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Aims: This study models the potential health impacts of combining fiscal and behavioral policies, specifically,
sugar-sweetened beverage (SSB) taxation and increases in physical activity (PA), across six Central and Eastern
European (CEE) countries.

Methods: We simulated the effects of a 20 % SSB tax combined with a 15 % increase in PA on obesity, type 2
diabetes mellitus (T2DM), and mortality over 30 years in Bulgaria, Czechia, Hungary, Poland, Romania, and
Slovakia. Sensitivity analyses examined alternative scenarios, including SSB substitution with water, a 30 % fruit
and vegetable subsidy.

Results: Combined SSB taxation and PA increases would have a significant impact on low-income adults aged
15-49 in Czechia, Hungary, and Romania, whereas high-income groups benefit most in Bulgaria, Poland, and
Slovakia. It could prevent between 7,344 (95 % UI: 4,520, 10,168) T2DM cases in Slovakia and 24,142 (95 % UL
18,809, 29,474) in Poland. Obesity reductions are projected to peak in the early to mid-2030 s, with T2DM and
mortality benefits accruing more gradually.

Conclusions: Integrating fiscal and behavioural policies could reduce the burden of obesity, T2DM, and related
inequalities in CEE countries, supporting strategies aligned with the WHO and Sustainable Development Goals.

1. Introduction in adults, accounting for approximately 90 % of all cases [3]. The con-

dition arises from a combination of pancreatic p-cell dysfunction and

Diabetes mellitus (diabetes hereafter) poses a major public health
concern in Europe, affecting both population health and healthcare
systems. In 2024, one in ten adults aged 20 to 79 in Europe has diabetes,
with cases projected to rise by 10 % to 72.4 million by 2050; related
healthcare costs are estimated at USD 193 billion, accounting for 19 % of
global diabetes expenditure [1]. Prevalence of diabetes varies region-
ally, with higher rates observed in Central and Eastern Europe (CEE) and
Southern Europe. In CEE, the prevalence affects about 7.16 % of the
adult population, with a higher burden among women (7.69 %)
compared to men (6.48 %) [2].

Type 2 diabetes mellitus (T2DM) is the predominant form of diabetes

peripheral insulin resistance, and is strongly associated with overweight
and obesity [3]. In the European Union, T2DM was responsible for an
estimated 109,000 deaths and 5.3 million disability-adjusted life years
(DALYs) in 2019 [3]. A considerable proportion of this burden is
attributable to modifiable lifestyle factors: insufficient consumption of
fruits, whole grains, nuts, and seeds, together with high intake of sugar-
sweetened beverages (SSBs) and red or processed meats, contributed to
36 % of deaths and 37 % of DALYs attributable to T2DM. Elevated body-
mass index (BMI > 21-23 kg/mz) accounted for 41 % of deaths and 57
% of DALYs [3]. Mortality associated with diabetes-related risk factors,
including physical inactivity and high SSB consumption, has increased
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steadily from 1990 to 2021 in countries such as Bulgaria, Czechia,
Hungary, Poland, Romania, and Slovakia [4].

SSB intake, in particular, promotes obesity, insulin resistance, and
the development of T2DM [5,6]. SSB consumption is especially high
among younger adults in CEE; for example, Hungarian adults consume
an average of 46.1 g of added sugars per day, equivalent to 7.6 % of total
energy intake [7]. Evidence supports that SSB taxation effectively raises
prices, reduces sales, and lowers sugar intake [8]. The World Health
Organization (WHO) recommends the implementation of SSB taxation
as part of its Global Action Plan for the Prevention and Control of
Noncommunicable Diseases (NCDs) 2013-2030, to improve public
health and promote health equity [9]. In response to these trends, the
WHO recommends imposing a tax on SSB products of at least 20 % [10].
Fiscal policies on sugar-sweetened beverages vary across CEE countries.
Czechia imposes a 13.04 % value-added tax (VAT) on SSBs, while
Romania and Slovakia apply VAT rates of 8.26 % and 16.67 %,
respectively [8]. Hungary and Poland levy volume-based excise taxes on
sugar-sweetened drinks, in addition to VAT, resulting in total tax rates
measured as a percentage of the price of an internationally comparable
brand of about 24.6 % and 28.6 %, respectively [8]. Recent data on
Bulgaria’s taxation of SSBs is unavailable [8]. However, there remains
limited evidence on how these fiscal policies impact diabetes outcomes.

Physical inactivity is a major contributor to the growing T2DM
burden in Europe. Individuals in CEE and Southern Europe are signifi-
cantly more likely to be physically inactive, with adjusted odds ratios of
0.64 (95 % CI: 0.55-0.74) and 0.61 (95 % CI: 0.52-0.71), respectively
[11]. In CEE countries, the prevalence of complete physical inactivity is
particularly high, with rates in Bulgaria exceeding 50 % [12]. As a
result, many adults in these regions do not meet the WHO recommen-
dation of 150-300 min of moderate-intensity, or 75-150 min of
vigorous-intensity aerobic physical activity per week, or an equivalent
combination [13]. To address this gap, efforts must be intensified to
increase physical activity levels by at least 15 % by 2030, in line with the
Global Action Plan on Physical Activity (GAPPA) target [14,15].
Reducing these disparities is crucial, as increasing physical activity can
substantially lower the incidence of obesity and diabetes [16].

Given the dual burden of unhealthy dietary habits and physical
inactivity, integrating fiscal measures such as SSB taxation with public
health initiatives that promote physical activity could yield synergistic
benefits in reducing the incidence of diabetes [8]. However, to evaluate
the impact of these two interventions on disease burden, long-term
observation is needed. Therefore, simulations such as microsimulation
are a key method for assessing the long-term effects of health programs
or policies on population health outcomes [17]. Microsimulation is a
powerful modelling technique that simulates the life courses of in-
dividuals within a population to estimate the long-term impact of in-
terventions or policies. By utilizing individual-level data and
probabilistic rules, microsimulation effectively captures heterogeneity
in risk factors, behaviors, and outcomes, enabling detailed projections of
health impacts and cost-effectiveness across diverse subgroups. This
approach is particularly valuable for chronic diseases, such as diabetes,
where an individual’s history and risk profile significantly influence
future disease progression and response to interventions. Moreover,
microsimulation enables the evaluation of complex, combined policy
scenarios and their long-term effects on population health, which would
be difficult to assess through traditional epidemiological methods or
randomized trials alone. As such, it offers a cost-effective and flexible
tool for informing evidence-based public health policy and optimizing
resource allocation [17].

