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Abstract 

Background: The prevention of noncommunicable diseases (NCDs) remains a major challenge to public 

health. Since unhealthy diets, tobacco use, the harmful use of alcohol as well as low physical activity 

are the key drivers of NCDs, a range of public health interventions exist to target these lifestyle related 

risk factors. However, the effectiveness of these interventions depends on underlying population-

specific characteristics such as the age structure, the existing risk-factor exposure, as well as the 

incidence-prevalence-mortality profile of the respective chronic diseases. In order to identify the best 

course of action among competing interventions before implementing them, prospective health 

impact assessments (HIAs) can be applied to quantify and compare the potential future effect of an 

intervention on population health. Therefore, the overall aim of this dissertation was to assess the 

impact public health interventions targeting lifestyle risk factors have on NCDs at the population-level 

in the long run, in order to contribute to evidence-based public health decision-making. 

Methods: In the context of this dissertation, four HIAs of policies were conducted, which seem to be 

especially promising namely (i) a tax on processed meat in Germany, (ii) a tax on saturated fat in 

European countries, (iii) the removal of the value-added tax (VAT) and a subsidy on fruits and 

vegetables in Germany, and (iv) a rolling out of a digital intervention promoting physical activity among 

older adults at the national level in Germany while accounting for differential effectiveness across 

education groups. The simulations were conducted with the software tool DYNAMO-HIA, which 

dynamically projects deaths, ischemic heart disease (IHD), stroke, diabetes and/or colorectal cancer 

cases under the different policies over a projection period of 10 years.  

Results: Cumulated over the 10-year projection period, a tax on processed meat would lead to 9,300 

less male deaths and 4,500 less female deaths under the lowest tax of 4%, up to 76,700 less male 

deaths and 37,100 less female deaths under the highest tax of 33.3%. A tax on saturated fat would 

reduce the prevalent IHD cases in projection year 10 by a minimum of 500 among males and 300 

among females in Denmark, up to a maximum of 5,600 and 4,000 among males and females in the UK. 

The removal of the VAT on fruits and vegetables would prevent an estimated 13,960 deaths, cumulated 

over the 10-year projection period, while a 20 % subsidy on fruits and vegetables would avert 54,880 

deaths. Under the physical activity intervention, approximately 3,589–5,829 incident IHD, stroke and 

diabetes cases could be avoided among males aged ≥55 years over a 10-year projection period, as well 

as 4,381–7,163 disease cases among females aged ≥55 years. Strikingly, the highest reduction for males 

would be achieved under the intervention that is most effective for those with a high education, 

whereas for females, the highest reduction would be achieved under the intervention that is most 

effective amongst those with a low level of education. 
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Conclusions: Findings of the four quantitative HIAs conducted in the context of this dissertation 

suggest that a tax on processed meat, a tax on saturated fat, a removal of the VAT and a subsidy on 

fruits and vegetables as well as a digital physical activity intervention can with a varying degree 

contribute to the reduction of NCDs in Germany and at the European level. Especially a tax on 

processed meat, perhaps with a simultaneous subsidy on fruits and vegetables, may be a promising 

approach, as both provide comparatively large health benefits and are likely to reduce inequalities as 

they do not rely on individual’s agency and commitment. At the same time, we identified a range of 

barriers in the process of conducting the HIAs and therefore formulate the following research 

recommendations: a) improve data availability, b) assess inequalities between population groups 

when conducting HIAs, and c) conduct HIAs on more complex interventions and risk factors.  
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Zusammenfassung 

Hintergrund: Die Prävention von nichtübertragbaren Krankheiten bleibt eine große Herausforderung 

im Bereich Public Health. Da insbesondere ungesunde Ernährung, Tabakkonsum, schädlicher 

Alkoholkonsum und körperliche Inaktivität Hauptursachen für den Anstieg von nichtübertragbaren 

Krankheiten sind, gibt es eine Reihe von Public Health Maßnahmen, die auf diese lebensstilbedingten 

Risikofaktoren abzielen. Die Wirksamkeit einer bestimmten Maßnahme hängt jedoch von den 

zugrunde liegenden bevölkerungsspezifischen Merkmalen ab, wie der vorhandenen 

Risikofaktorexposition, der Inzidenz, Prävalenz und Mortalität der jeweiligen chronischen Krankheit 

sowie der Altersstruktur der Bevölkerung. Um noch vor der Implementierung die beste Option aus 

einer Reihe von konkurrierenden Interventionen zu ermitteln, können prospektive 

Gesundheitsfolgenabschätzungen angewendet werden, um die potenziellen zukünftigen 

Auswirkungen einer Intervention auf die Gesundheit der Bevölkerung zu quantifizieren und zu 

vergleichen. Das übergeordnete Ziel dieser Dissertation war es deswegen zu modellieren, welche 

Auswirkungen verschiedene Public Health Interventionen, die auf die Reduzierung von 

lebensstilbedingten Risikofaktoren abzielen, langfristig auf nichtübertragbare Krankheiten auf 

Bevölkerungsebene haben, um die evidenzbasierte Entscheidungsfindung im Bereich Public Health zu 

stärken. 

