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Abstract
Background  Evaluating sugar-sweetened beverage (SSB) taxation often relies on simulation models. We assess how 
assumptions about the response to SSB taxation affect the projected body weight change and subsequent health 
and economic impacts related to type 2 diabetes mellitus (T2DM) using Germany as an example.

Methods  In the main analysis, we estimated changes in energy intake by age and sex under a 20% value-added 
tax on SSBs in Germany using marginal price elasticities (PE) and applied an energy equilibrium model to predict 
body weight changes. We then quantified the impact of several assumption modifications: SSB own-PE adjusted for 
consumption (M1)/based on alternative meta-analysis (M2); SSB consumption adjusted for underreporting (M3); 
substitution via marginal (M4a) or adjusted (M4b) cross-PE/as % of calorie change (M4c). We also assessed scenarios 
with alternative tax rates of 10% (S1) or 30% (S2) and including fruit juice (S3). We calculated overweight and obesity 
rates per modification and scenario. We simulated the impact on T2DM, associated healthcare costs, and disability-
adjusted life years (DALYs) over the lifetime of the 2011 German adult population with a Markov model. Data included 
official demographics, national surveys, and meta-analyses.

Results  A 20% value-added tax in Germany could reduce the number of men and women with obesity by 210,800 
[138,800; 294,100] and 80,800 [45,100; 123,300], respectively. Over the population’s lifetime, this would lead to modest 
T2DM-related health and economic impacts (76,700 DALYs [42,500; 120,600] averted; €2.37 billion [1.33; 3.71] costs 
saved). Policy impacts varied highly across modifications (all in DALYs averted): (M1) 94,800 [51,500; 150,700]; (M2) 
164,200 [99,500; 243,500]; (M3) 52,600 [22,500; 91,100]; (M4a) -18,100 [-111,500; 68,300]; (M4b) 25,800 [-31,400; 81,500]; 
(M4c) 46,700 [25,300; 77,200]. The variability in policy impact related to modifications was similar to the variability 
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Background
Consistent evidence shows that the consumption of 
sugar-sweetened beverages (SSBs) contributes to poor 
diets and the global health and economic burden of non-
communicable diseases (NCDs) [1]. SSB consumption 
is directly and indirectly associated with morbidity and 
mortality through overweight and obesity, dental caries, 
cancer, osteoarthritis, cardiovascular disease, and type 2 
diabetes mellitus (T2DM) [2–6].

To reduce this burden, the taxation of SSBs has been 
proposed for many years [7, 8]. Depending on their 
objective, SSB taxes are designed to reduce SSB and sugar 
consumption, incentivize reformulation, and generate 
revenue to compensate for negative externalities through 
the associated disease burden [7, 9, 10]. Over 45 coun-
tries and jurisdictions have implemented taxes on SSBs 
of different magnitude and design (e.g., tiered vs. flat 
tax), and the World Health Organization (WHO) recom-
mends taxation of SSBs as an essential preventive policy 
to achieve global NCD targets [11–13]. However, no such 
policy has been enacted in Germany [13].

Simulation models have been widely used to estimate 
the expected long-term health and economic impact of 
SSB taxation policies [14]. These models combine the 
best available epidemiological and economic evidence in 
a mathematical model to simulate policy scenarios com-
pared to a counterfactual ‘do-nothing’ scenario. Results 
from modeling studies can, therefore, guide policymakers 
and promote effective NCD prevention [14–16].

However, the outputs of such models are subject to dif-
ferent sources (or types) of uncertainty. These arise, for 
example, from statistical estimation procedures, ana-
lytical decisions, simplifying assumptions, and relevant 
sub-group differences [17]. Conceptually, four sources of 
model output uncertainty are typically distinguished: sto-
chastic uncertainty, parameter uncertainty, heterogeneity, 
and structural uncertainty [17]. Stochastic uncertainty 
(also called first-order uncertainty) is primarily relevant 
in simulation models where individuals are simulated 
separately (microsimulation) and describes the random 
variation in simulated individual outcomes. For example, 
for any number of individuals with the same probability 
of developing T2DM, not all will eventually get the dis-
ease in a simulation [17]. Parameter uncertainty (also 

called second-order uncertainty) describes the uncer-
tainty related to the used model parameters. For example, 
if considered, the relative risk used to characterize the 
relationship between BMI and T2DM in a simulation is 
subject to uncertainty that propagates to the model out-
puts. Heterogeneity, on the other hand, describes any 
variation in model outputs that can be explained by pop-
ulation characteristics, such as age, sex, and others. For 
example, dietary intake, disease incidence, and/or relative 
risks linking the two may vary between men and women 
and across age groups [17].

Lastly, structural uncertainty is the uncertainty in out-
puts arising from multiple, potentially equally viable, 
model structures and related assumptions, of which typi-
cally only one is implemented for a particular analysis. 
For example, the effect of BMI on T2DM can be imple-
mented with a continuous estimate (e.g., relative risk per 
unit of BMI) or by overweight and obesity status (e.g., 
separate relative risks for overweight and obesity com-
pared to normal weight). Other aspects of structural 
uncertainty may include, for example, the selected mod-
eling approach (e.g., Markov cohort model, microsimu-
lation) and the included diseases and their relationships 
(e.g., in a model of the effects of BMI on coronary heart 
disease [CHD] and T2DM incidence, the latter could 
additionally be included as an independent risk factor for 
CHD) [14, 17].

In this study, we focus on the approach used to esti-
mate the response to SSB taxation in a population which 
is one essential aspect of structural uncertainty in the 
context of the simulation-based evaluation of this type of 
policy. Concretely, the population response is the change 
in SSB intake and consequent change in sugar consump-
tion following increased prices or reformulation due 
to an SSB tax. Because sugar is high in calories, a net 
reduction in sugar consumption, in theory, would lead to 
reduced overall caloric intake and, eventually, weight loss 
[18]. This long-term change in body weight is the most 
important model parameter for the simulated long-term 
health effects of SSB taxation. Therefore, considering the 
structural uncertainty in the link between the taxation 
policy and behavior change that results in SSB consump-
tion change, including the compensatory consumption of 

between alternative policy scenarios (all in DALYs averted): (S1) 26,400 [9,300; 47,600]; (S2) 126,200 [73,600; 194,500]; 
(S3) 342,200 [234,200; 430,400].

Conclusions  Predicted body weight reductions under SSB taxation are sensitive to assumptions by researchers often 
needed due to data limitations. Because this variability propagates to estimates of health and economic impacts, the 
resulting structural uncertainty should be considered when using results in decision-making.
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other commodities (e.g., fruit juice), is critical for robust 
projections of long-term health benefits [14].

In this context, several aspects are important. First, 
most applied modeling studies typically implement the 
behavioral response to SSB taxes with price elasticities 
of demand, which quantify the (relative) change in SSB 
demand based on a (relative) change in price [14, 19]. 
However, a drawback of this approach is that research-
ers often assume the same marginal own- and cross-price 
elasticities for the whole population due to data limita-
tions [14]. This disregard of behavioral heterogeneity 
may lead to an over- or underestimation of projected 
consumption changes. Economic studies based on high-
dimensional consumer data have shown this is a critical 
assumption [20–22].

Additionally, researchers often face challenges in data 
availability and quality, which is particularly important 
in nutrition-related applications due to measurement 
biases such as underreporting [14, 23, 24]. The latter 
partly relates to parameter uncertainty and heterogeneity 
(e.g., the variation in mean SSB consumption per age-sex 
group) and structural uncertainty (e.g., the assumption 
that mean SSB consumption is underreported and the 
decision to account for this). In conjunction with the 
fact that price elasticities indicate relative changes in 
consumption, the resulting alternative assumptions have 
quantitative implications and can thus impact policy rec-
ommendations [25, 26].

Following the above considerations, this study aims to 
assess the structural uncertainty from a range of differ-
ent assumptions regarding the population response to a 
hypothetical 20% value-added tax on SSBs in Germany 
with regard to the projected body weight reduction. To 
achieve this, we (1) test modifications of own- and cross-
price elasticities of SSBs and fruit juice, which induce 
heterogeneity compared to a standard price elasticity 
approach, and (2) compare alternative approaches to 

implementing the effects of taxation in the model. We 
then use an established Markov cohort simulation model 
developed for the ACE-Obesity Policy study [27] and 
adapted to Germany to model the impact of the estimated 
weight reductions on T2DM and related healthcare costs. 
Lastly, we also explore different scenarios of tax rate and 
taxed beverage categories (SSBs-only vs. SSBs and fruit 
juice) to understand the relative importance of the struc-
tural uncertainty arising from the assessed policy model-
ing assumptions.

Methods
Study overview
Our general methodological approach to estimating the 
impact of SSB taxation in this study comprised several 
conceptual steps illustrated in Fig. 1. First, we derived the 
relative change in SSB prices. Second, we calculated the 
resulting change in SSB consumption using a standard 
price elasticity approach (see Sect. 2.3.2). Third, we esti-
mated the long-term shift in the body weight (and con-
sequently body mass index [BMI]) distribution resulting 
from changes in energy intake with established energy 
balance equations. Finally, we used a proportional multi-
state life table Markov simulation model to analyze the 
long-term health and economic impacts on type 2 diabe-
tes compared to a base case ‘do-nothing’ scenario.

We then repeated this analysis under alternative 
assumptions about how to correctly estimate the change 
in SSB consumption and energy intake under a tax, 
including the consideration of caloric substitution (here-
after: modifications; Sect.  2.3.3) to analyze the related 
structural uncertainty in the projected long-term BMI 
change and consequent T2DM-related outcomes. We 
additionally assessed alternative policy scenarios in which 
we varied the tax rate and considered the additional taxa-
tion of fruit juice (hereafter: scenarios; Sect. 2.3.4).