Previous studies have employed microsimulation models to assess
the impact of SSB taxes on obesity and non-communicable diseases,
including diabetes, primarily in Western European countries such as
Belgium [18] and Germany [19], as well as in Southern European
countries like Portugal [20]. Physical activity interventions have also
been modelled in the United Kingdom [21]. However, no prior study has
examined the combined effects of these strategies in CEE countries.
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Therefore, this study is the first to use microsimulation modelling to
estimate the long-term impact of increased physical activity and SSB
taxation on obesity and diabetes burden in the CEE region.

2. Materials and methods

We developed a discrete-time stochastic microsimulation model to
project the long-term impact of public health policies on obesity, T2DM,
and T2DM-attributable mortality in six CEE countries. The model eval-
uated a combined policy scenario including a 20 % tax on SSBs and a 15
% increase in physical activity, in line with the WHO recommendation
[10] and GAPPA target [14]. Outcomes were stratified by sex and in-
come level. The analysis included Bulgaria (n = 7,540), Czechia (n =
7,993), Hungary (n = 5,603), Poland (n = 19,959), Romania (n =
16,186), and Slovakia (n = 5,527) [22]. Baseline T2DM incidence and
mortality were sourced from the Global Burden of Disease (GBD) 2019
study. Each simulated individual was assigned a sex, an age group
(15-49, 50-74, or > 75 years), and an income category according to
national population distributions from the European Health Interview
Survey (EHIS) 2019. We categorised income level in EHIS as low (first
and second quintiles), middle (third quintile), and high (fourth and fifth
quintiles). Baseline bodyweight status was determined using age- and
income-specific prevalence estimates from the same source. Bodyweight
categories were defined as normal weight (BMI 18.5-24.9 kg/m?),
overweight (BMI 25.0-29.9 kg/m?), and obese (BMI > 30.0 kg/m?)
[23]. All individuals were assumed to be alive and free of T2DM at
model entry. Detailed baseline characteristics are presented in Table 1.

Transitions between these states were updated annually using esti-
mated transition probabilities derived from published epidemiological
evidence. Normal-weight individuals could progress to overweight,
obese, or diabetic states. Overweight individuals could advance to
obesity or develop T2DM, and obese individuals are at risk of developing
T2DM. Once individuals became diabetic, they remained in that state
and were subject to an elevated annual mortality risk. The baseline year
was 2019, and the model simulated outcomes from 2020 to 2050
(Supplementary 1).

The microsimulation model allowed for heterogeneous risk trajec-
tories and the inclusion of multiple interventions, consistent with
frameworks previously applied in non-communicable disease policy
modelling [24]. A main scenario was composed of two policy in-
terventions targeting obesity that were introduced in the second year of
the simulation. The first involved implementing a tax on SSBs, repre-
sented as a proportional increase in excise duties on SSB products,
modelled to generate an annual probability of weight reduction among
individuals with obesity [25]. In this study, SSBs were defined as bev-
erages containing added caloric sugars, including soft drinks, energy
drinks, sports drinks, and lemonades, but excluding fruit juice, milk
products, unsweetened beverages such as coffee or tea, and artificially
sweetened drinks [25]. The effect of the tax was modelled using income-
specific price elasticities of demand. This approach was grounded in
standard economic theory, which holds that higher prices lead to lower
consumer demand. Country-specific estimates of price elasticity were
obtained from published studies; in the absence of national data, pooled
estimates from global systematic reviews were used. Changes in SSB
consumption were calculated using a constant-elasticity model that links
proportional tax increases to corresponding reductions in consumption.
These changes in SSB intake were then translated into health outcomes
using established relationships between SSB consumption, obesity, and
T2DM incidence. Income-specific effects were incorporated by adjusting
elasticities to account for greater price responsiveness among lower-
income groups and lower responsiveness among higher-income
groups. Detailed estimates of the price elasticity of demand and its
application in this analysis are provided in Supplementary 2.

The intervention modelled a 15 % relative increase in baseline
physical activity levels. The increase applied to moderate-to-vigorous
non-work-related activities, including walking, cycling, and
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Table 1
Baseline Sociodemographic and health characteristics by country and age group.
Baseline characteristic Bulgaria Czechia Hungary Poland Romania Slovakia Source
Sample size (n) 7,540 7,993 5,603 19,959 16,186 5,527 EHIS
2019
Age, %
15-49 50.0 53.6 53.8 50.4 55.2 56.1 EHIS
50-74 39.4 37.2 36.7 40.0 35.1 36.5 2019
75+ 10.6 9.3 9.5 9.7 9.6 7.4
Sex (male), %
15-49 51.4 51.3 51.4 46.7 51.1 51.2 EHIS
50-74 45.8 47.6 45.1 43.3 47.3 47.6 2019
75+ 35.2 37.1 335 32.6 36.8 34.2
Income level, %
Low 30.5 40.0 40.0 32.8 40.0 37.1 EHIS
2019
Middle 21.0 20.0 20.0 18.0 18.7 20.0
High 48.5 40.0 40.0 49.1 41.3 43.0

Body weight by age group and
income level, %
Low income

15-49

Normal weight 62.7 56.0 51.8 54.9 54.2 59.7

Overweight 29.1 27.6 27.7 29.5 39.8 30.0

Obese 8.2 16.4 20.5 15.6 6.1 10.3

50-74

Normal weight 31.4 28.0 26.4 32.4 27.8 27.7

Overweight 49.1 42.4 37.9 40.7 54.2 43.5

Obese 19.6 29.6 35.7 26.9 18.0 28.9

75+

Normal weight 37.4 34.8 29.8 34.4 39.6 28.3

Overweight 47.3 45.0 42.3 42.6 47.3 49.7

Obese 15.3 20.2 27.8 22.9 13.1 22.0

Middle income

15-49

Normal weight 59.0 51.1 50.2 48.9 53.9 49.9

Overweight 31.5 35.2 31.9 36.9 40.7 36.5 EHIS
2019

Obese 9.5 13.7 17.9 14.2 5.4 13.6

50-74

Normal weight 29.9 25.9 27.2 25.0 28.0 27.3

Overweight 51.9 45.4 36.5 46.4 55.1 42.0

Obese 18.2 28.7 36.3 28.6 16.9 30.7

75+

Normal weight 35.7 36.4 36.0 30.9 37.0 25.0

Overweight 54.1 44.2 40.8 42.7 49.1 46.4

Obese 10.2 19.4 23.2 26.4 13.8 28.6

High income

15-49

Normal weight 59.6 52.3 54.4 53.6 56.3 51.2

Overweight 32.9 34.6 31.3 34.5 38.1 34.7

Obese 7.5 13.0 14.3 11.9 5.6 14.1

50-74

Normal weight 32.4 29.6 29.8 30.4 26.6 26.8

Overweight 48.0 49.2 41.4 43.5 57.2 46.4

Obese 19.6 21.3 28.8 26.0 16.2 26.8

75+

Normal weight 42.0 32.4 35.3 32.3 335 26.2

Overweight 43.3 48.2 44.4 37.9 50.3 43.5

Obese 14.6 19.4 20.3 29.9 16.2 30.3

T2DM incidence (n)