Methoden: Im Rahmen dieser Dissertation wurden vier quantitative Gesundheitsfolgenabschätzungen 

von Maßnahmen durchgeführt, die als besonders vielversprechend erscheinen, nämlich (i) eine Steuer 

auf verarbeitetes Fleisch in Deutschland, (ii) eine Steuer auf gesättigte Fettsäuren in Europäischen 

Ländern, (iii) die Abschaffung der Mehrwertsteuer bzw. die Subvention von Obst und Gemüse in 

Deutschland sowie (iv) die Ausweitung einer digitalen Intervention zur Förderung von körperlicher 

Aktivität bei älteren Erwachsenen auf nationaler Ebene in Deutschland, unter Berücksichtigung der 

unterschiedlichen Wirksamkeit zwischen den Bildungsgruppen. Die Simulationen wurden mit dem 

Software-Tool DYNAMO-HIA durchgeführt, mit dem Todesfälle sowie Fälle von ischämischer 

Herzerkrankung (IHD), Schlaganfall, Diabetes und / oder Darmkrebs für die verschiedenen 

Maßnahmen über einen Zeitraum von 10 Jahren projiziert wurden. 

Ergebnisse: Über den Projektionszeitraum von 10 Jahren würde eine Steuer auf verarbeitetes Fleisch 

in Höhe von 4% zu 9.300 weniger Todesfällen bei Männern und 4.500 weniger Todesfällen bei Frauen 

führen, eine Steuer in Höhe von 33,3% zu 76.700 weniger Todesfällen bei Männern und 37.100 

Todesfällen bei Frauen. Unter einer Steuer auf gesättigte Fettsäuren würde die Reduzierung der im 

Projektionsjahr 10 anzunehmenden IHD Fälle von 500 bei Männern bzw. 300 bei Frauen in Dänemark 

bis zu 5.600 bzw. 4.000 bei Männern und Frauen in Großbritannien reichen. Die Abschaffung der 
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Mehrwertsteuer auf Obst und Gemüse würde über den 10-jährigen Projektionszeitraum 13.960 

Todesfälle verhindern, während eine Subvention von 20% für Obst und Gemüse 54.880 Todesfälle 

verhindern würde. Die digitale Intervention zur Förderung körperlicher Aktivität könnte über einen 

Projektionszeitraum von 10 Jahren etwa 3.589 bis 5.829 Fälle von IHD, Schlaganfall und Diabetes bei 

≥55-jährigen Männern vermindern, bei ≥55-jährigen Frauen 4.381 bis 7.163 Krankheitsfälle. Bei 

Männern würde die Intervention, die für Personen mit hoher Bildung am effektivsten ist, den größten 

Gesundheitseffekt erzielen, während bei Frauen die Intervention, die bei Personen mit niedriger 

Bildung am effektivsten ist, den größten Gesundheitseffekt erzielen würde. 

Schlussfolgerungen: Die Ergebnisse der vier Gesundheitsfolgenabschätzungen, die im Rahmen dieser 

Dissertation durchgeführt wurden, legen nahe, dass eine Steuer auf verarbeitetes Fleisch, eine Steuer 

auf gesättigte Fettsäuren, die Abschaffung der Mehrwertsteuer bzw. eine Subvention von Obst und 

Gemüse sowie eine digitale Intervention zur Förderung körperlicher Aktivität mit unterschiedlichem 

Grad zur Reduzierung von nichtübertragbaren Krankheiten in Deutschland und auf europäischer Ebene 

beitragen können. Insbesondere eine Steuer auf verarbeitetes Fleisch und eine gleichzeitige 

Subventionierung von Obst und Gemüse scheinen ein vielversprechender Ansatz zu sein, da sie 

vergleichsweise große positive Gesundheitseffekte bieten. Da Lebensmittelsteuern und -subventionen 

unabhängig von individueller Motivation und Selbstverpflichtung sind, bieten sie außerdem das 

Potenzial, gesundheitliche Ungleichheiten zu verringern. Gleichzeitig konnten bei der Erstellung der 

vier Gesundheitsfolgenabschätzungen eine Reihe von Hindernissen identifiziert und entsprechende 

Forschungsempfehlungen in den folgenden Handlungsfeldern formuliert werden: a) Verbesserung der 

Datenverfügbarkeit, b) Berücksichtigung von Ungleichheiten bei der Erstellung von 

Gesundheitsfolgenabschätzungen, und c) Durchführung von Gesundheitsfolgenabschätzungen für 

komplexere Interventionen und Risikofaktoren. 
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1.1 The burden of disease from the main types of noncommunicable diseases 

Cardiovascular diseases (CVDs) are the leading cause of deaths in the European Union. According to 

the Global Burden of Disease (GBD) Study 2017, they accounted for 1.9 million deaths, corresponding 

to 36.4% of all deaths. Half of these (963,800) were due to ischemic heart disease (IHD) and a quarter 

(476,900) to stroke. The second leading cause was cancer with 1.4 million deaths, corresponding to 

27.6% of all deaths. Among these, 298,000 were due to lung cancer, 181,000 to colorectal cancer and 

103,700 to breast cancer. This was followed by respiratory diseases with 260,800 deaths, 

corresponding to 5.0% of all deaths, mainly from chronic obstructive pulmonary disease. Diabetes 

accounted for another 95,700 deaths, corresponding to 1.8% of all deaths, with 78,900 deaths from 

diabetes mellitus type II (GBD Collaborative Network, 2018a) (see Figure 1). 