Fig. 1  Logic model of the sugar-sweetened beverage tax simulation modeling approach. Abbreviations: DALY, disability-adjusted life years; ml, milliliter; 
SSB, sugar-sweetened beverages. Logic model of the simulation approach depicting the conceptual pathways of the analyses. Solid arrows indicate 
pathways of the main analysis. Dashed arrows indicate pathways that are relevant for scenario and modification analyses, such as substitution and ad-
ditional taxation of fruit juice
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Simulation modeling analyses were conducted over 
the lifetime (i.e., maximum age of 100 years) of the 2011 
German population aged 20 years and older, stratified by 
sex and 5-year age cohorts. We chose 2011 as the base 
year of our analysis and simulation model because most 
required data inputs were available for this or adjacent 
years, and we could not identify newer data sources. 
Although we acknowledge that our results are not rep-
resentative of the current German population, this is not 
relevant to the quality of our analysis as we are primarily 
interested in the variability of estimated policy impacts 
due to structural uncertainty arising from policy model-
ing assumptions. Data sources included official German 
demographics, disease surveillance, and nationally repre-
sentative dietary data. We provide an overview of input 
data and parameters in Appendix 1.

Main taxation scenario
As the main scenario, we considered a hypothetical 20% 
value-added tax on SSBs in Germany, which is argued to 
be the minimum tax rate to substantially influence SSB 
purchasing and corresponds to the average rate of imple-
mented taxes globally [28]. The tax was assumed to tar-
get SSBs, which are defined as all soft and fruit drinks 
with added caloric sweeteners, but not fruit juice with-
out added sweeteners or artificially sweetened beverages, 
which is consistent with many implemented taxes [13]. 
While the WHO recommends that SSB tax rates should 
ideally take the sugar content of beverages into account 
to incentivize reformulation, and many implemented 
taxes, such as the Soft Drinks Industry Levy (SDIL) in 
the United Kingdom (UK) are designed accordingly, we 
chose not to analyze such a tax design due to data limita-
tions [29].

Based on recent findings from a meta-analysis of out-
comes under implemented SSB taxes, we assumed a tax 
pass-through from producers to consumers of 82% and 
that no relevant substitution to untaxed beverage cat-
egories would occur [11]. Thus, we do not account for 
the substitution to fruit juice or milk in the main analysis 
and explore the potential impact of this in detail via the 
implemented modifications. It is important to note that 
we are unable to consider the potential substitution to 
artificially sweetened beverages because the nutritional 
survey we use does not allow us to distinguish between 
‘regular’ and low-calorie SSBs (see Sect. 2.3.1.) [30].

Impact of SSB taxation on SSB consumption
Two key input parameters are needed to estimate the 
change in beverage consumption based on a taxation pol-
icy. First, the baseline level of consumption for all taxed 
beverage categories and potential substitutes is needed. 
Second, parameters indicating the demand for the rel-
evant beverage categories based on price changes (i.e., 

price elasticities) – here induced by the tax – are needed 
to estimate changes in consumption based on the base-
line level.

Baseline beverage consumption
We used baseline data on BMI (in kg/m²), consump-
tion of SSBs, fruit juice and milk (all in milliliters [ml] 
per day), and total energy intake (in kilocalories [kcal] 
per day) from the second German National Nutrition 
Survey (NVS II), which is the most contemporary pop-
ulation-based data source of dietary intake in Germany 
[31], aggregated by sex and 5-year age cohorts using the 
appropriate survey weights (Appendix 1). Although the 
NVS II was conducted between 2005 and 2007, it is suit-
able for our purposes because we are not interested in 
population representativeness. Generally, Germany’s per 
capita consumption of different non-alcoholic beverage 
categories has remained stable [32]. Information on SSB 
sub-categories (e.g., low-calorie SSBs) and the number 
of calories consumed per beverage category are unfor-
tunately not available in NVS II. We therefore assumed 
48 kcal per 100 ml of SSB and 45 kcal per 100 ml of fruit 
juice based on a recent study from Canada, which esti-
mated energy content based on sugar concentration in 
SSB sub-categories [33]. Considering the global scope of 
beverage production, this assumption is reasonable. For 
the average caloric value of milk, we used 59  kcal per 
100 ml, which is based on a German scientific report on 
the energy content of milk, weighted for different levels 
of fat, and adjusted for density [34, 35]. Separate informa-
tion on flavored milk products was not available as these 
were included in the overall milk category of the NVS II.

Standard price elasticity approach
We calculated consumption per beverage category after 
the tax using price elasticities (Appendix 2). Briefly, price 
elasticities measure the percentage change in demand for 
one good (e.g., SSBs) based on a 1% change in the price 
of the same good (own-price elasticity) or another good 
(cross-price elasticity).

We used estimates from an international meta-analysis 
of SSB own-price elasticities and cross-price elasticities 
of potential substitute beverages (Cabrera Escobar et 
al., 2013) primarily based on economic demand model-
ing studies [36]. We opted to use this study because it 
enabled us to use both own- and cross-price elasticities 
for SSBs and their potential substitutes from the same 
source [36]. This would not have been possible using 
estimates from a more recent meta-analysis of the SSB 
own-price elasticity (Andreyeva et al., 2022) based on 
ex-post evaluations using observational data in juris-
dictions with implemented SSB taxes [11]. Estimates of 
the SSB own-price elasticity are very similar between 
both meta-analyses despite being based on studies using 
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different methods [11, 36]. Indeed, the estimates from 
Cabrera Escobar et al. (2013) are slightly lower, making 
our approach conservative [11, 36].

Thus, for the own-price elasticity of SSBs, we used a 
mean value of -1.299, and for the cross-price elasticities 
for SSBs to fruit juice and milk, we used mean values of 
0.388 and 0.129 [36]. As described above, we assumed 
no substitution between beverage categories in the main 
scenario, therefore only considering the (average) own-
price elasticity of SSBs.

Modifications of policy modeling assumptions
We applied various literature-informed modifications 
to assess structural uncertainty from modeling assump-
tions regarding the behavioral response to the SSB tax. 
First, we investigated alternative assumptions that pri-
marily affect the change in SSB consumption, including 
simplistic adjustments of own-price elasticities to assess 
the potential impact of heterogeneity by age as a proxy 
for consumption (Modifications 1–3). Second, we inves-
tigated several ways of implementing substitution to fruit 
juice and milk (Modifications 4a-4c).

Modifications 1–3: assumptions affecting the change 
in SSB consumption  First, evidence shows that indi-
viduals with a high baseline consumption will react less 
elastic to the tax, possibly due to mechanisms related to 
addiction (see, for example, Etilé & Sharma (2015)) [20, 
21]. To account for this, we adjusted the own-price elas-
ticity of SSBs for the level of baseline SSB consumption 
in the respective age-sex cohort, taking advantage of the 
strong correlation between SSB consumption and age 
in the data (Modification 1). This adjustment resulted in 
lower elasticities for younger age groups (i.e., high SSB 
consumers) (Appendix 6). SSB own-price elasticities were 
adjusted with the following equation:

	
δ own, age = γ × δ own ×

θ sex

θ sex, age
� (1)

where δ own, age  is the adjusted age-specific own-price 
elasticity for SSBs, δ own is the population level marginal 
own-price elasticity from [36], θ sex  is the sex-specific 
mean consumption of SSBs, θ sex, age  is the age-sex-spe-
cific mean consumption of SSBs and γ  is a scaling factor 
set to 0.5, which ensures that the mean of δ own, age  for all 
males and females is equal to δ own.

Second, we used an SSB own-price elasticity estimate 
from another alternative meta-analysis based on inter-
ventional and prospective observational studies (Modifi-
cation 2). Afshin et al. (2017) [37] estimated an own-price 
elasticity of 0.674, which resulted in a decrease in SSB 
consumption of 11.05% (for all age-sex cohorts) in our 
taxation scenario (pass-through of 82%).

Third, we adjusted SSB consumption for potential 
misreporting because predicted relative changes in SSB 
consumption directly depend on baseline SSB intake 
(see Sect. 2.3.2.). We based this adjustment on the ratio 
between industry-reported, export-adjusted SSB con-
sumption per capita and the self-reported consumption 
levels in the NVS II (Modification 3) [32]. We found that 
industry-reported SSB consumption was approximately 
1.86 times higher than self-reported consumption in the 
NVS II [32]. We thus multiplied self-reported SSB con-
sumption with 1.86 under the simplifying assumption 
that misreporting patterns and measurement biases were 
the same in all age-sex cohorts (Appendix 6).

Modifications 4a-c: assumptions about substitution 
between beverage categories  Fourth, we considered 
substitution to fruit juice and milk via estimates of cross-
price elasticities, which were extracted from the literature 
together with the own-price elasticities of SSBs (Modifica-
tion 4a) [36].

Fifth, we adjusted the above cross-price elasticity of 
fruit juice following a previous study to reflect that SSB 
high-consumers might have a higher cross-price elastic-
ity of fruit juice with respect to the price of SSBs (i.e., are 
more likely to substitute SSBs with fruit juice) (Modifica-
tion 4b) [38] (Appendix 6). To achieve this, the respec-
tive cross-price elasticity was adjusted with the following 
equation:

	
δ cross,age = δ cross × θ sex, age

θ sex
� (2)

where δ cross, age  is the adjusted age-specific cross-price 
elasticity for SSBs and fruit juice, δ cross is the marginal 
cross-price elasticity, θ sex  is the sex-specific mean con-
sumption of SSBs and θ sex, age  is the age-sex-specific 
consumption of SSBs. The cross-price elasticity for milk 
was not adjusted because its value is comparably small 
and overall consumption levels in the NVS II data are low 
making it much less important for caloric substitution 
compared to fruit juice.