15-49 5,222 6,874 5,449 39,455 10,184 2,994

50-74 21,736 34,359 24,204 163,146 39,563 11,848 GBD
2019

75+ 630 1,032 720 3,051 959 244

Total 27,588 42,265 24,980 205,652 50,706 15,086

Mortality due to T2DM (n)

15-49 55 53 56 246 70 22

50-74 888 1,412 1,155 3,979 1,237 394 GBD
2019

75+ 1,034 3,003 1,692 5,876 1,431 410

Total 1,977 4,468 8,296 10,101 2,738 826

Physical activity level

Total MET-minutes/week, EU 28: 1,524 1,883 2,173 1,542 1,614 1,935 [11]

1940 (1884-1996) (1,381-1,668) (1,714-2,053) (1,976-2,370) (1,365-1,718) (1,440-1,788) (1,749-2,120)

Note: Normal weight (BMI 18.5-24.9 kg/mz); overweight (BMI 25.0-29.9 kg/mz); obesity (BMI > 30.0 kg/: m?). T2DM incidence and mortality are based on actual GBD
data per 100,000 individuals for comparison purposes; however, the model is initialized with non-diabetic individuals. Abbreviations: BMI, Body Mass Index; EHIS,
European Health Interview Survey; EU, European Union; GBD, Global Burden of Disease; MET, Metabolic Equivalent of Task; T2DM, Type 2 Diabetes Mellitus.
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recreational sports, expressed as Metabolic Equivalent of Task (MET)
minutes per week, based on published evidence [11]. We assumed that
physical activity levels increased equally across all age groups and sexes.
This change was modelled to reduce the annual probability of tran-
sitioning from normal weight or overweight to obesity. Our approach
followed established methodological frameworks [26], in which theo-
retical interventions promoting vigorous physical activity were repre-
sented by adjusting the probability of participation in vigorous activity
during each simulation cycle [26]. Both baseline and policy scenarios
were modelled in parallel. Primary outcomes included annual and cu-
mulative numbers of obesity cases, incident T2DM, and deaths attrib-
utable to T2DM. Differences between the baseline and policy scenarios
represented the estimated cases and deaths averted. Results are strati-
fied by sex, age group, and income level, and the model structure is
presented in Supplementary 3 Fig. S1 and S2.

The model was further extended to include two dietary in-
terventions: a 30 % subsidy on fruits and vegetables and replacement of
SSBs with water. These interventions were selected based on evidence of
their effectiveness in reducing obesity and were incorporated into the
model to capture their potential impact on obesity trends. The fruit and
vegetable subsidy has been associated with a 0.2 % reduction in obesity
prevalence by increasing consumption of nutrient-dense foods and dis-
placing less healthy alternatives, with particularly cost-effective benefits
for low-income populations [27]. Replacing an 8-ounce serving of SSBs
(equivalent to approximately 237 mL) with water was linked to a 0.3 %
reduction in obesity prevalence through decreased calorie intake from
added sugars and improved hydration [28]. The extended model was
simulated in a single country, Hungary.

Model performance was assessed through internal validation owing
to data limitations, as no comparable external datasets were available
for the study population. Internal consistency checks confirmed model
stability, and reproducibility was ensured by using a fixed random seed.
For external face validity, we compared the SSB-only scenario with
observed post-tax changes in purchases and obesity following the UK
Soft Drinks Industry Levy and Mexico’s excise tax, noting contextual
differences in tax design, baseline intake, and substitution patterns to
demonstrate alignment without overfitting to GBD data.

Following best practices for stochastic microsimulation modelling,
we conducted 1,000 Monte Carlo replications to ensure stability and
precision in the estimated outcomes. Previous studies indicate that
1,000 replications are generally sufficient to stabilize key outputs and
generate robust uncertainty intervals [29]. Our model produced
consistent incidence estimates with narrow 95 % uncertainty intervals
across replications. The model was developed based on adaptations of
existing models and published literature [25,26,30,31]. Further details
of the modelling framework, including all code and parameter inputs,
are available at https://github.com/nafanabdu/microsimulation. All
simulations and analyses were conducted using R version 4.4.0. Ethical
approval complies with EHIS Regulation (EC) No. 1338/2008 of the
European Parliament and Council (16 December 2008). The EHIS Wave
3 followed Commission Regulation (EU) No. 2018/255. Participants
provided informed consent before participating. We followed the
modelling guidelines outlined in the Quality Assessment Reporting for
Microsimulation Models (QARMM) checklist (Supplementary 4) [32].

3. Results

Implementing a 20 % SSB tax combined with a 15 % increase in
physical activity between 2020 and 2050 is estimated to yield sub-
stantial health gains across six CEE countries. The cumulative number of
prevented obesity cases ranged from 8,525 (95 % UI 6,397, 10,654) in
Slovakia to 27,949 (95 % UI 23,842, 32,056) in Poland. Corresponding
estimates for T2DM cases averted ranged from 7,344 (95 % UI 4,520,
10,168) to 24,142 (95 % UI 18,809, 29,474), and deaths averted ranged
from 2,617 (95 % UI 394, 4,839) to 8,699 (95 % UI 4,526, 12,872). In
Bulgaria, projections show 10,806 (95 % UI 8405, 13206) obesity cases
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prevented, 9,002 (95 % UI 5,764, 12,239) T2DM cases averted, and
3,180 (95 % UI 659, 5,702) deaths averted. In Czechia, the expected
benefits are 10,905 (95 % UI 8414, 13,396) obesity cases, 9,444 (95 %
Ul 6226, 12,662) T2DM cases, and 3,380 (95 % UI 792, 5,969) deaths
averted. In Hungary, the intervention is projected to prevent 8,864 (95
% UL 6732, 10,997) obesity cases, 7,721 (95 % UI 4,912, 10,530) T2DM
cases, and 2,870 (95 % Ul 634, 5,105) deaths. Across all six countries,
the intervention could prevent 90,778 (95 % UI 83,683, 97,873) obesity
cases, 77,798 (95 % UI 68,411, 87,185) T2DM cases, and 27,751 (95 %
UI 20,393, 35,109) deaths by 2050. (See Fig. 1 and Supplementary 5).

The most considerable projected impact of the SSB tax and increased
physical activity is among low-income individuals aged 15-49 in Cze-
chia, Hungary, and Romania. In Czechia, low-income males aged 15-49
are estimated to prevent 1,176 (95 % UI 647, 1,750) obesity cases, 1,014
(95 % UI 286, 1,722) T2DM cases, and 351 (95 % UI -222, 957) deaths.
In Hungary, males of the same age and income group are projected to
benefit slightly more, with 980 (95 % UI 503, 1,470) obesity cases, 842
(95 % UI 204, 1,467) T2DM cases, and 306 (95 % UI -198, 765) deaths
averted. Similarly, in Romania, low-income males aged 15-49 are esti-
mated to prevent 2,655 (95 % UI 1,840, 3,489) obesity cases, 2,180 (95
% UI 1,105, 3,315) T2DM cases, and 749 (95 % UI -67, 1,602) deaths.