Figure 1: Deaths by cause in the European Union, 2017 

 

Own work based on GBD Collaborative Network (2018a); IHD= Ischemic heart disease; CVD= Cardiovascular disease  
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Differences exist across countries and gender: In the European Union as a whole, CVDs account for 

34.3% of deaths among men, ranging from 25.1% in France to 57.8% in Bulgaria. Among women they 

account for 38.5%, ranging from 26.8% in Denmark to 64.5% in Bulgaria (GBD Collaborative Network, 

2018b) (see Figure 2). 

Figure 2: Cardiovascular disease deaths in the European Union, 2017 

 

Own work based on GBD Collaborative Network (2018b) 

Similarly, cancer accounts for 31.2% of deaths in men in the European Union, ranging from 19.4% in 

Bulgaria to 37.7% in the Netherlands. In women, it accounts for 24.0%, ranging from 15.2% in Bulgaria 

to 30.7% in the Netherlands (GBD Collaborative Network, 2018b) (see Figure 3). 
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Figure 3: Cancer deaths in the European Union, 2017 

 

Own work based on GBD Collaborative Network (2018b) 

Differences however not only exist between countries, but also within countries by socioeconomic 

characteristics such as education, occupation or income. For instance, there is an educational gradient 

in health, where a range of noncommunicable diseases (NCDs) have a higher prevalence among the 

medium and low educated group in comparison to the high educated group. These inequalities can be 

observed everywhere across Europe, but their extent differs. For instance, educational inequalities in 

heart disease were found to be larger in northern European countries in comparison to southern 

European countries (Dalstra et al., 2005; McNamara et al., 2017). Furthermore, pooled analyses 

suggest a greater number of educational health inequalities (McNamara et al., 2017) as well as larger 

educational health inequalities among women than among men (Dalstra et al., 2005). 
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1.2 Risk factors for the main types of noncommunicable diseases 

Unhealthy diet, tobacco use, the harmful use of alcohol and lack of physical activity are four key risk 

factors, which impact NCDs directly or through conditions such as raised blood pressure, raised blood 

glucose, raised cholesterol as well as overweight and obesity (Peters et al., 2019). According to the 

GBD Study 2017 (GBD Collaborative Network, 2018c), these four key risk factors largely contributed to 

the number of deaths from CVD, cancer, respiratory disease and diabetes in the European Union 

described in chapter 1.1 (see Figure 4). 

Figure 4: Number of deaths in the European Union attributable to dietary risks, smoking, alcohol and low physical activity, 
2017 

 

Own work based on GBD Collaborative Network (2018c); CVD= Cardiovascular disease, T2DM= Diabetes mellitus type II 

For instance, dietary risk factors played a role in approximately 817,300 (43.2%) of the 1.9 million 

mentioned CVD deaths, 101,500 (7.1%) of the 1.4 million cancer deaths, and 23,900 (30.3%) of the 

78,900 diabetes mellitus type II deaths. In descending relevance, dietary risk factors consist of diets 

low in whole grains, high in sodium, low in nuts and seeds, low in fruits, low in seafood omega-3, low 

in vegetables, low in fibre, low in legumes, low in polyunsaturated fat, low in calcium, high in processed 

meat, high in sugar-sweetened beverages, low in milk, high in trans-fat, and high in red meat. At the 

same time, smoking was associated with 222,900 (11.8%) CVD deaths, 388,300 (27.1%) cancer deaths 

and 103,500 (39.7%) of the 260,800 mentioned chronic respiratory disease deaths. Alcohol (more than 

0–10 g of pure alcohol per day) contributed to 48,700 (2.6%) CVD deaths and 124,500 (8.7%) cancer 

deaths. Low physical activity (less than 3,000–4,500 metabolic equivalent of task (MET) minutes per 
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week) was related to 140,700 (7.4%) CVD deaths and 3,100 (3.9%) diabetes mellitus type II deaths 

(GBD Collaborative Network, 2018c). 

As unhealthy diet, tobacco use, harmful use of alcohol and lack of physical activity are major 

determinants of NCDs, unfavourable levels in these risk factors can, to some extent, explain the health 

differences between countries, between men and women, as well as between educational groups that 

were described in chapter 1.1.  

For instance, the proportion of persons performing less than the recommended 150 minutes of 

physical activity per week ranges from 45.4% in Denmark to 91.4% in Romania (European Union and 

Eurostat, 2014a). Similarly, the proportion of daily smokers ranges from 9.8% in Sweden to 28.2% in 

Bulgaria (European Union and Eurostat, 2014b) (see Figure 5).  