Lastly, we applied an alternative approach to include 
substitution effects based on a previous study that 
assumed SSBs would be equally replaced by water, low-
calorie SSBs, and fruit juice [39]. Combined with earlier 
estimates of the effect of replacing SSBs with other bever-
ages on energy intake, this study assumed that 61% of the 
calories reduced under SSB taxation would be compen-
sated for (Modification 4c) [39, 40].

Policy scenario analyses
To understand the relative importance of the assump-
tions underlying the above modifications with respect 
to the estimated body weight change, we additionally 
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conducted three policy scenario analyses. First, we var-
ied the tax level to 10% (Scenario 1) and 30% (Scenario 
2). Second, we assumed that the tax would additionally 
apply to fruit juice, which is also high in free sugars and 
may have detrimental health effects on T2DM [41]. Due 
to a lack of data, we assumed the same average own-price 
elasticity as for SSBs (Scenario 3).

Long-term change in body weight after the tax
Using the baseline and calculated post-tax consump-
tion levels for each modification and scenario, we com-
puted the resulting change in energy intake in kcal by age 
group and sex. We then estimated the age-sex-specific 
long-term population-level changes in body weight with 
an energy balance equation, which postulates that at the 
population level, a 1% decrease in total energy intake will 
lead to an approximately 0.7% reduction in body weight 
at equilibrium [42]. Uncertainty in weight change was 
assessed using a Monte Carlo approach with 2,000 itera-
tions implemented in R version 4.2.0 [43], which takes 
stochastic uncertainty in mean beverage intake, price-
elasticities, and pass-through into account and is detailed 
in Appendix 3. Based on this predicted change in body 
weight, we calculated absolute and relative changes in 
overweight and obesity, assuming a log-normal distribu-
tion of BMI [44].

Long-term health economic impact
We modeled the long-term health impact of changes in 
population-level BMI on T2DM, associated disability-
adjusted life years (DALYs), and healthcare costs using a 
proportional multi-state life table Markov (MSLT) cohort 
model [27, 45, 46]. The model uses potential impact frac-
tions (PIF) to estimate the proportion of T2DM inci-
dence attributable to overweight and obesity [44]. Details 
on this widely adopted modeling method are given in 
Appendix 4 and elsewhere [47–49].

The MSLT model is implemented in Microsoft Excel. 
Uncertainty from model parameters (second-order 
uncertainty) was assessed using the Excel add-in software 
“Ersatz” and “EpiGearXL” with 2,000 Monte Carlo itera-
tions by sampling from appropriate probability distribu-
tions of key parameters (Appendix 5) [17]. Uncertainty in 
outcomes is presented as 95%-uncertainty intervals [50, 
51].

Impact on type 2 diabetes Mellitus
We obtained the most recent data on the incidence and 
prevalence of T2DM by age and sex from a 2011 analysis 
of the German statutory health insurance and retrieved 
all-cause and T2DM mortality rates from the German 
Health Data Reporting System (Gesundheitsberichter-
stattung des Bundes, www.gbe-bund.de) (Appendix 1) 
[52]. We estimated disease parameters for which no 

information was available based on prevalence, inci-
dence, and mortality rates with DISMOD II [53].

To calculate the PIF of the shift in the BMI exposure 
distribution on T2DM incidence, we used published rela-
tive risks for T2DM per BMI unit increase stratified by 
age (Appendix 1) [44, 54].

Disability-adjusted life years and healthcare costs
We calculated DALYs with a recently published disabil-
ity weight for T2DM [55] and prevalent life years with 
disability per person (i.e., pYLD rate) from the Global 
Burden of Disease Study (GBD) [56] (Appendix 1). Esti-
mates of the 2011 German population by age and sex 
were retrieved from the Human Mortality Database [57] 
(Appendix 1).

To calculate potential healthcare cost savings, we 
multiplied the number of prevalent T2DM cases by the 
German healthcare costs per T2DM case. Estimates of 
one-year per-capita healthcare costs for patients with 
and without T2DM were based on a recent study using 
data from Germany’s largest statutory health insurance 
[58] (Appendix 1). Cost values were deflated to 2011 lev-
els using the official German price index for the health 
sector. Projected savings are net of increased healthcare 
costs from other diseases due to longer life expectancy. 
Healthcare costs and DALYs were discounted at a rate of 
3% [59].

Results
Main analysis
In the main analysis, we observed moderate reductions in 
population body weight under a 20% value-added SSB tax 
in men and women compared to the base case without a 
tax (Figs. 2 and 3). Because SSB consumption is strongly 
associated with younger age and male sex and the 
response to the tax is proportional to consumption when 
using price elasticities, the largest long-term reduction in 
body weight of on average around 0.82  kg [95%-uncer-
tainty interval: 0.57; 1.10] was predicted to occur in the 
cohort of men aged 20–24. In comparison, women aged 
75 + are predicted to achieve only reductions of, on aver-
age, around 0.03 kg [0.00; 0.07] (Fig. 2).

Overall, the tax would lead to a reduction in the pro-
portion of German men who are overweight and obese 
by 0.47 [0.32; 0.65] and 0.68 [0.45; 0.95] percentage 
points, respectively. This translates to 146,500 [99,200; 
200,900] fewer men being overweight and 210,800 
[138,800; 294,100] fewer being obese (Table  1). For 
women, the reduction would be 0.21 [0.13; 0.31] percent-
age points in overweight (69,300 [43,000; 100,300] fewer 
cases) and 0.25 [0.14; 0.38] percentage points in obesity 
(80,800 [45,100; 123,300] fewer cases) (Table 1).

Over the cohort’s lifetime, this reduction in body 
weight would translate into modest impacts on the 

http://www.gbe-bund.de
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epidemiology of T2DM in Germany. Overall, the simu-
lation predicted around 86,400 [42,600; 141,100] fewer 
incident cases of T2DM and over 2.27  million [1.26; 
3.56] fewer prevalent years lived with the disease. This 
would translate into over 76,700 averted DALYs [42,500; 
120,600] and healthcare cost savings of around €2.37 bil-
lion [1.33; 3.71] for the German statutory health insur-
ance (Appendix 7).

Impact of policy modeling assumptions
Assumptions affecting the change in SSB consumption
The first set of modifications we analyzed was related to 
assumptions affecting the projected change in SSB con-
sumption under the hypothetical SSB taxation scenario 
(Modifications 1–3; Appendix 6). These analyses revealed 
that alternative assumptions for own-price elasticities, as 
well as the assumed baseline level of SSB consumption, 
might significantly impact the predicted change in body 
weight in men (Fig. 2) and women (Fig. 3).

Adjusting own-price elasticities for the level of SSB 
consumption (Modification 1) drastically decreased pro-
jected reductions in overweight and obesity for men 
(31,900 [18,600; 47,700] and 151,600 [90,200; 225,300] 
fewer cases) and for women (22,300 [10,100; 37,200] and 
57,800 [26,300; 95,500] fewer cases) (Table 1). Similarly, 
implementing the policy via a meta-analytic estimate of 
the effect of observed price increases on SSB consump-
tion (Modification 2) led to smaller body weight reduc-
tions compared to the main analysis (Figs.  2 and 3). 
However, correcting self-reported SSB consumption for 
potential underreporting (Modification 3) resulted in 
substantially higher body weight reductions and impacts 
on overweight and obesity for men (292,400 [200,500; 
398,800] and 416,800 [286,200; 566,800] fewer cases, 
respectively) and women (145,200 [96,100; 203,200] and 
177,600 [112,400; 255,900] fewer cases for overweight 
and obesity respectively) (Table 1; Figs. 2 and 3).

Consequently, Fig.  4 shows that these diverging pre-
dictions of body weight reduction implied considerable 

Fig. 2  Body weight change based on different SSB tax scenarios and assumption modifications by age group for men. Abbreviations: kg, kilogram; SSB, 
sugar-sweetened beverages. Box plots display uncertainty in predicted body weight change based on 2,000 Monte Carlo simulations. The Monte Carlo 
sampling is based on the sample mean and standard error per beverage category from NVS II. The predicted change in energy intake using price elastici-
ties and the corresponding long-term change in body weight based on Swinburn et al. (2009) is calculated per sample. Main analysis: Impact of 20% 
value-added tax on SSBs estimated with standard price elasticity approach (see Sect. 2.3.2.). Modification 1: SSB own-price elasticity adjusted for baseline 
SSB consumption (see Sect. 2.3.3.1.). Modification 2: SSB own-price elasticity from an alternative meta-analysis (see Sect. 2.3.3.1.). Modification 3: Baseline 
SSB consumption adjusted for underreporting (see Sect. 2.3.3.1.). Modification 4a: Including the substitution to fruit juice and milk with cross-price elas-
ticities (see Sect. 2.3.3.2.). Modification 4b: Fruit juice cross-price elasticity adjusted for SSB consumption (see Sect. 2.3.3.2.). Modification 4c: Estimating 
substitution based on calories instead of cross-price elasticities (see Sect. 2.3.3.2.). Scenario 1: 10% value-added tax on SSBs (see Sect. 2.3.4.). Scenario 2: 
30% value-added tax on SSBs (see Sect. 2.3.4.). Scenario 3: 20% value-added tax on SSBs and fruit juice (see Sect. 2.3.4.). The pass-through of the tax was 
set to 82% based on [11] in all analyses, modifications, and scenarios
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structural uncertainty in the projected health and eco-
nomic impact regarding the prevention of T2DM. How-
ever, how these are propagated through the simulation 
model can be complex. For example, despite comparably 
little body weight reduction, T2DM prevention effects in 
Modification 1 are larger than in the main analysis due 
to prevention at higher ages being more beneficial (Fig. 4, 
Appendix 7).