In contrast, in Bulgaria, Poland, and Slovakia, higher-income groups
are projected to experience the most significant benefits. High-income
females aged 50-74 in Bulgaria are expected to prevent 1,163 (95 %
Ul 605, 1,752) obesity cases, 1,006 (95 % UI 274, 1,797) T2DM cases,
and 383 (95 % UI -217, 961) deaths. In Poland, high-income females
aged 15-49 are projected to prevent 3,385 (95 % UI 2,282, 4,477)
obesity cases, 2,772 (95 % UI 1,270, 4,225) T2DM cases, and 957 (95 %
UI -66, 1,991) deaths. In Slovakia, males aged 15-49 are expected to
experience the largest benefits, with 906 (95 % UI 391, 1,436) obesity
cases, 776 (95 % UI 86, 1,433) T2DM cases, and 270 (95 % UI-219, 790)
deaths averted. Overall, benefits declined with age, with the 15-49 and
50-74-year groups contributing most cases prevented, while estimates
among individuals aged 75 years and older were smaller. (See Table 2).

The model projects that the number of obesity cases prevented will
peak in the early to mid-2030 s across most countries, before gradually
declining toward 2050. In contrast, T2DM cases and deaths averted are
projected to continue increasing throughout the period. In Hungary,
obesity prevention peaks around 2031 at 399 cases, then declines to 146
by 2050, while T2DM cases and deaths averted rise to 347 and 243,
respectively. Similar trends are projected in Czechia, Poland, and
Slovakia, with obesity cases prevented reaching 488, 1,246, and 381
around 2032, followed by gradual declines, while T2DM cases and
deaths averted continue to grow, reaching 440 and 291 in Czechia,
1,121 and 748 in Poland, and 338 and 227 in Slovakia by 2050. Romania
and Bulgaria peak slightly later, around 2033, with 1,057 and 476
obesity cases prevented, respectively, before declining, while T2DM
cases and deaths averted continue to rise, attaining 981 and 620 in
Romania and 445 and 281 in Bulgaria by 2050 (Fig. 2).

In a sensitivity analysis, the combined SSB tax and increased physical
activity produced larger projected reductions in obesity, T2DM, and
deaths than the alternative intervention scenarios. Under this main
scenario, an estimated 8,864 (95 % UL: 6,732, 10,997) obesity cases and
7,721 (95 % UI: 4,912, 10,530) T2DM cases would be prevented, with
2,870 (95 % UI: 634, 5,105) deaths averted in Hungary. By comparison,
the model projects that substituting SSBs with water would prevent
5,770 (95 % UIL: 3,576, 7,965) obesity cases, 4,979 (95 % UL 2,194,
7,765) T2DM cases, and 1,762 (95 % UI: —-469, 3,993) deaths, while a 30
% subsidy on fruits and vegetables is projected to prevent 4,011 (95 %
UL: 1,736, 6,287) obesity cases, 3,528 (95 % UI: 743, 6,313) T2DM
cases, and 1,214 (95 % UI: -1,059, 3,488) deaths. A similar pattern was
observed in Bulgaria, Czechia, Poland, Romania, and Slovakia, although
varied by age group and income level. Overall, the combined SSB tax
and increased physical activity scenario is projected to avert approxi-
mately 50 % more cases of obesity and T2DM than the SSB substitution
scenario and more than twice the impact of the fruit and vegetable
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Fig. 1. Total estimated cases of prevented obesity, type 2 diabetes (T2DM) averted, and deaths averted in six Central and Eastern European countries (BG: Bulgaria,
CZ: Czechia, HU: Hungary, PL: Poland, RO: Romania, SK: Slovakia). Error bars represent 95 % confidence intervals.

subsidy scenario (Table 3, and Supplementary 6).
4. Discussion

This study is the first to estimate the combined long-term effects of
fiscal policy, specifically SSB taxation and public health promotion
through increased physical activity, on obesity and T2DM incidence in
CEE countries. The model suggests that implementing a combined
intervention comprising a 20 % tax on SSBs and a 15 % increase in
population-level physical activity could prevent nearly 91,000 obesity
cases, 78,000 T2DM cases, and 27,000 deaths over 30 years in six CEE
countries. These projections are consistent with modelling studies from
Western Europe, such as Ireland [33] and the United Kingdom [34],
which estimated reductions in SSB consumption and reported mean-
ingful declines in obesity and T2DM following the introduction of SSB
taxation. The findings also align with previous evidence showing that
fiscal measures targeting SSBs can encourage product reformulation and
shift consumption towards lower-sugar alternatives by raising the rela-
tive price of high-sugar products [35].

Increasing physical activity also contributed to reductions in the
burden of obesity and diabetes. CEE countries could begin by targeting a
15 % reduction in physical inactivity through stronger national policies.
However, policy implementation remains uneven across the region, with
gaps between planning and execution. Hungary, for example, has
adopted measures across all six domains of the WHO’s MOVING
framework but demonstrates moderate implementation, particularly in
out-of-school activities, workplace programs, and urban design [8].

Slovakia developed a national action plan for 2017-2020, although
further efforts in monitoring and follow-up would strengthen its impact
[8]. In Czechia and Poland, physical activity guidelines have been is-
sued, and school-based interventions introduced; however, opportu-
nities remain to develop more comprehensive strategies and enhance
intersectoral coordination [8]. Romania and Bulgaria have launched
awareness campaigns and issued recommendations, but these initiatives
have generally remained short-term and have faced constraints in
funding and integration [8]. To achieve the WHO GAPPA 2030 targets,
countries must shift from individual-focused approaches to systemic
ones that strengthen school and community programs, improve infra-
structure, secure sustainable funding, and enhance cross-sector collab-
oration. Targeted actions for vulnerable populations, including rural and
socioeconomically disadvantaged groups, are essential to reduce health
inequities [14].

The inclusion of increased physical activity in our model represents a
novel contribution, as most previous analyses have focused solely on
taxation or dietary policy. Evidence from meta-analyses indicates that
moderate increases in population-level physical activity can substan-
tially reduce the risk of obesity, T2DM, and premature mortality [36].
Reinvesting tax revenues into preventive health initiatives and coupling
fiscal measures with effective communication campaigns can enhance
behaviour change and public support. Allocating SSB tax revenues to
support physical activity infrastructure and promotion may help over-
come structural and financial barriers, particularly in countries with
underfunded public health strategies [10].