Figure 5: Prevalence of physical inactivity and smoking in the European Union, 2014 

 

Own work based on European Union and Eurostat (2014a) and European Union and Eurostat (2014b) 
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In line with this, Mackenbach et al. (2013) hypothesize that favourable mortality trends in Western 

Europe are not only due to economic growth and better health care, but also due to successful health 

policies (for example on tobacco control), while less favourable mortality trends in eastern Europe 

reflect a failure to implement effective health policies in many areas. 

At the same time, the prevalence of risk factors differs between men and women (see Figure 6). In 

2014, 64.2% of men and 73.8% of women in the European Union were less than 150 minutes physically 

active per week (European Union and Eurostat, 2014a). Further, 23.1% of men and 15.5% of women 

smoked on a daily basis (European Union and Eurostat, 2014b), 88.9% of men and 82.8% of women 

did not consume at least five portions of fruits and vegetables a day (European Union and Eurostat, 

2014c) and 13.9% of men and 4.9% of women consumed alcohol every day (European Union and 

Eurostat, 2014d). Thus, differences in risk factor behaviour regarding smoking, physical activity, diet 

and alcohol consumption, which are shaped by gender norms and roles, may, in addition to biological 

aspects, explain health differences between men and women (WHO, 2019). 

Figure 6: Prevalence of unfavourable fruit and vegetable intake, smoking behaviour, alcohol consumption and physical 
inactivity among men and women in the European Union, 2014 

 

Own work based on European Union and Eurostat (2014a), European Union and Eurostat (2014b), European Union and 
Eurostat (2014c) and European Union and Eurostat (2014d) 

Likewise, the prevalence of risk factors differs between education groups in the European Union (see 

Figure 7). For fruit and vegetable intake as well as physical activity, there is a gradient where the 

proportion of unfavourable behaviour decreases with education (European Union and Eurostat, 2014a; 

European Union and Eurostat, 2014c). In addition to that, a higher percentage of the low educated 
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smoke and drink on a daily basis compared to the high educated (European Union and Eurostat, 2014b; 

European Union and Eurostat, 2014d).  

Figure 7: Prevalence of unfavourable fruit and vegetable intake, smoking behaviour, alcohol consumption and physical 
inactivity among education groups in the European Union, 2014 

 

Own work based on European Union and Eurostat (2014a), European Union and Eurostat (2014b), European Union and 
Eurostat (2014c) and European Union and Eurostat (2014d) 

Education is relevant in this context, because it is a widely recognised indicator of socioeconomic 

position (Galobardes et al., 2006a). Besides material resources, education provides psychological 

resources for a healthy lifestyle (Mirowsky and Ross, 2003). Education is associated with knowledge 

and cognitive skills, which may lead to less risk behaviours and healthier decisions over the life course 

(Galobardes et al., 2006b; Glymour et al., 2014; Shaw et al., 2007). Notably, Petrovic et al. (2018) found 

that diet contributed to 24% of educational differences in cardiovascular disorders, smoking to 17% 

and alcohol and physical activity to 6% each. Nevertheless, while accounting for the effect of the most 

common lifestyle risk factors eliminated the observed educational health inequalities to some extent, 

other factors such as occupation and associated exposure to toxicants may also play a role (Gallo et 

al., 2012). Hence, Mackenbach et al. (2008) argues that improving educational opportunities, income 

distribution, access to health care, as well as health-related behavior might reduce the educational 

inequalities in health. 

1.3 Global and European goals for the reduction of noncommunicable diseases 

There have been a range of declarations and action plans at the global and European level during the 

last years that aim to reduce NCDs (see Figure 8). 
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Figure 8: Global and European response to address noncommunicable diseases 

 

Own work; NCDs= Noncommunicable diseases;  ; WHO= World health organisation 

For instance, in September of 2011, heads of state and government officials assembled at the United 

Nations High-Level Meeting on NCDs. In their “Political Declaration of the High-level Meeting of the 

General Assembly on the prevention and control of Noncommunicable Diseases” they committed to 

increase efforts to prevent and control NCDs (United Nations, 2012). In order to operationalize these 

commitments, the World Health Organization (WHO) endorsed the “Global Action Plan for the 

Prevention and Control of NCDs 2013–2020”. The action plan suggested a range of policy options to 

attain nine voluntary global targets. The first and overarching target was to achieve a 25% relative 

reduction in overall premature mortality from the four main types of NCDs until 2025. Further targets 

were related to the reduction of alcohol, insufficient physical activity, intake of salt/sodium, tobacco 

use and raised blood pressure. Alongside, the action plan provided a comprehensive Global Monitoring 

Framework with indicators to assess progress (WHO, 2013b). 
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In September 2015, the United Nations General Assembly set up the “2030 Agenda for Sustainable 

Development”, consisting of 17 sustainable development goals. Reducing premature mortality from 

NCDs by one-third by 2030 was included as a target of the third sustainable development goal on 

ensuring healthy lives and promoting well-being for all at all ages (Collins et al., 2018; Mendis, 2017; 

United Nations, 2015; WHO, 2015a). 