Assumptions about substitution between beverage 
categories
The second set of modifications we analyzed was related 
to assumptions affecting the potential caloric substitu-
tion to other beverages (Modifications 4a-c; Appendix 
6). Here, the estimated impact of the analyzed SSB tax on 
body weight was considerably reduced (Figs. 2 and 3).

Using standard (i.e., unadjusted) cross-price elastici-
ties (Modification 4a), the tax led to a slight reduction 
in overweight and obesity among men (94,900 [36,500; 
158,800] and 88,900 [-37,600; 213,900] fewer cases) and 

even increases in obesity among women (32,500 [-68,500; 
142,000] more cases) (Table  1). The latter results from 
“over-substitution” to juice in women above age 50 due 
to how price elasticities are applied in the standard 
approach. When adjusting cross-price elasticities (Modi-
fication 4b), this phenomenon was alleviated by reducing 
cross-price elasticities for low SSB consumers (change 
in obesity: 107,100 [-4,300; 219,600] fewer cases among 
men; 6,500 [-75,600; 92,000] more cases among women). 
Lastly, implementing substitution in terms of calories 
(Modification 4c) resulted in a slightly attenuated but still 
relevant decrease in body weight and prevented cases of 
overweight and obesity compared to the main analysis 
(men: 88,400 [56,900; 128,500] fewer cases of overweight 
and 129,300 [80,000; 190,300] fewer cases of obesity; 
women: 42,200 [24,700; 64,100] and 49,400 [26,300; 
80,300] fewer cases) (Table 1; Figs. 2 and 3).

Again, this variability of predicted body weight reduc-
tions with respect to how substitution is considered leads 
to high structural uncertainty in the simulated lifetime 

Fig. 3  Body weight change based on different SSB tax scenarios and assumption modifications by age group for women. Abbreviations: kg, kilogram. Box 
plots display uncertainty in predicted body weight change based on 2,000 Monte Carlo simulations. The Monte Carlo sampling is based on the sample 
mean and standard error per beverage category from NVS II. The predicted change in energy intake using price elasticities and the corresponding long-
term change in body weight based on Swinburn et al. (2009) is calculated per sample. Main analysis: Impact of 20% value-added tax on SSBs estimated 
with standard price elasticity approach (see Sect. 2.3.2.). Modification 1: SSB own-price elasticity adjusted for baseline SSB consumption (see Sect. 2.3.3.1.). 
Modification 2: SSB own-price elasticity from an alternative meta-analysis (see Sect.  2.3.3.1.). Modification 3: Baseline SSB consumption adjusted for 
underreporting (see Sect. 2.3.3.1.). Modification 4a: Including the substitution to fruit juice and milk with cross-price elasticities (see Sect. 2.3.3.2.). Modi-
fication 4b: Fruit juice cross-price elasticity adjusted for SSB consumption (see Sect. 2.3.3.2.). Modification 4c: Estimating substitution based on calories 
instead of cross-price elasticities (see Sect. 2.3.3.2.). Scenario 1: 10% value-added tax on SSBs (see Sect. 2.3.4.). Scenario 2: 30% value-added tax on SSBs 
(see Sect. 2.3.4.). Scenario 3: 20% value-added tax on SSBs and fruit juice (see Sect. 2.3.4.). The pass-through of the tax was set to 82% based on [11] in all 
analyses, modifications, and scenarios
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health and economic impact related to the prevention of 
T2DM (Fig. 4, Appendix 7).

Policy scenario analyses
When comparing alternative policy scenarios, we found 
that the projected change in body weight was expect-
edly sensitive to the tax rate (Figs. 2 and 3). In Scenario 
1, reducing the tax rate to 10% led to a smaller reduction 
in cases of overweight and obesity for both men (63,100 
[40,500; 89,300] and 87,400 [51,200; 129,500] fewer cases) 
and women (26,100 [13,400; 41,200] and 26,200 [8,700; 
47,200] fewer cases) (Table  1). Conversely, increasing 
the tax rate to 30% in Scenario 2 resulted in almost twice 
the amount of cases of overweight and obesity prevented 

in both men (232,200 [159,300; 317,100] and 331,900 
[225,200; 455,000] fewer cases) and women (112,600 
[72,700; 159,600] and 134,900 [81,500; 198,600] fewer 
cases) (Table 1). The additional taxation of fruit juice in 
Scenario 3 resulted in the largest weight reduction among 
policy scenarios across all age-sex cohorts and the biggest 
reduction in overweight and obesity (Table 1; Figs. 2 and 
3). The projected lifetime health and economic impacts 
in terms of DALYs and healthcare cost savings due to the 
corresponding prevention of T2DM were consistent with 
these findings (Fig. 4, Appendix 7).

Table 1  Reduction in overweight and obesity in Germany based on SSB taxation scenarios and assumption modifications
Main analysis %-point reduction in 

proportion of overweight 
(95%-UI)

%-point reduction in 
proportion of obese 
(95%-UI)

Reduction in cases of over-
weight (95%-UI)

Reduction in cases of 
obese (95%-UI)

Men 0.47 (0.32; 0.65) 0.68 (0.45; 0.95) 146,500 (99,200; 200,900) 210,800 (138,800; 294,100)
Women 0.21 (0.13; 0.31) 0.25 (0.14; 0.38) 69,300 (43,000; 100,300) 80,800 (45,100; 123,300)
Modifications
Modification 1
Men 0.10 (0.06; 0.15) 0.49 (0.29; 0.73) 31,900 (18,600; 47,700) 151,600 (90,200; 225,300)
Women 0.07 (0.03; 0.12) 0.18 (0.08; 0.29) 22,300 (10,100; 37,200) 57,800 (26,300; 95,500)
Modification 2
Men 0.28 (0.12; 0.45) 0.42 (0.19; 0.69) 85,600 (38,700; 140,000) 131,100 (59,600; 214,500)
Women 0.14 (0.06; 0.23) 0.18 (0.08; 0.30) 45,100 (20,100; 74,800) 57,500 (25,600; 97,100)
Modification 3
Men 0.94 (0.65; 1.28) 1.34 (0.92; 1.82) 292,400 (200,500; 398,800) 416,800 (286,200; 566,800)
Women 0.45 (0.30; 0.63) 0.55 (0.35; 0.79) 145,200 (96,100; 203,200) 177,600 (112,400; 255,900)
Modification 4a
Men 0.31 (0.12; 0.51) 0.29 (-0.12; 0.69) 94,900 (36,500; 158,800) 88,900 (-37,600; 213,900)
Women 0.02 (-0.16; 0.20) -0.10 (-0.44; 0.21) 7,100 (-52,000; 64,900) -32,500 (-142,000; 68,500)
Modification 4b
Men 0.23 (-0.02; 0.48) 0.34 (-0.01; 0.71) 70,600 (-6,400; 150,600) 107,100 (-4,300; 219,600)
Women -0.02 (-0.23; 0.19) -0.02 (-0.28; 0.23) -5,000 (-76,100; 63,000) -6,500 (-92,000; 75,600)
Modification 4c
Men 0.28 (0.18; 0.41) 0.42 (0.26; 0.61) 88,400 (56,900; 128,500) 129,300 (80,000; 190,300)
Women 0.13 (0.08; 0.20) 0.15 (0.08; 0.25) 42,200 (24,700; 64,100) 49,400 (26,300; 80,300)
Scenarios
Scenario 1
Men 0.20 (0.13; 0.29) 0.28 (0.17; 0.42) 63,100 (40,500; 89,300) 87,400 (51,200; 129,500)
Women 0.08 (0.04; 0.13) 0.08 (0.03; 0.15) 26,100 (13,400; 41,200) 26,200 (8,700; 47,200)
Scenario 2
Men 0.75 (0.51; 1.02) 1.07 (0.72; 1.46) 232,200 (159,300; 317,100) 331,900 (225,200; 455,000)
Women 0.35 (0.22; 0.49) 0.42 (0.25; 0.61) 112,600 (72,700; 159,600) 134,900 (81,500; 198,600)
Scenario 3
Men 0.97 (0.71; 1.26) 1.74 (1.29; 2.21) 302,000 (220,700; 391,500) 539,400 (401,700; 686,400)
Women 0.78 (0.58; 1.01) 1.21 (0.9; 1.55) 253,100 (187,200; 327,500) 392,100 (290,700; 503,300)
Abbreviations: SSB, sugar-sweetened beverages; UI, Uncertainty interval. Main analysis: Impact of 20% value-added tax on SSBs estimated with standard price 
elasticity approach (see Sect. 2.3.2.). Modification 1: SSB own-price elasticity adjusted for baseline SSB consumption (see Sect. 2.3.3.1.). Modification 2: SSB own-price 
elasticity from an alternative meta-analysis (see Sect. 2.3.3.1.). Modification 3: Baseline SSB consumption adjusted for underreporting (see Sect. 2.3.3.1.). Modification 
4a: Including the substitution to fruit juice and milk with cross-price elasticities (see Sect. 2.3.3.2.). Modification 4b: Fruit juice cross-price elasticity adjusted for SSB 
consumption (see Sect. 2.3.3.2.). Modification 4c: Estimating substitution based on calories instead of cross-price elasticities (see Sect. 2.3.3.2.). Scenario 1: 10% 
value-added tax on SSBs (see Sect. 2.3.4.). Scenario 2: 30% value-added tax on SSBs (see Sect. 2.3.4.). Scenario 3: 20% value-added tax on SSBs and fruit juice (see 
Sect. 2.3.4.). The pass-through of the tax was set to 82% based on [11] in all analyses, modifications, and scenarios
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Discussion
Summary
In this study, we assessed how structural uncertainty 
related to policy modeling assumptions might affect pro-
jected changes in body weight due to the introduction of 
a hypothetical 20% added-value tax on SSBs in Germany. 
Additionally, we used a cohort simulation model to esti-
mate the resulting heterogeneity in the health and eco-
nomic impact related to the subsequent prevention of 
T2DM.