Our analysis indicates substantial heterogeneity in intervention
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Projected averted cases of obesity, T2DM, and deaths under the main scenario of a 20 % SSB tax and a 15 % increase in physical activity, 2020-2050, in six Central and
Eastern European countries.

Output Bulgaria Czechia Hungary
Prevented T2DM Death averted ~ Prevented T2DM Death averted  Prevented T2DM Death averted
obesity Mean averted Mean ~ Mean (95 % obesity Mean averted Mean  Mean (95 % obesity Mean averted Mean  Mean (95 %
(95 % UD) (95 % UI) uD) (95 % UI) (95 % UD) uDn) (95 % UD) (95 % UI) uD)
Female
Low
income
15-49 794 (390,1,238) 619 (26, 230 (—237, 1114 (592, 944 (198, 340 (-199, 932(483,1,423) 796 (174, 281 (—201,
1,207) 700) 1,679) 1,611) 887) 1,399) 787)
50-74 859(387,1,281) 752 (162, 272 (—246, 1011 (512, 907 (254, 349 (-199, 863 (443,1,290) 780 (173, 306 (—158,
1,372) 758) 1,543) 1,580) 901) 1,406) 774)
75+ 261 (15, 524) 227 (115, 88 (—180, 286 (22, 568) 250 (—83, 78 (222, 251 (-4, 503) 234 (-79, 86 (—175,
581) 370) 586) 358) 560) 341)
Middle
income
15-49 536 (157, 901) 411 (-97, 141 (228, 530 (122, 926) 442 (-76, 159 (—259, 432 (88, 783) 371 (-74, 127 (-235,
902) 531) 975) 542) 837) 498)
50-74 559 (150, 960) 494 (—43, 169 (—265, 476 (125, 839) 423 (-38, 166 (—207, 406 (89, 718) 368(-23770) 137 (—228,
993) 591) 854) 544) 491)
75+ 170 (—26, 389) 140 (—130, 50 (—162, 126 (—62, 324) 117 (-120, 41 (-169, 118 (—41, 304) 96 (—128, 38 (—146,
411) 260) 379) 246) 315) 208)
High
income
15-49 1,049 (482, 788 (—28, 254 (-323, 987 (407,1,553) 814 (114, 268 (—291, 766 (291, 1,246) 648 (56, 231 (—238,
1,613) 1,531) 817) 1,574) 820) 1,236) 681)
50-74 1,163 (605, 1,006 (274, 383 (-217, 837(319,1,334) 754 (71, 262 (—267, 712(276,1,173) 621 (21, 258 (—228,
1,752) 1,797) 961) 1,434) 776) 1,211) 723)
75+ 355 (42, 648) 298 (—94, 106 (—224, 251 (—18, 499) 211 (-106, 83 (—220, 208 (—47, 441) 183 (-138, 70 (—182,
724) 427) 602) 374) 495) 324)
Subtotal 5,746 (4,508, 4,736 (3,067, 1,692 (389, 5,617 (4,346, 4,862 (3,215, 1,746 (444, 4,688 (3,591, 4,098 (2,658, 1,534 (383,
6,983) 6,404) 2,995) 6,888) 6,508) 3,048) 5,785) 5,538) 2,684)
Male
Low
income
15-49 844 (388, 1,276) 665 (23, 213 (274, 1,176 (647, 1,014 (286, 351 (222, 980 (503, 1,470) 842 (204, 306 (—198,
1,290) 688) 1,750) 1,722) 957) 1,467) 765)
50-74 721(338,1,154) 642 (90, 245 (-203, 931 (464, 1,409) 830 (199, 310 (—226, 704 (294,1,092) 633 (88, 253 (—153,
1,198) 699) 1,483) 831) 1,165) 663)
75+ 142 (—49, 340) 118 (—132, 47 (-136, 173 (—28, 384) 148 (107, 47 (-169, 129 (—41, 317) 121 (-130, 46 (—147,
345) 231) 413) 259) 260) 232)
Middle
income
15-49 537 (144, 940) 459 (—45, 155 (—240, 554 (143, 971) 480 (—64, 164 (—234, 464 (133, 820) 386 (—47, 133 (—244,
974) 543) 970) 589) 848) 488)
50-74 463 (125, 822) 414 (-55, 158 (-233, 426 (94, 775) 396 (—36, 149 (—259, 337 (47, 614) 297 (-92, 102 (—220,
874) 508) 851) 531) 687) 443)
75+ 91 (54, 249) 76 (—122, 28 (—123, 83 (—64, 232) 64 (—141, 27 (129, 57 (—65, 188) 52 (-109, 19 (—106,
276) 189) 250) 199) 212) 145)
High
income
15-49 1,102 (532, 846 (91, 264 (-311, 1,031 (435, 859 (136, 282 (-302, 812(310,1,292) 680 (12, 242 (-272,
1,658) 1,675) 833) 1,607) 1,586) 861) 1,345) 733)
50-74 967 (466,1,513) 885 (170, 316 (—238, 768 (309, 1,248) 661 (32, 261 (—227, 588 (186, 986) 522 (16, 198 (—259,
1,535) 880) 1,260) 753) 1,023) 625)
75+ 192 (—44, 435) 162 (-137, 64 (—172, 145 (-62, 361) 130 (—131, 44 (-189, 105 (-76, 283) 89 (-139, 36 (—146,
459) 327) 390) 265) 306) 218)
Subtotal 5,060 (3,897, 4,266 (2,697, 1,489 (270, 5,288 (4,068, 4,582 (3,011, 1,634 (348, 4,177 (3,140, 3,623 (2,254, 1,336 (252,
6,223) 5,836) 2,708) 6,508) 6,154) 2,921) 5,213) 4,992) 2,420)
Total 10,806 (8,405, 9,002 (5,764, 3180 (659, 10,905 (8,414, 9,444 (6,226, 3,380 (792, 8,864 (6,732, 7,721 (4,912, 2,870 (634,
13,206) 12,239) 5,702) 13,396) 12,662) 5,969) 10,997) 10,530) 5,105)
Output Poland Romania Slovakia
Prevented T2DM Death Prevented T2DM Death Prevented T2DM Death
obesityMean avertedMean avertedMean obesityMean avertedMean avertedMean obesityMean avertedMean avertedMean
(95% UI) (95% UI) (95% UI) (95% UI) (95% UI) (95% UI) (95% UI) (95% UI) (95% UI)
Female
Low
income
15-49 2,611 (1,771, 2,208 (1,034, 774 (—143, 2,567 (1,675, 2,101 (1,011, 715 (117, 811 (365, 673 (39, 220 (—267,
3,479) 3,314) 1,638) 3,307) 3,262) 1,543) 1,264) 1,316) 652)
50-74 2,216 (1,463, 1,926 (928, 745 (-84, 2,089 (1,393, 1,884 (891, 666 (—72, 725 (310, 655 (107, 235 (—250,
2,957) 2,956) 1,534) 2,797) 2,856) 1,458) 1,124) 1,241) 661)
75+ 723 (314, 635 (86, 240 (—237, 635 (225, 37 (1,093, 199 (-212, 175 (-22,383) 157 (-119, 63 (—166,
1,158) 1,210) 673) 1,012) 269) 636) 440) 284)