Meanwhile, in 2012, member states of the WHO European Region agreed on “Health 2020”, a health 

policy framework with six targets. One core indicator was to achieve a 1.5% relative annual reduction 

in overall premature mortality from cardiovascular diseases, cancer, diabetes and chronic respiratory 

diseases until 2020, compared to the baseline of 2010 (WHO, 2013a; WHO, 2014). Further, the “Action 

Plan for implementation of the European Strategy for the Prevention and Control of Noncommunicable 

Diseases 2012–2016” was developed (WHO, 2012). It identified priority interventions, such as fiscal 

and marketing policies to promote healthy consumption, salt reduction, replacement of trans fats in 

food with polyunsaturated fats, as well as promoting active mobility. The plan was updated by the 

“Action Plan for the Prevention and Control of Noncommunicable Diseases in the WHO European 

Region 2016–2025” in 2016 (WHO, 2016a). 
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2 Population-level public health approaches targeting 

behavioural risk factors  
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2.1 Classification of public health strategies 

Prevention strategies may be differentiated according to whether they are universal, i.e. focusing on 

the whole population regardless of individuals’ risk status, or targeted, i.e. focusing on high- risk groups 

or individuals (Gordon, 1983). Interestingly, universal approaches may have a greater health benefit at 

the overall population-level than approaches focusing on high-risk groups or individuals, as shown by 

Geoffrey Rose in 1985. Rose stated that the majority of disease cases are not made up by the small 

number of people who are considered to be at a high risk, but the large number of people who are 

considered to be at small or medium risk. This is because the risk exposure within a population is 

usually normally distributed, with most people being at small or medium risk, and only a few at high 

risk. Conversely, a universal approach, which shifts the whole risk exposure curve to a more favourable 

direction, might therefore prevent more cases than a targeted approach, which identifies particularly 

susceptible persons on the basis of their risk and thereby truncates the risk factor curve (Rose, 1985). 

Whereas the targeted approach has been criticized for stigmatizing persons, the universal approach 

has been criticized for potentially increasing health inequalities. That is, a universal intervention might 

widen inequalities in health, if it shifts the risk exposure curves for population groups unequally. This 

seems to be particularly the case for agentic “downstream” approaches, in contrast to structural 

“upstream” approaches. While structural “upstream” approaches aim to provide conditions and 

environments that facilitate healthy behaviour, agentic “downstream” approaches aim to achieve 

behaviour change by enhancing knowledge and informed choice (McLaren et al., 2009). The former 

may be less likely to increase inequalities than the latter, which has impressively been illustrated in an 

article by Adams et al. (2016). In the article, the authors show how downstream interventions, such as 

advice, guidance, and encouragement, require individuals’ understanding, ability and motivation at 

several points, in order to provide benefit from the intervention. In contrast to that, upstream 

interventions require less, if any, personal resources. 

2.2 Public health strategies targeting behavioural risk factors of noncommunicable 

diseases  

In Figure 9, a range of exemplarily approaches and interventions to target diet, physical activity, 

smoking and alcohol consumption are summarized and arranged on the continuum of structure and 

agency.  
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Own work based on Capewell and Capewell (2018); Mozaffarian et al. (2012); Brambila-Macias et al. (2011); Capacci et al. 
(2012); Hawkes et al. (2013); WHO (2013b) 
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Figure 9: Examples of universal upstream and downstream approaches to improve diet and physical activity 
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The European Union has implemented some of these measures to promote healthier lifestyles. On the 

agentic side, it has previously passed information disclosure requirements, which are supposed to 

provide consumers with some key information in order to make informed decisions, for instance health 

warnings on tobacco products or nutrition declarations on food products (Alemanno and Garde, 2013). 

These are agentic approaches, since they need people to process this information. Further, the 

European Union has passed some marketing restrictions, so that information on food or tobacco may 

not be misleading. In the case of tobacco, it banned advertising that crosses national borders (such as 

press, radio or internet advertising), whereas it did not ban advertising within member states (e.g. on 

billboards). On the structural side, the European Union has adopted fiscal measures, such as minimum 

rates of excise duties on cigarettes and alcoholic beverages (Alemanno and Garde, 2013). 

In general, governments tend to implement approaches that require a high level of agency (Adams et 

al., 2016), even though structural approaches that require individuals to use a low level of agency seem 

not only to be more effective, but also more equitable. Structural upstream interventions are politically 

more challenging than agentic downstream approaches, because opponents claim that structural 

upstream interventions restrict free choice (Adams et al., 2016; Capewell and Capewell, 2018). It could 

however be argued that current risk factor behaviour is far from being the result of free choice but the 

result of past and current policies. Current policies influence norms, which in turn impact risk factor 

behaviour. As evidenced by the seatbelt legislation or smoke-free environments regulation, in 

particular younger cohorts inherit the new “social norms” and public support actually increases with 

time (Adams et al., 2016; Capewell and Capewell, 2018).  