In the main analysis, we projected that such a tax could 
lead to long-term reductions in population body weight, 
which were highest among the youngest age groups, par-
ticularly men, due to their high SSB consumption. Reduc-
tions in body weight ranged from 0.82  kg in men aged 
20–24 to only 0.03  kg in women above 75. Overall, the 
modeled tax was associated with ~ 220,000 fewer cases of 
overweight and ~ 290,000 fewer cases of obesity. It would 
additionally prevent 2.27 million years lived with T2DM, 
avert 76,700 related DALYs, and save €2.37  billion in 
T2DM healthcare costs over the lifetime of the 2011 Ger-
man population.

However, we showed that the predicted change in body 
weight and all subsequent outcomes, such as changes 
in obesity prevalence and impacts on T2DM, are highly 

variable regarding the modeling assumptions on how the 
SSB tax impacts behavior. We find that the variability in 
the prevented health burden under these assumptions is 
similar to the variability between alternative policy sce-
narios with different tax rates or taxed beverage catego-
ries. In particular, correctly specifying the baseline level 
of SSB consumption; whether assumed reductions in 
consumption are directly proportional to this baseline 
consumption level; and how potential mechanisms of 
caloric substitution are considered can have meaningful 
impacts on predicted changes in body weight and subse-
quently simulated health and economic outcomes.

Comparison with other studies
In recent years, many studies have used simulation mod-
els to assess the health and economic impact of various 
diet policies, including the taxation of SSBs [14]. Some 
aspects of the complex effects of SSB taxation and their 
implications for policy evaluation, such as the relevance 
of substitution and different policy responses depend-
ing on pre-tax SSB consumption, have been analyzed by 
previous studies [20, 21, 60]. However, to our knowledge, 
this is the first study to comprehensively investigate how 
a range of common assumptions researchers make about 
these policies’ behavioral impact influences the findings 
from simulation studies.

Fig. 4  Healthcare costs saved under SSB tax in structural uncertainty analyses as ratio to results of main analysis. Panel A – Results from structural un-
certainty analyses. Panel B – Results from policy scenario analyses. This plot shows the results of scenario and structural uncertainty analyses (colored 
bars = mean estimates; error bars = 95%-uncertainty intervals) in comparison to the mean healthcare costs saved in the main analysis (vertical dot-dashed 
line = mean estimate; vertical dotted lines = 95%-uncertainty interval). Main analysis: Impact of 20% value-added tax on SSBs estimated with standard 
price elasticity approach (see Sect. 2.3.2.). Modification 1: SSB own-price elasticity adjusted for baseline SSB consumption (see Sect. 2.3.3.1.). Modification 
2: SSB own-price elasticity from an alternative meta-analysis (see Sect. 2.3.3.1.). Modification 3: Baseline SSB consumption adjusted for underreporting (see 
Sect. 2.3.3.1.). Modification 4a: Including the substitution to fruit juice and milk with cross-price elasticities (see Sect. 2.3.3.2.). Modification 4b: Fruit juice 
cross-price elasticity adjusted for SSB consumption (see Sect. 2.3.3.2.). Modification 4c: Estimating substitution based on calories instead of cross-price 
elasticities (see Sect. 2.3.3.2.). Scenario 1: 10% value-added tax on SSBs (see Sect. 2.3.4.). Scenario 2: 30% value-added tax on SSBs (see Sect. 2.3.4.). Scenario 
3: 20% value-added tax on SSBs and fruit juice (see Sect. 2.3.4.). The pass-through of the tax was set to 82% based on [11] in all analyses, modifications, 
and scenarios
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In Germany, others have assessed the impact of SSB 
taxation on caries, overweight, and obesity alone or 
linked a hypothetical price increase of so-called “sin 
goods” (i.e., tobacco, red meat, and SSBs) by 50% to 
changes in the German Diabetes Risk Score to predict 
T2DM prevalence in 2040 [38, 61, 62]. These studies have 
also identified benefits of SSB taxation, although results 
are not directly comparable due to differences in model-
ing assumptions and disease pathways. Our results align 
with international modeling studies on SSB taxation, 
although direct quantitative comparisons are compli-
cated by differences in policy scenarios, simulation tech-
niques, populations, and time horizons [12, 48, 63, 64].

Implications of policy modeling assumptions
We add to the literature on the simulation of SSB taxes 
by explicitly identifying, explaining, and assessing pos-
sible analytical decisions related to the implementation 
of the policy mechanism in simulation models (i.e., price 
increase leading to a change in energy intake) in the pres-
ence of uncertainty regarding the “true” impact of the 
policy on consumption. Economic studies using food 
purchasing data from consumer panels show that there 
may be considerable heterogeneity in the response to 
taxes on goods, which are detrimental to health [20, 22, 
65–67]. Here, habit formation, addiction, health literacy, 
and psychological effects such as scarcity might affect 
changes in individual dietary behavior [68–70]. However, 
this complexity poses challenges to policy evaluation and 
is neither completely understood nor reflected in public 
health economic modeling studies of taxes on unhealthy 
foods and beverages [71]. Although we only perform 
simple adjustments to marginal price elasticities based on 
baseline SSB consumption levels (Modification 1), which 
are grounded in theory and findings from economic stud-
ies, we show that assumptions about this aspect of het-
erogeneity can have important implications for projected 
long-term health and economic outcomes and can be of 
a similar magnitude as design aspects of the simulated 
policy, such as the tax rate.

One issue of particular relevance for taxes that target 
specific foods (e.g., SSBs) is the possibility of consumers 
substituting with other untaxed foods within (e.g., fruit 
juice) or outside the respective category (e.g., sweets) 
[72, 73]. We show that the crude application of cross-
price elasticities can lead to unrealistic results in some 
circumstances (Modifications 4a-c). We found that in 
cohorts with a low SSB and high fruit juice consump-
tion (i.e., women in higher age groups), over-substitu-
tion from SSBs to fruit juice and, consequently, weight 
gain occurs due to relative changes in consumption 
[38]. To better predict the impact of taxation policies 
on population health, price elasticities disaggregated by 

sociodemographic characteristics, dietary habits, and 
weight status are required.

Although recent studies have concluded that there is 
no evidence for strong substitution to other beverage 
categories after introducing an SSB tax [11], some sub-
stitution of calories through various other food groups 
is likely to occur [73]. By comparing different assump-
tions regarding substitution in our simulation model, we 
show that failure to account for these effects can, in some 
cases, drastically overestimate, but not entirely elimi-
nate, the potential projected public health benefits of SSB 
taxes. Additionally, we show that potential caloric substi-
tutes of SSBs should be considered in the design of SSB 
taxes to maximize their impact. The correct specification 
of the response to price changes may also have impor-
tant implications for other considerations relevant to the 
decision of policymakers for or against health taxes, such 
as the projected tax revenue.

However, we only analyze caloric substitution without 
accounting for the full complexity of diets and potentially 
relevant substitution patterns across food groups and 
between healthy and unhealthy foods, macronutrients, 
and micronutrients. Considering these aspects in future 
diet policy evaluations, including those of SSB taxes, 
could improve the validity of the respective simulations 
but would necessarily add complexity to the underlying 
epidemiological model and requires the availability of rel-
evant input data [60].

We further show that the influence of limitations in 
dietary intake data from population surveys, typically 
used to simulate dietary policies, can be substantial. 
Because data collection in nutritional epidemiology is 
particularly prone to misreporting biases, modeling that 
relies on such data may also be biased [14]. Particularly in 
the case of sin goods, such as SSBs, underreporting can 
thus lead to an underestimation of the potential impact 
of policies.

General implications for public health modeling
Although we only focus on one aspect of structural 
uncertainty in the simulation-based evaluation of SSB 
taxes, our study has broader implications for simulation 
modeling studies of the impact of public health poli-
cies. Compared to other areas in health modeling (e.g., 
the modeling of diabetes and its complications), poten-
tial structural uncertainties are often not considered or 
assessed in public health (economic) modeling studies 
[74]. However, our example illustrates that these uncer-
tainties may have important impacts on the findings from 
modeling studies. Thus, health modelers should carefully 
analyze the respective decision context and highlight the 
structural mechanisms and assumptions in the simula-
tion to which policy impacts are most sensitive. Because 
quantifying structural uncertainty with, for example, 
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sensitivity analyses may not always be feasible, its poten-
tial implications should be at least reported and dis-
cussed. Our study further shows that it may sometimes 
be possible to approximate relevant complexity with 
additional simple assumptions, gauging its impact with-
out the availability of respective quantitative data (Modi-
fication 1).