(continued on next page)
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Output Poland Romania Slovakia
Prevented T2DM Death Prevented T2DM Death Prevented T2DM Death
obesityMean avertedMean avertedMean obesityMean avertedMean avertedMean obesityMean avertedMean avertedMean
(95% UI) (95% UI) (95% UI) (95% UI) (95% UI) (95% UI) (95% UI) (95% UI) (95% UI)
Middle
income
15-49 1,379 (750, 1141 (300, 422 (-227, 1,110 (541, 899 (169, 309 (—203, 440 (99, 786) 363 (—86, 134 (—230,
2024) 1978) 1,071) 1,681) 1,676) 842) 812) 495)
50-74 1,167 (588, 1058 (358, 396 (—231, 898 (399, 803 (138, 299 (—245, 371 (66, 687) 325 (—68, 123 (-193,
1799) 1843) 997) 1,399) 1,417) 819) 707) 457)
75+ 378 (58, 720) 345 (—96, 129 (-216, 283 (29, 546) 244 (-102, 92 (181, 92 (—60, 265) 87 (—113, 28 (—145,
786) 468) 624) 367) 281) 196)
High
income
15-49 3,385 (2,282, 2772 (1270, 957 (—66, 2,268 (1,486, 1,816 (727, 589 (-230, 871 (404, 717 (37, 253 (-272,
4477) 4225) 1,991) 3,062) 2,914) 1,479) 1,349) 1,382) 787)
50-74 2,883 (1,935, 2576 (1373, 931 (-71, 1,860 (1,105, 1,657 (680, 592 (172, 725 (271, 644 (24, 1248) 242 (-221,
3792) 3810) 1,919) 2,574) 2,638) 1,384) 1,170) 721)
75+ 991 (445, 889 (173, 322 (—246, 587 (189, 529 (—29, 198 (—231, 188 (—48, 168 (—129, 65 (—173,
1560) 1538) 877) 1,009) 1,061) 625) 436) 444) 329)
Subtotal 15,733 13,551 4,915 (2,694, 12,277 10,487 (8,023, 3,659 (1,760, 4,399 (3,334, 3,767 (2,335, 1,363 (222,
(13,559, (10,682, 7,137) (10,465, 12,951) 5,558) 5,464) 5,239) 2,504)
17,907) 16,420) 14,090)
Male
Low
income
15-49 2,300 (1,480, 1936 (927, 664 (—120, 2,655 (1,840, 2,180 (1,105, 749 (67, 861 (413, 697 (74, 241 (-250,
3119) 2921) 1,505) 3,489) 3,315) 1,602) 1,329) 1,341) 726)
50-74 1,673 (957, 1500 (624, 565 (—117, 1,888 (1,191, 1,674 (787, 603 (—121, 657 (229, 598 (96, 218 (-197,
2361) 2411) 1,248) 2,526) 2,610) 1,287) 1,074) 1,085) 638)
75+ 355 (40, 664) 303 (-92, 119 (—184, 372 (69, 682) 314 (-103, 113 (-212, 91 (-57, 230) 83 (—128, 32 (-128,
712) 454) 698) 420) 281) 1,960)
Middle
income
15-49 1,195 (607, 1022 (200, 362 (—270, 1,166 (605, 938 (220, 333 (—266, 459(113,838) 386 (—101, 129 (-230,
1755) 1779) 959) 1,718) 1,661) 904) 830) 502)
50-74 890 (410, 806 (182, 309 (—221, 815 (358, 722 (98, 255 (—231, 343 (53, 636) 296 (-76, 104 (201,
1404) 1501) 838) 1,291) 1,345) 726) 684) 393)
75+ 188 (-37, 161 (138, 62 (—188, 168 (—34, 144 (-127, 40 (-170, 48 (—61, 166) 42 (95, 181) 15
412) 458) 294) 371) 426) 255) (—96, 134)
High
income
15-49 2,953 (1,929, 2,452 (1,234, 849 (-176, 2,341 (1,560, 1,909 (778, 613 (—224, 906 (391, 776 (86, 270 (-219,
3,916) 3,774) 1,753) 3,122) 3,038) 1,514) 1,436) 1,433) 790)
50-74 2,188 (1,351, 1,983 (942, 697 (—202, 1,699 (1,047, 1,474 (572, 532 (153, 659 (245, 591 (25, 213 (-237,
3,037) 3,057) 1,555) 2,358) 2,348) 1,239) 1,117) 1,142) 682)
75+ 474 (83, 855) 427 (—69, 155 (-231, 347 (38, 695) 303 (-77, 107 (216, 101 (-67, 88 (—123, 31 (-142,
902) 573) 722) 467) 278) 315) 209)
Subtotal 12,216 10,591 (8,127, 3,784 (1,832, 11,452 (9,738, 9,658 (7,329, 3,346 (1,539, 4,126 (3,062, 3,557 (2,185, 1,254 (172,
(10,283, 13,055) 5,735) 13,165) 11,986) 5,153) 5,190) 4,929) 2,336)
14,149)
Total 27,949 24,142 8,699 (4,526, 23,729 20,145 7,005 (3,299, 8,525 (6,397, 7,344 (4,520, 2,617 (394,
(23,842, (18,809, 12,872) (20,203, (15,352, 10,711) 10,654) 10,168) 4,839)
32,056) 29,474) 27,255) 24,938)

Note: Based on data from the European Health Interview Survey, income level was divided into low (first and second quintiles), middle (third quintile), and high
(fourth and fifth quintiles). Abbreviations: T2DM, Type 2 Diabetes Mellitus; UI, Uncertainty Interval.

impact across countries, age groups, and income levels. The largest
relative benefits would be expected among younger and lower-income
individuals in Czechia, Hungary, and Romania. Younger populations
may be more affected, as they tend to consume more SSBs and energy-
dense foods; their behaviours are likely more responsive to price and
incentive changes. Early adoption of healthier behaviours in these
groups may yield cumulative lifetime benefits. This pattern mirrors
empirical findings from Mexico [37] and the United Kingdom [34],
where lower-income groups, who typically consume more SSBs due to
lower cost, greater accessibility, and targeted marketing, showed the
greatest reductions in purchase and consumption following SSB taxa-
tion. As a result, SSB taxes tend to have a greater relative impact on
consumption among younger, lower-income individuals, which can
translate into larger health benefits, including reductions in obesity
prevalence, within these groups.