Sassi et al. (2009: 6) summarized that “Governments have implemented a wide range of interventions 

at the national and local levels, particularly during the past 5 years. They have been taking action in 

accordance with calls by international organisations and pressure by the media and the public health 

community, but without a strong body of evidence on the effectiveness of interventions, and virtually 

no evidence of their efficiency and distributional impact”.  

A similar trend can be observed on the local level. A review of reviews (study V) assessing the 

effectiveness of community-based interventions to promote physical activity and healthy eating aimed 

at the general adult population identified mainly agentic downstream interventions such as the 

provision of information material, individual or group counselling, and devices for self-monitoring. All 

in all, the evidence for these interventions was rather inconclusive (Brand et al., 2014). Similarly, a 

review of reviews (study VI) examining the effectiveness of interventions promoting healthy eating and 

physical activity in childcare settings also identified mainly agentic downstream interventions such as 

imparting skills and competencies as well as strengthening self-efficacy. Again, evidence for effective 

interventions was rather weak (Steenbock et al., 2015). 
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2.3 Fiscal policies targeting diet 

Price interventions, such as “health taxes” or “sin taxes”, have previously been widely used to 

discourage the purchase of unhealthy products such as tobacco and alcohol. Likewise, price 

interventions as a universal upstream approach seem to be a particularly effective approach to 

promote healthy diets (Hyseni et al., 2017). In fact, they do not require individual agency or resources 

for uptake (Adams et al., 2016). Thus, the WHO recommends Member States to use targeted subsidies 

and taxes on foods to promote healthier diets (WHO, 2015b; WHO, 2015c; WHO, 2016b). These 

economic tools are supposed to provide an incentive for consumers, encouraging the purchase of 

healthy foods and discouraging the purchase of unhealthy foods. 

In economic theory, price elasticities represent the impact that respective price changes have on 

demand. Own-price elasticities express how the demand for a quantity of a good changes in response 

to the price of the good. For instance, a price elasticity of -1.12 means that when the price of a product 

increases by 1%, the quantity demand for this product decreases by 1.12%. Cross-price elasticities 

express how the demand for a product changes in the response to the price of another product: if, for 

instance, the price of product A increases by 1% while the demand for product B increases by 0.3%, 

this translates to a cross-price elasticity of 0.3 (Nghiem et al., 2013). 

Correspondingly, a meta-analysis of interventional or prospective observational studies found that 

each 10% price increase on sugar-sweetened beverages would reduce the consumption of sugar-

sweetened beverage by 7%, each 10% increase on fast products would reduce the consumption of fast 

foods by 3%, and each 10% price decrease of fruits and vegetables would increase the consumption of 

fruits and vegetables by 14% (Afshin et al., 2017). 

Meanwhile, food taxes are increasingly applied in European countries (see Table 1). For instance, 

Denmark introduced a tax on products such as meat, dairy products, animal fat, oils, margarine and 

butter blends with more than 2.3g of saturated fat per 100g in 2011 (Smed, 2012). However, the tax 

was criticized because of an expected increase in cross-border trade and harmful effects on the Danish 

economy, as well as administrative costs (Bødker et al., 2015). It was therefore abolished again in 

January 2013, before the health impact of the tax could be evaluated. Nevertheless, household scanner 

data indicated that the tax reduced average saturated fat intake by 4% (Smed et al., 2016). 
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Table 1: Examples of applied food taxes in European countries  

Country Date introduced Products taxed Tax rate 

Hungary 2011 Food and drink high in fat, salt, sugar 

and caffeine 

0.016€/L on soft drinks, 0.33€/kg for pre-

packaged sweetened products, 0.67€/kg for 

salty products 

Denmark October 2011–

January 2013 

Products with more than 2.3% of 

saturated fat (e.g. meat, dairy products, 

animal fats, and oils) 

16 DKK/kg 

Finland 2014-2017 Confectionery, ice cream 0.95€/kg 

Latvia 2016 Sugar-sweetened beverages 7.40€/100L 

Belgium 2016 Sugar-sweetened beverages 0.068€/L 

Spain 2017 Sugar-sweetened beverages 0.08€/L for drinks with 5–8 g sugar/100 mL, 

0.12€ for drinks with >8 g sugar/100 mL 

Portugal 2017 Sugar-sweetened beverages 0.08€/L for drinks containing <80g sugar/L, 

0.16€/L for drinks containing >80g sugar/L 

UK 2018 Sugar-sweetened beverages 0.18£/L for drinks containing ≥5g and <8g of 

sugar/100 mL; 0.24£/L for drinks containing 

≥8g of sugar/100mL 

Norway 2018 Chocolate, sugar products 36.92 NOK/kg 

Ireland 2018 Sugar-sweetened beverages 0.20€/L for drinks containing 5–8g of 

sugar/100mL; 0.30€/L for drinks containing 

>8g sugar/100mL 

France 2018 Sugar-sweetened beverages Proportional to sugar content, e.g. 0.135€ 

for 10g added sugar/L 

Adapted from Pfinder et al. (2020) and Villanueva (2011) 

In general, opponents of food taxes argue that individuals should be self-responsible. This, on the 

contrary, neglects that current consumer choice is the result of marketing, advertising, food packaging, 

farming policy as well as national and international trade agreements (Mozaffarian et al., 2018). 