Beyond our considerations of structural uncertainty, we 
show that attempts to reduce complexity in the model-
based evaluation of SSB taxes may lead researchers to 
make vastly different assumptions, which, ceteris paribus, 
can consequently lead to different findings. Thus, weigh-
ing whether to consider these or similar complexities in 
other public health policy evaluations is important and, 
if found to be relevant, will lead to better policy recom-
mendations and decisions [75].

Strengths and limitations
Our study has several strengths. This is the first study 
to rigorously assess how different assumptions on the 
behavioral effect of SSB taxation can influence pre-
dicted body weight reductions. We compare common 
policy modeling assumptions with simple modifications 
guided by theoretical considerations and seminal stud-
ies. Further, to assess the implications of the estimated 
long-term health and economic impact of SSB taxation 
on T2DM in Germany, we use an established simulation 
modeling framework, which has been used in various 
scenario modeling studies to evaluate diet policies.

However, this study has several limitations. First, while 
we consider heterogeneity in the policy response due to 
consumption levels, we are not able to account for other 
factors, such as, for example, income, which is associ-
ated with SSB consumption [1]. Second, we needed to 
rely on dietary intake and anthropometric data, which 
was collected between 2005 and 2007, and on T2DM 
epidemiological data for 2011. However, aggregate data 
suggests that the consumption of non-alcoholic bever-
age categories has stayed roughly constant over the last 
decade [32]. Additionally, our main conclusion regarding 
the structural uncertainty arising from policy modeling 
assumptions is not affected by the timeliness or repre-
sentativeness of the data. Third, our nutritional survey 
does not contain product-level data, and we are unable 
to distinguish between ‘regular’ and low-calorie SSBs. 
This limits our ability to analyze different tax designs, 
such as various tax levels based on sugar content, related 
effects of reformulation as observed under the SDIL in 
the UK, and potential substitution effects to low-cal-
orie SSBs [76]. We also do not account for all potential 
cross-price effects between SSBs and other beverages or 
foods, some of which might also be complements. How-
ever, while these aspects are important for analyzing 
the health and economic impacts of SSB taxation most 

accurately, they likely have only minor implications for 
our general conclusions regarding structural uncertainty 
related to policy modeling assumptions. Additionally, 
it remains unclear whether low-calorie SSBs indeed are 
an important substitute for SSBs [11, 21, 68, 77]. Fourth, 
our simulation approach only covers BMI as a risk fac-
tor and T2DM as an outcome, which ignores cancers 
and other cardiometabolic outcomes such as coronary 
heart disease. However, we explicitly do not aim to com-
prehensively simulate the health impact of SSB taxation 
scenarios in Germany; instead, we use this simple model 
to show the variability in simulation results that can be 
expected depending on assumptions about the policy 
mechanism. Fifth, the model assumes full effectiveness 
of the tax already in the first year of implementation and 
constant effectiveness in subsequent years, which likely 
leads to an overestimation of policy impacts. Sixth, we 
do not include quality of life related to BMI or cost cat-
egories beyond healthcare costs in our modeling, thus 
underestimating DALYs and economic effects from lost 
productivity, tax revenue, and administrative and legis-
lative costs arising when introducing a taxation policy. 
Seventh, we do not incorporate uncertainty from several 
sources, such as T2DM epidemiology, all-cause mortality, 
and future trends in BMI. We also do not analyze other 
potentially important sources of structural uncertainty, 
such as the approach used to predict long-term changes 
in body weight. As described above, we purposefully 
restrict our analysis and use a simple model to discuss the 
implications of structural uncertainty related to assump-
tions about the policy mechanism. However, a systematic 
assessment of all possible policy modeling assumptions 
was outside the scope of this study. Finally, the impact of 
structural uncertainty on model outcomes is also likely 
dependent on the overall model structure and method. 
The simple Markov cohort model we used might be more 
sensitive than more complex models.

Conclusions
Our study illustrates that predicted body weight reduc-
tions under SSB taxation are sensitive to assumptions 
made by researchers. Because this variability propagates 
to the simulated health and economic impact, for which 
BMI often is the key risk factor, the resulting structural 
uncertainty should be considered in simulation stud-
ies. As policies to reduce the obesity burden are urgently 
needed despite imperfect information, rigorous simula-
tion studies can provide decision-makers with a range of 
possible outcomes under different policy scenarios. For 
future studies, data collection and the evidence under-
lying the behavioral response to health policies should 
be strengthened to reduce uncertainty concerning the 
long-term benefits of population-based preventive poli-
cies such as SSB taxes. Additionally, researchers should 
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more transparently report and discuss relevant structural 
uncertainty in public health modeling studies. The results 
from this study can also serve as a reference for the struc-
tural uncertainty of SSB taxation impacts in evaluations 
that do not explicitly incorporate the implications of the 
assessed policy modeling assumptions.

Abbreviations
BMI	� Body mass index
DALY	� Disability–adjusted life year
MSLT	� Proportional multi–state life table Markov model
NCDs	� Non–communicable diseases
NVS II	� Nationale Verzehrsstudie II (German National Nutrition Survey II)
pYLD	� Prevalent life years with disability
SSB	� Sugar–sweetened beverages
T2DM	� Type 2 diabetes
WHO	� World Health Organization

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12889-024-19488-5.

Supplementary Material 1

Acknowledgements
The authors acknowledge that the ACE-Obesity Policy model was the basis 
of this analysis and thank Dr. Linda Cobiac for guidance and advice on the 
adaptation of the model to the German context. We thank our student 
research assistant, Xiao Tan, for her support.

Author contributions
AF, KEF, MS, JA, and ML conceptualized and revised the design of the study. AF 
and KEF prepared the data and conducted the analysis. AF, KEF, MS, JA, and ML 
interpreted that data. AF and KEF prepared the initial manuscript draft. MS, JA, 
and ML reviewed, critically revised, edited the manuscript. All authors read and 
approved the final manuscript.

Funding
JA is supported by the National Health and Medical Research Council 
(NHMRC) funded Centre of Research Excellence in Food Retail Environments 
for Health (RE-FRESH) [APP1152968] and a Deakin University Alfred Deakin 
Postdoctoral Fellowship.
Open Access funding enabled and organized by Projekt DEAL.

Data availability
The data underlying this article was collected during the second German 
National Nutrition Study (Nationale Verzehrstudie II, NVS II) by the Max Rubner-
Institute (MRI), Karlsruhe, Germany and was requested by the study authors 
for use in this article. The NVS II data can be requested for scientific purposes 
after application to the MRI under https://www.mri.bund.de/de/institute/
ernaehrungsverhalten/forschungsprojekte/nvsii/scientific-use-file/. The R code 
for input data preparation and the Excel sheet for the main model will be 
shared on reasonable request to the corresponding author.

Declarations

Ethics approval and consent to participate
This study did not require separate ethics approval or consent of participation 
because it used secondary data from the second German National Nutrition 
Study (Nationale Verzehrstudie II, NVS II), which was collected and is provided 
by the Max Rubner-Institute (MRI), Karlsruhe, Germany. We acknowledge 
that ethics approval and consent to participate from all individuals who 
participated in the NVS II were granted to the MRI.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Professorship of Public Health and Prevention, TUM School of Medicine 
and Health, Technical University of Munich, Georg-Brauchle-Ring 60/62, 
80992 München, Germany
2Institute for Medical Information Processing, Biometry, and 
Epidemiology, Pettenkofer School of Public Health LMU Munich, Munich, 
Germany
3Institute of Epidemiology, Research Center for Environmental Health, 
Helmholtz Zentrum München, Neuherberg, Germany
4TUM School of Management, Technical University of Munich, Munich, 
Germany
5Deakin Health Economics, Institute for Health Transformation, School of 
Health and Social Development, Deakin University, Geelong, Australia

Received: 8 September 2023 / Accepted: 15 July 2024

References
1.	 Malik VS, Hu FB. The role of sugar-sweetened beverages in the global 

epidemics of obesity and chronic diseases. Nat Rev Endocrinol. 
2022;18(4):205–18.

2.	 Malik VS, Pan A, Willett WC, Hu FB. Sugar-sweetened beverages and weight 
gain in children and adults: a systematic review and meta-analysis. Am J Clin 
Nutr. 2013;98(4):1084–102.

3.	 Collin LJ, Judd S, Safford M, Vaccarino V, Welsh JA. Association of Sugary 
Beverage Consumption with Mortality Risk in US adults: a secondary analysis 
of Data from the REGARDS Study. JAMA Netw Open. 2019;2(5):e193121–e.

4.	 Li H, Liang H, Yang H, Zhang X, Ding X, Zhang R, et al. Association between 
intake of sweetened beverages with all-cause and cause-specific mortality: a 
systematic review and meta-analysis. J Public Health. 2022;44(3):516–26.

5.	 Zhang YB, Jiang YW, Chen JX, Xia PF, Pan A. Association of Consumption of 
Sugar-Sweetened Beverages or artificially sweetened beverages with mortal-
ity: a systematic review and dose-response Meta-analysis of prospective 
cohort studies. Adv Nutr. 2021;12(2):374–83.

6.	 Chazelas E, Srour B, Desmetz E, Kesse-Guyot E, Julia C, Deschamps V, et al. 
Sugary drink consumption and risk of cancer: results from NutriNet-Sante 
prospective cohort. BMJ. 2019;366:l2408.

7.	 Cawley J, Thow AM, Wen K, Frisvold D. The economics of taxes on Sugar-
Sweetened beverages: a review of the effects on prices, Sales, cross-border 
shopping, and Consumption. Annu Rev Nutr. 2019;39:317–38.