Conversely, in Bulgaria, Poland, and Slovakia, projected benefits
were more pronounced among higher-income groups. One possible
explanation for this simulated trend is that high-income groups, with
greater resources, may have more opportunities to respond to price
changes (e.g., by substituting SSBs for healthier options), leading to
larger absolute reductions. However, in reality, low-income groups
could experience “regressive” effects from taxes, where the same per-
centage price increase imposes a greater burden, potentially leading to
larger relative reductions if behavior change is modelled differently
[38]. These differences highlight the importance of tailoring SSB and
physical activity interventions to the socio-economic and cultural con-
texts of diverse populations.

Across all six countries, these trends suggest that obesity prevention
yields more immediate short- to medium-term benefits, peaking in the
early to mid-2030 s before gradually declining as the intervention



A.N. Aisul Muhlis and O. Varga Diabetes Research and Clinical Practice 230 (2025) 113002

BULGARIA

CZECHIA

S Onesty Frevensd. B T2OMfvenies B Deathe fucned — Obesiy Prevented — T2DM Averted — Deaths Averted

g
g

Number of cases (thousands)
Number of cases (thousands)

Year Year
HUNGARY POLAND

== Obesity Prevented = T2DMAverted == Deaths Averted ‘= Obesity Prevented — T2DM Averted — Deaths Averted

2000
750
1500
N e -
K H
[ ©
3 H
£ 3 1000
= £
H "
o
@ 250 @
° 8
s s
- —
2 $ =
5 £
3 E}
z z
0
0
250
-500
2020 2030 2040 2050 2020 2030 2040 2050
Year Year

ROMANIA SLOVAKIA

— Obesity Prevented — T2DM Averted = Deaths Averted S Obeslty Prevented £ T2DM Averted &= Deaths Averied

&

g

8

g
Number of cases (thousands)

Number of cases (thousands)

Year Year

Fig. 2. Projected impacts of a 20 % SSB tax combined with a 15 % increase in physical activity on obesity, T2DM, and mortality in Central and Eastern European
countries, 2020-2050. Solid lines represent mean projections, and shaded areas denote 95 % uncertainty intervals.
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Table 3
Estimated averted cases of obesity, T2DM, and deaths under three policy scenarios in six Eastern and Central European Countries, 2020-2050.
Scenarios Bulgaria Czechia Hungary
Prevented T2DM Death Prevented T2DM Death Prevented T2DM Death
obesity averted averted obesity averted averted obesity averted averted
Mean (95 % Mean (95 %  Mean (95 % Mean (95 % Mean (95 % Mean (95 % Mean (95 % Mean (95 % Mean (95 %
uD uDn uDn uD uD un uDn uD uD

20 % SSB Tax + 15 10,806 (8405, 9002 (5764, 3180 (659, 10,905 (8,414, 9,444 3,380 (792, 8,864 (6,732, 7,721 2,870 (634,

% PA 13,206) 12,239) 5702) 13,396) (6,226, 5,969) 10,997) (4,912, 5,105)
12,662) 10,530)

Substituting SSBs 7,042 (4,573, 5,878 2,004 (—500, 7,558 (4,983, 6,466 1,113 (—156, 5,770 (3,576, 4,979 1,762

with water 9,510) (2,714, 4,509) 10,133) (3,205, 2383) 7,965) (2,194, (—469,
9,042) 9,728) 7,765) 3,993)

30 % subsidy on 4,963 (2,386, 4,061 (909, 1,425 5,275 (2,673, 4,560 1,573 4,011 (1,736, 3,528 (743, 1,214
fruits and 7,539) 7,213) (—1,098, 7,877) (1,385, (—1,014, 6,287) 6,313) (-1059,
vegetables 3,947) 7,735) 4,161) 3,488)

Scenarios Poland Romania Slovakia

Prevented T2DM Death Prevented T2DM Death Prevented T2DM Death

obesity averted averted obesity averted averted obesity averted averted

Mean (95% UI)  Mean (95% Mean (95% Mean (95% UI)  Mean (95% Mean (95% Mean (95% Mean (95% Mean (95%
uDn un uDn un [8)))] uDn uDn

20% SSB Tax + 15% 27,949 24,142 8,699 23,729 20,145 7,005 8,525 (6,397, 7,344 2,617 (394,
PA (23,842, (18,809, (4,526, (20,203, (15,352, (3,299, 10,654) (4,520, 4,839)

32,056) 29,474) 12,872) 27,255) 24,938) 10,711) 10,168)

Substituting SSBs 20,132 17,062 6,069 15,492 12,906 4,383 (666, 5,532 (3,356, 4,760 1,674 (—546,

with water (16,065, (11,830, (1,899, (11,798, (8,202, 8,101) 7,707) (1,986, 3,893)
24,199) 22,294) 10,238) 19,186) 17,610) 7,534)

30% subsidy on 14,113 (9,903, 11,822 (6,61, 4,158 (-20, 10,800 (7,032, 8,888 (4,190, 3,039 3,887 (1,626, 3,309 (609, 1,154
fruits and 18,323) 16,984) 8,337) 14,568) 13,587) (—740, 6,147) 6,010) (—1,089),
vegetables 6,818) 3,397)

Abbreviations: PA, Physical Activity; SSB, Sugar-Sweetened Beverage; T2DM, Type 2 Diabetes Mellitus; Ul, Uncertainty Interval.

reaches saturation among the high-risk population. In contrast, re-
ductions in T2DM and deaths accrue more slowly, reflecting the delayed
downstream effects of improved weight status on chronic disease inci-
dence and mortality. Population-level interventions that reduce energy
intake, increase physical activity, and slow weight gain might produce
the largest impact in the early years, when many individuals remain at
risk of transitioning to obesity. Over time, as the prevalence of obesity is
suppressed, fewer new individuals remain at high risk, shrinking the
“pool” of susceptible persons and reducing the incremental number of
obesity cases prevented annually. Modelling studies of adult obesity
indicate that the epidemic may plateau or even decline when successive
birth cohorts enter healthier environments or historic weight-gain tra-
jectories slow. Similar modelling suggests that obesity prevalence across
18 European countries may peak around 2037 before stabilising [39].
Thus, the decline in prevented obesity cases likely reflects both a
reduction in incidence, with fewer individuals transitioning to obesity,
and a shift in the remaining population toward those already obese or
beyond the point of prevention.