Further, from a societal perspective, current food prices do not fully reflect the full social costs incurred 

(e.g. increased health care costs). Fiscal policies may not only correct this market failure, but also 

generate revenues, which might compensate for these costs (Joyner and Warner, 2013; Thow et al., 

2018).  

Another argument against food taxes is that they fall disproportionately on the poor. However, it can 

be argued that if food taxes fall disproportionally on lower income households (where unhealthy 

behaviours such as unhealthy eating is more prevalent and who suffer disproportionally from related 

diseases), then lower income households might experience disproportionately greater health benefit 

from taxation (Joyner and Warner, 2013; Thow et al., 2018). In fact, price interventions have been 

shown to be most effective in groups with lower socioeconomic position, and may therefore appear 

likely to reduce inequalities (McGill et al., 2015). Nevertheless, taxes could be applied to non-essential 

foods rather than core foods and be combined with subsidies on healthy foods such as fruits and 

vegetables to mitigate financial consequences on lower income households (Thow et al., 2018). 
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2.4 Digital public health interventions targeting physical activity 

Digital behaviour change interventions employ technology “[…] to promote and maintain health, 

through primary or secondary prevention and management of health problems. The technologies used 

can include not only the Internet (accessed by smartphone, PC, or tablet) but also automated 

healthcare and communication systems and an increasing array of mobile, wearable, and 

environmental sensors […]” (Yardley et al., 2016: 814). 

These electronic health (eHealth) approaches, which have a focus on prevention and health promotion 

rather than clinical aspects, are also known as digital public health (Zeeb et al., 2020). A rapidly growing 

field of research deals with eHealth interventions targeting physical activity and diet (Müller et al., 

2018). Nevertheless, the evidence on effectiveness is mixed so far. For instance, only half of the 

examined studies in a review found eHealth interventions targeting physical activity and dietary 

behaviour to be more effective than the control condition (Norman et al., 2007). In another systematic 

review, health and fitness apps improved physical activity in 14 of 21 studies, diet in seven of 13 studies 

and decreased sedentary behaviour in two of five studies (Schoeppe et al., 2016).  

Using digital approaches for public health interventions promises a range of advantages. They provide 

the opportunity to reach many people at low cost, while still providing personalized and individually 

tailored interventions (Oldenburg et al., 2015). 

On the other hand, concerns have been raised that digital approaches may inadvertently generate or 

widen health inequalities. This is the case if digital interventions are more accessible, more frequently 

adopted, or more effective in already advantaged groups (Veinot et al., 2018). 

In fact, in 2017, 79.0% of persons in the European Union had used a computer and 84.0% had used the 

internet within the last three months (see Figure 10). However, the percentage of those using a 

computer decreased with age: from 93.0% among the 16 to 24 years old, to 61.0% among the 55 to 74 

years old. Further, there was a gradient by age and education among those aged 55 to 74: More males 

(65.0%) than females (57.0%) and more persons with high formal education (91.0%) than medium 

formal education (67.0%) or low formal education (35.0%) had used a computer within the last three 

months (European Union and Eurostat, 2020a). A similar trend was observed for internet use within 

the last three months (European Union and Eurostat, 2020b).  
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Figure 10: Prevalence of computer and internet use in the European Union, 2017 

 

Own work based on European Union and Eurostat (2020a) and European Union and Eurostat (2020b) 

Even though digital experience seems to decrease with age, the retirement age is likely to present an 

exceptional opportunity to modify health behaviours such as physical activity (Hirvensalo and 

Lintunen, 2011). In fact, sports and leisure-time physical activity have shown to increase after 

transition to retirement (Barnett et al., 2012). Notwithstanding, as study VII showed, sports 

participation increased over retirement to a lesser extent in persons with a migrant background 

compared to non-migrant persons (Schönbach et al., 2017). Thus, it seems to be reasonable to focus 

interventions on disadvantaged groups, for example persons with a migrant background or persons 

with low socioeconomic position. 
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3 Health impact assessment  
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3.1 Challenges in evidence based public health 

Public health interventions are ideally supposed to be based on the best available scientific evidence, 

not only to avoid unintended harmful outcomes, but also to allocate scarce resources in the best way 

possible (Brownson et al., 2009; Gerhardus et al., 2008). Thus, the concept of evidence-based public 

health aims to make decisions based on the best available research evidence, with the consideration 

of specific contexts, i.e. of population characteristics, needs, values and preferences as well as 

resources (Brownson et al., 2009). 

In the case of clinical interventions, randomized controlled trials are the gold standard to provide 

evidence as they have strong internal validity for certain contexts and study populations. However, 

their application to public health interventions is limited. Firstly, because they are often logistically or 

ethically impossible for large-scale public health interventions; and secondly, because the 

generalizability and the transferability of their results to other contexts and populations is uncertain 

(Victora et al., 2004).  