8.	 Organization WH. Taxes on sugary drinks: why do it? DOI: World Health Orga-
nization; 2017.

9.	 Miracolo A, Sophiea M, Mills M, Kanavos P. Sin taxes and their effect on 
consumption, revenue generation and health improvement: a systematic 
literature review in Latin America. Health Policy Plan. 2021;36(5):790–810.

10.	 Huang Y, Pomeranz J, Wilde P, Capewell S, Gaziano T, O’Flaherty M, et al. 
Adoption and design of emerging Dietary policies to improve Cardiometa-
bolic Health in the US. Curr Atheroscler Rep. 2018;20(5):25.

11.	 Andreyeva T, Marple K, Marinello S, Moore TE, Powell LM. Outcomes following 
Taxation of Sugar-Sweetened beverages: a systematic review and Meta-
analysis. JAMA Netw Open. 2022;5(6):e2215276.

12.	 Lee Y, Mozaffarian D, Sy S, Liu J, Wilde PE, Marklund M, et al. Health Impact 
and cost-effectiveness of volume, Tiered, and Absolute Sugar Content Sug-
arSweetened Beverage Tax policies in the United States: a Microsimulation 
Study. Circulation. 2020;142(6):523–34.

13.	 UNC Carolina Population Center GFRP. Sugary drink taxes around the 
world 2022 [https://www.globalfoodresearchprogram.org/wp-content/
uploads/2022/05/Sugary_Drink_Tax_maps_upload.pdf.

14.	 Emmert-Fees KMF, Karl FM, von Philipsborn P, Rehfuess EA, Laxy M. Simulation 
modeling for the economic evaluation of Population-based dietary policies: a 
systematic scoping review. Adv Nutr. 2021;12(5):1957–95.

15.	 Long MW, Polacsek M, Bruno P, Giles CM, Ward ZJ, Cradock AL, Gortmaker SL. 
Cost-effectiveness analysis and stakeholder evaluation of 2 Obesity Preven-
tion Policies in Maine, US. J Nutr Educ Behav. 2019;51(10):1177–87.

16.	 Wilde P, Huang Y, Sy S, Abrahams-Gessel S, Jardim TV, Paarlberg R, et al. 
Cost-effectiveness of a US National Sugar-Sweetened Beverage Tax with a 

https://doi.org/10.1186/s12889-024-19488-5
https://doi.org/10.1186/s12889-024-19488-5
https://www.mri.bund.de/de/institute/ernaehrungsverhalten/forschungsprojekte/nvsii/scientific-use-file/
https://www.mri.bund.de/de/institute/ernaehrungsverhalten/forschungsprojekte/nvsii/scientific-use-file/
https://www.globalfoodresearchprogram.org/wp-content/uploads/2022/05/Sugary_Drink_Tax_maps_upload.pdf
https://www.globalfoodresearchprogram.org/wp-content/uploads/2022/05/Sugary_Drink_Tax_maps_upload.pdf


Page 14 of 15Emmert-Fees et al. BMC Public Health         (2024) 24:2013 

Multistakeholder Approach: who pays and who benefits. Am J Public Health. 
2019;109(2):276–84.

17.	 Briggs AH, Weinstein MC, Fenwick EA, Karnon J, Sculpher MJ, Paltiel AD, Force 
I-SMGRPT. Model parameter estimation and uncertainty analysis: a report 
of the ISPOR-SMDM modeling Good Research practices Task Force Working 
Group-6. Med Decis Mak. 2012;32(5):722–32.

18.	 de Ruyter JC, Olthof MR, Seidell JC, Katan MB. A trial of sugar-free or 
sugar-sweetened beverages and body weight in children. N Engl J Med. 
2012;367(15):1397–406.

19.	 Nghiem N, Wilson N, Genc M, Blakely T. Understanding price elasticities to 
inform public health research and intervention studies: key issues. Am J 
Public Health. 2013;103(11):1954–61.

20.	 Etile F, Sharma A. Do high consumers of Sugar-Sweetened beverages 
Respond differently to price changes? A Finite mixture IV-Tobit Approach. 
Health Econ. 2015;24(9):1147–63.

21.	 Dubois P, Griffith R, O’Connell M. How well targeted are Soda taxes? Am Econ 
Rev. 2020;110(11):3661–704.

22.	 Tiffin R, Kehlbacher A, Salois M. The effects of a soft drink tax in the UK. Health 
Econ. 2015;24(5):583–600.

23.	 Cook A, Pryer J, Shetty P. The problem of accuracy in dietary surveys. Analysis 
of the over 65 UK National Diet and Nutrition Survey. J Epidemiol Commun 
Health. 2000;54(8):611–6.

24.	 Krebs-Smith SM, Graubard BI, Kahle LL, Subar AF, Cleveland LE, Ballard-
Barbash R. Low energy reporters vs others: a comparison of reported food 
intakes. Eur J Clin Nutr. 2000;54(4):281–7.

25.	 Tsoi B, Goeree R, Jegathisawaran J, Tarride J-E, Blackhouse G, O’Reilly D. Do 
different decision-analytic modeling approaches produce different results? 
A systematic review of cross-validation studies. Expert Rev Pharmacoecon 
Outcomes Res. 2015;15(3):451–63.

26.	 Hendriksen MAH, Geleijnse JM, van Raaij JMA, Cappuccio FP, Cobiac LC, 
Scarborough P, et al. Identification of differences in health impact modelling 
of salt reduction. PLoS ONE. 2017;12(11):e0186760.

27.	 Ananthapavan J, Sacks G, Brown V, Moodie M, Nguyen P, Veerman L, et al. 
Priority-setting for obesity prevention-the assessing cost-effectiveness of 
obesity prevention policies in Australia (ACE-Obesity policy) study. PLoS ONE. 
2020;15(6):e0234804.

28.	 Thow AM, Downs SM, Mayes C, Trevena H, Waqanivalu T, Cawley J. Fiscal 
policy to improve diets and prevent noncommunicable diseases: from 
recommendations to action. Bull World Health Organ. 2018;96(3):201–10.

29.	 WHO manual on sugar-sweetened beverage taxation policies to pro-
mote healthy diets. 2022. [accessed 2022]. https://www.who.int/
publications-detail-redirect/9789240056299.

30.	 Heuer T, Krems C, Moon K, Brombach C, Hoffmann I. Food consumption of 
adults in Germany: results of the German National Nutrition Survey II based 
on diet history interviews. Br J Nutr. 2015;113(10):1603–14.

31.	 Krems C, Walter C, Heuer T, Hoffmann I. Nationale Verzehrsstudie II—Lebens-
mittelverzehr und Naehrstoffzufuhr auf Basis von 24 h-Recalls. Max Rubner-
Institut; 2013.

32.	 Wirtschaftsvereinigung Alkoholfreie Getränke. Pro-Kopf-Konsum 
von Erfrischungsgetränken in Deutschland nach Getränkeart in den 
Jahren 2012 bis 2021. 2022. [accessed 20 June 2022]. https://de-
statista-com.eaccess.ub.tum.de/statistik/daten/studie/6200/umfrage/
pro-kopf-verbrauch-von-erfrischungsgetraenken/.

33.	 Predicting the potential. health and economic impact of a sugary drink tax in 
Canada: a modelling study. 2018.

34.	 Rubner-Institut M. Ernährungsphysiologische Bewertung von Milch und 
Milchprodukten und ihren Inhaltsstoffen. 2014. DOI.

35.	 Watson P, Tittsler R. The density of milk at low temperatures. J Dairy Sci. 
1961;44(3):416–24.

36.	 Cabrera Escobar MA, Veerman JL, Tollman SM, Bertram MY, Hofman KJ. 
Evidence that a tax on sugar sweetened beverages reduces the obesity rate: 
a meta-analysis. BMC Public Health. 2013;13(1):1072.

37.	 Afshin A, Peñalvo JL, Del Gobbo L, Silva J, Michaelson M, O’Flaherty M, et al. 
The prospective impact of food pricing on improving dietary consumption: a 
systematic review and meta-analysis. PLoS ONE. 2017;12(3):e0172277.

38.	 Schwendicke F, Stolpe M. Taxing sugar-sweetened beverages: impact on 
overweight and obesity in Germany. BMC Public Health. 2017;17(1):88.

39.	 Mekonnen TA, Odden MC, Coxson PG, Guzman D, Lightwood J, Wang YC, 
Bibbins-Domingo K. Health benefits of reducing sugar-sweetened beverage 
intake in high risk populations of California: results from the cardiovascular 
disease (CVD) policy model. PLoS ONE. 2013;8(12):e81723.

40.	 Stookey JD, Constant F, Gardner CD, Popkin BM. Replacing sweetened caloric 
beverages with drinking water is associated with lower energy intake. Obes 
(Silver Spring). 2007;15(12):3013–22.

41.	 Imamura F, O’Connor L, Ye Z, Mursu J, Hayashino Y, Bhupathiraju SN, Forouhi 
NG. Consumption of sugar sweetened beverages, artificially sweetened 
beverages, and fruit juice and incidence of type 2 diabetes: systematic 
review, meta-analysis, and estimation of population attributable fraction. 
BMJ. 2015;351:h3576.

42.	 Swinburn BA, Sacks G, Lo SK, Westerterp KR, Rush EC, Rosenbaum M, et al. 
Estimating the changes in energy flux that characterize the rise in obesity 
prevalence. Am J Clin Nutr. 2009;89(6):1723–8.

43.	 R Foundation for Statistical Computing. Vienna, Austria. R: a Language and 
Environment for Statistical Computing. p. R Core Team; 2021.

44.	 Barendregt JJ, Veerman JL. Categorical versus continuous risk factors and the 
calculation of potential impact fractions. J Epidemiol Community Health. 
2010;64(3):209–12.