Meanwhile, T2DM and deaths averted continue to accumulate, as
risk reduction manifests later. Even as obesity prevention plateaus, the
cumulative pool of people protected from T2DM grows, with sustained
benefits in later decades [40]. Sustained implementation is therefore
critical: while obesity prevention yields short-term gains, long-term
benefits in T2DM and mortality reinforce the enduring value of
population-level interventions. Preventing obesity in younger cohorts
generates larger downstream benefits, given their higher lifetime risk of
diabetes and death. Declining annual numbers of prevented obesity
cases should not be interpreted as intervention failure; instead, they
reflect saturation effects and sustained long-term gains in chronic dis-
ease outcomes.

Sensitivity analyses confirmed that combining a 20 % SSB tax with a
15 % increase in physical activity would deliver substantial health gains.
However, the feasibility and cost-effectiveness of implementation
require careful consideration. Industry opposition and public resistance
to SSB taxes highlight the need for strategic communication, phased
implementation, and complementary measures such as incentives for

healthier choices [41]. Alternative scenarios, including SSB substitution
with water and a 30 % fruit and vegetable (F&V) subsidy, generated
smaller but complementary benefits. The impact of SSB taxation may
depend on substitution patterns. In Hungary, replacing SSBs with water
would avert 5,770 obesity cases and 4,979 T2DM cases. Replacing SSBs
with water reduces caloric intake and glycaemic load, particularly
among adolescents and low-income adults who are major consumers of
sugary drinks. Evidence from Mexico, a 10 % SSB tax reduced sales by
12 % while untaxed beverages, mainly bottled plain water, rose by 4 %
[34], and similar trends were observed in the UK after the Soft Drinks
Industry Levy [42]. Policies that facilitate access to safe and affordable
drinking water, such as public fountains, school hydration programmes,
and front-of-pack water promotion, can reinforce these effects.

A 30 % F&V subsidy addresses affordability barriers, especially for
low-income populations. Evidence suggests that a 10 % subsidy can
increase F&V intake by approximately 14 % in adults, supporting the
notion that combined fiscal measures, including taxes and subsidies, can
improve diet quality and health outcomes at the population level [43].
Overall, no single intervention is sufficient to reverse obesity and T2DM
trends. A national strategy integrating SSB taxation, water substitution,
F&V subsidies, and physical activity promotion could yield synergistic
health and equity gains, while reinvesting revenues in healthy food
access and activity infrastructure may reduce socioeconomic disparities
[44].

5. Strengths and limitations

This study provides a structured projection of the potential health
impact of SSB taxation and increased PA interventions, offering a
valuable tool for policy planning in Central and Eastern European con-
texts. The microsimulation approach accounts for individual-level het-
erogeneity and captures dynamic interactions between interventions
and health outcomes over time. However, several limitations should be
acknowledged. The model relies on idealized assumptions that may not
fully capture the complex and evolving nature of real-world settings,
including shifts in consumer behaviour, industry responses, and
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variations in policy implementation across countries. Baseline data from
the EHIS are self-reported, introducing the potential for reporting bias.
The use of fixed annual transition probabilities to model movement
between health states may overestimate disease progression. These
probabilities were derived from published epidemiological studies
conducted in diverse populations and time periods, which may not fully
capture temporal trends, preventive health interventions, or individual
risk behaviors. Consequently, these estimates may not precisely reflect
disease progression dynamics within each CEE country and should be
interpreted with caution.

Our model assumes that the effects of SSB taxation and physical
activity on T2DM risk operate primarily through reductions in BMI.
Although this approach aligns with existing economic models, it may not
fully capture the complex metabolic pathways by which SSB consump-
tion influences diabetes risk. Emerging evidence suggests that high sugar
intake can impair insulin sensitivity and p-cell function independently of
obesity [45]. Similarly, SSB consumption may affect glucose metabolism
beyond its impact on adiposity [46]. Physical activity has also been
shown to enhance insulin sensitivity independent of weight loss,
through mechanisms such as increased skeletal-muscle glucose uptake
and greater translocation of glucose transporters to the cell surface [47].
Excluding these direct metabolic effects could therefore underestimate
the potential impact of SSB taxation and physical activity on diabetes
risk. Future modelling studies should incorporate both weight-
dependent and weight-independent pathways to provide a more
comprehensive assessment of the effects of SSB taxation.

Due to computational constraints, we simulated synthetic pop-
ulations based on representative baseline characteristics rather than
using detailed individual-level data, which may limit the precision of
individual risk predictions. Similarly, the extended model used for the
sensitivity analysis, which introduced two additional scenarios, a 30 %
subsidy on fruits and vegetables and the replacement of SSBs with water,
was simulated for Hungary only. Future studies could expand this
analysis to other countries in Central and Eastern Europe to assess the
generalisability of these findings and their potential impact across the
region. Additionally, further research could simulate the effects of
higher SSB tax rates, especially considering the WHO’s recent initiative
urging countries to raise sugary drink prices by at least 50 % by 2035
through taxation [49]. Future research could examine cost-effectiveness
across different socioeconomic groups and explore strategies to enhance
the equity, reach, and sustainability of both fiscal and behavioural in-
terventions. It will be essential to consider local socioeconomic condi-
tions and assess potential co-benefits, including reductions in
cardiovascular disease and other obesity-related conditions. While the
model provides important insights, its real-world application must
consider country-specific constraints, such as policy inertia, public
acceptance, and administrative capacity. Future studies should aim to
integrate dynamic feedback loops (e.g., substitution effects in diet or
changes in physical activity behavior) and, where possible, validate
predictions against longitudinal cohort data. Moreover, health equity
implications should be explored, particularly whether such fiscal and
behavioral interventions disproportionately benefit or burden low-
income populations. These steps would enhance the model’s relevance
and policy utility.

While the model incorporated socioeconomic stratification, it may
not fully capture the dynamic interplay between income, education, and
urban-rural differences. Furthermore, our model does not explicitly
account for potential industry responses, such as product reformulation
or marketing shifts, nor cross-border purchasing, all of which could in-
fluence the real-world impact of taxation. We also did not directly
calculate SSB consumption, instead relying on price elasticity estimates
from the published literature. Additionally, the analysis assumes a uni-
form 15 % increase in physical activity across populations, which may
not occur equally across income groups. In practice, implementation
could exacerbate inequalities if environments that promote physical
activity remain less accessible in lower-income areas. Future empirical
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and microsimulation studies should explore these structural modifiers in
greater depth.

6. Conclusion

As Central and Eastern European countries continue to face growing
NCD burdens, integrating fiscal and behavioural health policies could
substantially improve population health, particularly by reducing
obesity, T2DM, mortality, and associated health inequalities. Policy-
makers should prioritise comprehensive approaches that include
implementing or strengthening SSB taxation, ensuring access to safe and
affordable drinking water, increasing the availability of fruits and veg-
etables, and expanding opportunities for physical activity, particularly
among younger and lower-income populations. Evidence from this
modelling study can also inform regional health strategies aligned with
the WHO European Programme of Work and the Sustainable Develop-
ment Goals.
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