, and T2D risk 
estimation begins from age 35, as informed by the FIN-
DRISC equation. Survival status is updated considering 
age-sex-specific relative risk estimates for individuals 
with diabetes. Model uncertainty is primarily attributed 
to parameter variations in the T2D risk prediction equa-
tion, with relatively minor uncertainty in transition prob-
abilities and mortality rates due to narrow confidence 
intervals and extensive observed data coverage. External 
validation compares prevalence estimates of hyperten-
sion from self-reports and administrative data, while 
higher mortality rates for T2D individuals are linked to 
changes in risk factor prevalence driving disease inci-
dence and mortality. These assumptions should collec-
tively inform the model’s limitations and interpretation of 
results.

In future developments it would be important to 
understand the comparative contribution of aging and 
modifiable risk factors in the predicted T2D prevalence 
for prioritization of strategies. Further, more granular 
age groups will provide further insight into differen-
tial burdens. It is also important to note that the pre-
dictions presented here are subject to change based on 

Fig. 2. 10-year changes (2020–2030) in disparities in the A 
incidence, B prevalence and C disability adjusted life years (DALYs) 
of type 2 diabetes in Belgium. Abbreviations RII, Relative inequality 
index; SII, slope inequality index. Footnote: Figure represents 
the quantification of the magnitude of disparities in the distribution 
of the burden of type 2 diabetes related to age (more than 65 years 
old versus 35–44), sex (women versus men), Belgian region (Brussels 
versus Flanders versus Wallonia), and Education (low versus high 
education)
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various factors, including changes in public health poli-
cies and advances in T2D prevention and treatment. 
Our model forecast a modest reduction in the gap in 
the burden of T2D between socioeconomic groups due, 
mostly, to a steep increase in the prevalence burden 
among the higher-education subgroups across the three 
regions in Belgium. While this may reflect demographic 
transitions into extended life expectancy, it still calls 
for the strengthening of preventive measures across all 
socioeconomic groups to reduce the burden overall and 
reach equitable health.

Conclusions
This increasing burden of T2D is concerning and high-
lights the urgent need for effective prevention and 
management strategies to address this growing epi-
demic. Accurately monitoring risks and disease preva-
lence systems in the population is essential for effective 
public health planning. By analysing trends and iden-
tifying health disparities, we can better understand 
which groups are most affected and develop targeted 
interventions to improve their health outcomes. Uti-
lizing a model that incorporates age, sex, region, and 
education-specific transition probabilities between risk 
factors levels and health states, such as the T2D-M in 
this study, we are better equipped to study future pro-
jections of these health disparities. This approach ena-
bles us to identify groups that may be at higher risk for 
the further development of targeted interventions to 
address these disparities and improve overall popula-
tion health.
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