45.	 Cobiac LJ, Vos T, Veerman JL. Cost-effectiveness of interventions to promote 
fruit and vegetable consumption. PLoS ONE. 2010;5(11):e14148.

46.	 Forster M, Veerman JL, Barendregt JJ, Vos T. Cost-effectiveness of diet and 
exercise interventions to reduce overweight and obesity. Int J Obes (Lond). 
2011;35(8):1071–8.

47.	 Cleghorn C, Blakely T, Nghiem N, Mizdrak A, Wilson N. Technical Report for 
BODE3 Diet Intervention and Multistate Lifetable Models. Wellington: Depart-
ment of Public Health, University of Otago, Wellington. 2017.

48.	 Cobiac LJ, Tam K, Veerman L, Blakely T. Taxes and Subsidies for Improving 
Diet and Population Health in Australia: a cost-effectiveness modelling study. 
PLoS Med. 2017;14(2):e1002232.

49.	 Veerman JL, Sacks G, Antonopoulos N, Martin J. The impact of a tax on Sugar-
Sweetened beverages on Health and Health Care costs: a modelling study. 
PLoS ONE. 2016;11(4):e0151460.

50.	 EpiGearXL. 2016.
51.	 Ersatz. 2016.
52.	 Schmidt C, Reitzle L, Dress J, Rommel A, Ziese T, Heidemann C. Prevalence 

and incidence of documented diabetes based on health claims data-refer-
ence analysis for diabetes surveillance in Germany. Bundesgesundheitsblatt 
Gesundheitsforschung Gesundheitsschutz. 2020;63(1):93–102.

53.	 Barendregt JJ, Van Oortmarssen GJ, Vos T, Murray CJ. A generic model for the 
assessment of disease epidemiology: the computational basis of DisMod II. 
Popul Health Metr. 2003;1(1):4.

54.	 Mozaffarian D, Liu J, Sy S, Huang Y, Rehm C, Lee Y, et al. Cost-effectiveness 
of financial incentives and disincentives for improving food purchases and 
health through the US Supplemental Nutrition Assistance Program (SNAP): a 
microsimulation study. PLoS Med. 2018;15(10):e1002661.

55.	 Vos T, Lim SS, Abbafati C, Abbas KM, Abbasi M, Abbasifard M, et al. Global bur-
den of 369 diseases and injuries in 204 countries and territories, 1990–2019: 
a systematic analysis for the global burden of Disease Study 2019. Lancet. 
2020;396(10258):1204–22.

56.	 GBD Results [Internet]. IHME, University of Washington., 2022. https://vizhub.
healthdata.org/gbd-results/.

57.	 Human Mortality Database [Internet]. Max Planck Institute for Demographic 
Research (Germany), University of California, Berkeley (USA), and French 
Institute for Demographic Studies (France). 2022. www.mortality.org.

58.	 Kahm K, Stark R, Laxy M, Schneider U, Leidl R. Assessment of excess medical 
costs for persons with type 2 diabetes according to age groups: an analysis of 
German health insurance claims data. Diabet Med. 2020;37(10):1752–8.

59.	 Kuhlmann A, Treskova M, Braun S, Graf von der Schulenburg JM. The role 
of decision-analytic modelling in German health technology assessments. 
Health Econ Rev. 2015;5:7.

60.	 Cornelsen L, Green R, Turner R, Dangour AD, Shankar B, Mazzocchi M, Smith 
RD. What happens to Patterns of Food Consumption when Food prices 
change? Evidence from a systematic review and Meta-analysis of Food Price 
elasticities globally. Health Econ. 2015;24(12):1548–59.

61.	 Tonnies T, Heidemann C, Paprott R, Seidel-Jacobs E, Scheidt-Nave C, Brinks R, 
Hoyer A. Estimating the impact of tax policy interventions on the projected 
number and prevalence of adults with type 2 diabetes in Germany between 
2020 and 2040. BMJ Open Diabetes Res Care. 2021;9(1).

62.	 Schwendicke F, Thomson WM, Broadbent JM, Stolpe M. Effects of taxing 
Sugar-Sweetened beverages on Caries and Treatment costs. J Dent Res. 
2016;95(12):1327–32.

63.	 Manyema M, Veerman JL, Chola L, Tugendhaft A, Labadarios D, Hofman K. 
Decreasing the Burden of type 2 diabetes in South Africa: the impact of tax-
ing Sugar-Sweetened beverages. PLoS ONE. 2015;10(11):e0143050.

https://www.who.int/publications-detail-redirect/9789240056299
https://www.who.int/publications-detail-redirect/9789240056299
https://de-statista-com.eaccess.ub.tum.de/statistik/daten/studie/6200/umfrage/pro-kopf-verbrauch-von-erfrischungsgetraenken/
https://de-statista-com.eaccess.ub.tum.de/statistik/daten/studie/6200/umfrage/pro-kopf-verbrauch-von-erfrischungsgetraenken/
https://de-statista-com.eaccess.ub.tum.de/statistik/daten/studie/6200/umfrage/pro-kopf-verbrauch-von-erfrischungsgetraenken/
https://vizhub.healthdata.org/gbd-results/
https://vizhub.healthdata.org/gbd-results/
http://www.mortality.org


Page 15 of 15Emmert-Fees et al. BMC Public Health         (2024) 24:2013 

64.	 Basu S, Seligman H, Bhattacharya J. Nutritional policy changes in the supple-
mental nutrition assistance program: a microsimulation and cost-effective-
ness analysis. Med Decis Mak. 2013;33(7):937–48.

65.	 Valizadeh P, Ng SW. Would a National Sugar-Sweetened Beverage Tax in the 
United States be well targeted? Am J Agric Econ. 2021;103(3):961–86.

66.	 Nesson E. Heterogeneity in smokers’ responses to Tobacco Control policies. 
Health Econ. 2017;26(2):206–25.

67.	 Valizadeh P, Ng SW. Would a National Sugar-Sweetened Beverage Tax in the 
United States be well targeted? Am J Agric Econ. 2021.

68.	 Zhen C, Wohlgenant MK, Karns S, Kaufman P. Habit formation and demand 
for Sugar-Sweetened beverages. Am J Agric Econ. 2011;93(1):175–93.

69.	 Zoellner JM, Hedrick VE, You W, Chen Y, Davy BM, Porter KJ, et al. Effects of 
a behavioral and health literacy intervention to reduce sugar-sweetened bev-
erages: a randomized-controlled trial. Int J Behav Nutr Phys Act. 2016;13:38.

70.	 Venn D, Strazdins L. Your money or your time? How both types of scarcity 
matter to physical activity and healthy eating. Soc Sci Med. 2017;172:98–106.

71.	 Emmert-Fees K, Capacci S, Sassi F, Mazzocchi M, Laxy M. Estimating the 
impact of nutrition and physical activity policies with quasi-experimental 
methods and simulation modelling: an integrative review of methods, chal-
lenges and synergies. Eur J Public Health. 2022;32:iv84–91.

72.	 Miao Z, Beghin JC, Jensen HH, ACCOUNTING FOR PRODUCT, SUBSTITU-
TION IN THE ANALYSIS OF FOOD TAXES TARGETING OBESITY. Health Econ. 
2013;22(11):1318–43.

73.	 Oddo VM, Leider J, Powell LM. The impact of Seattle’s Sugar-Sweetened 
Beverage Tax on Substitution to sweets and salty snacks. J Nutr. 
2021;151(10):3232–9.

74.	 Tew M, Willis M, Asseburg C, Bennett H, Brennan A, Feenstra T, et al. Exploring 
structural uncertainty and Impact of Health State Utility Values on lifetime 
outcomes in Diabetes Economic Simulation models: findings from the 
Ninth Mount Hood Diabetes Quality-of-life challenge. Med Decis Making. 
2022;42(5):599–611.

75.	 Breeze PR, Squires H, Ennis K, Meier P, Hayes K, Lomax N, et al. Guidance on 
the use of complex systems models for economic evaluations of public 
health interventions. Health Econ. 2023;32(7):1603–25.

76.	 von Philipsborn P, Huizinga O, Leibinger A, Rubin D, Burns J, Emmert-Fees K et 
al. Interim Evaluation of Germany’s Sugar Reduction Strategy for Soft Drinks: 
Commitments versus Actual Trends in Sugar Content and Sugar Sales from 
Soft Drinks. Ann Nutr Metab. 2023.

77.	 Sharma A, Hauck K, Hollingsworth B, Siciliani L. The effects of taxing 
sugar-sweetened beverages across different income groups. Health Econ. 
2014;23(9):1159–84.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	﻿The implications of policy modeling assumptions for the projected impact of sugar-sweetened beverage taxation on body weight and type 2 diabetes in Germany
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Study overview
	﻿Main taxation scenario
	﻿Impact of SSB taxation on SSB consumption
	﻿Baseline beverage consumption
	﻿Standard price elasticity approach
	﻿﻿Modifications﻿ of policy modeling assumptions
	﻿﻿Modifications 1–3﻿: assumptions affecting the change in SSB consumption
	﻿Modifications 4a-c: assumptions about substitution between beverage categories



	﻿Policy scenario analyses
	﻿Long-term change in body weight after the tax
	﻿Long-term health economic impact
	﻿Impact on type 2 diabetes Mellitus
	﻿Disability-adjusted life years and healthcare costs

	﻿Results
	﻿Main analysis
	﻿Impact of policy modeling assumptions
	﻿Assumptions affecting the change in SSB consumption
	﻿Assumptions about substitution between beverage categories