Countries differ with regard to their risk-factor profile, their population-specific age structure, as well 

as their disease incidence-prevalence-mortality profile. These factors may influence the effect that an 

intervention has on population health. In fact, the effect on population health for the same 

intervention might vary from country to country. 

Health impact assessment (HIA) therefore aims to (i) upscale intervention effects from examined 

groups to the population level while (ii) taking contextual factors into account that could influence the 

effect of an intervention. 

3.2 Prospective health impact assessment evidence synthesis 

HIA is defined as “[…] a combination of procedures, methods and tools by which a policy, program or 

project may be judged as to its potential effects on the health of a population, and the distribution of 

those effects within the population” (WHO, 1999: 4). An HIA systematically predicts the future health 

consequences of a proposal, even before implementing it. HIAs thereby aim to provide information 

that enables decision-makers to take impacts on health outcomes into account when choosing which 

courses of options to implement (Kemm, 2013c).  

HIAs belong to the family of (prospective) impact assessments, which systematically anticipate the 

societal impact of human activities (Fehr et al., 2014). However, in contrast to other assessments such 

as environmental impact assessment or strategic environmental assessment, a legal basis for HIA at 

the European or national level is lacking. Nevertheless, HIAs are relevant for decisions inside and 

outside the health sector. After all, health and its determinants, such as diet and physical activity, may 
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be influenced by policies of sectors other than health. HIAs thereby support the Health in All Policies 

approach, which was adopted as a main theme under the Finish European Union presidency in 2006. 

The Health in All Policies approach advocates the consideration of health aspects in policies across all 

sectors (Sihto et al., 2006). 

An HIA consists of the following steps (Kemm, 2008; Kemm, 2013c): 1. Screening (deciding whether a 

proposal needs an HIA); 2. Scoping (planning how to conduct an HIA); 3. Risk assessment/Effect analysis 

(the core of the HIA, which assesses possible health impacts qualitatively or quantitatively); 4. 

Recommendations and reporting to decision-makers (whereby it is not agreed on whether the HIA 

should or should not advocate for certain options); 5. Implementation, monitoring and evaluation 

(after a decision has been made). Whereas the main stage, the effect analysis, may be qualitative or 

quantitative, Kemm (2013a) argues that quantified outcomes are more likely to help decision-makers 

when comparing different options. 

A range of surveys on HIAs and their current practice and future challenges have been published 

(Bhatia and Seto, 2011; Dannenberg et al., 2008; Fehr et al., 2012; Haigh et al., 2013; O'Connell and 

Hurley, 2009; Veerman et al., 2005). These have identified certain areas that have been neglected so 

far and that future HIAs would benefit from. For instance, Veerman et al. (2005) observed a lack of 

numeric quantification, with only 16 out of 98 HIAs included in their survey reporting numeric 

estimates of change in health outcome. In other surveys, the assessment and reporting of differential 

impacts on subgroups and impacts on health inequalities was found to be neglected (Bhatia and Seto, 

2011; Fehr et al., 2012; Haigh et al., 2013). A lack in the assessment of uncertainties was also observed 

(Fehr et al., 2012). Further, the majority of HIAs were related to projects, and not (national) policies 

(Kemm, 2013b). 

3.3 DYNAMO-HIA: A tool for quantitative health impact assessment 

There are a range of tools that exist for quantitative HIA (Fehr et al., 2012; Fehr et al., 2016; Lhachimi 

et al., 2010). One of them is DYNAMO-HIA (DYNAmic MOdeling for Health Impact Assessment). In 

DYNAMO-HIA, a range of “what-if” scenarios with an intervention-induced risk factor change can be 

specified. DYNAMO-HIA then simulates the effect of these risk factor changes on the health outcomes 

for a whole population over a projection period defined by the user (Lhachimi et al., 2012a) (see Figure 

11). 
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Figure 11: General concept of a model for health impact assessment 

 

Adapted from Boshuizen et al. (2012) 

The DYNAMO-HIA project started in 2007 and was funded by the European Commission's Directorate 

General for Health and Consumers, with co-financing from a range of institutes such as the Erasmus 

Medical Center in Rotterdam and the National Institute of Public Health and the Environment in the 

Netherlands. Its aim was to quantify the health impact of policies. 

DYNAMO-HIA consists of  

1. a generic software, which is able to quantify the effect of a policy-induced risk factor change 

on the health outcomes of interest, given necessary data on the risk factor, diseases and the 

population, 

2. a database, which provides a range of reference data. For 27 European countries, data is 

available on risk factors such as alcohol intake, smoking and body mass index (BMI); on 

diseases such as IHD, stroke, diabetes, chronic obstructive pulmonary disease, lung cancer, 

colorectal cancer, oral cancer, breast cancer and oesophageal cancer; as well as on populations 

(population size, projected births and mortality) 

Both the software and the database are freely available from the website (https://www.dynamo-

hia.eu/). 

At its core, the generic DYNAMO-HIA software is a partial micro simulation based on a Markov model. 

It consists of (i) a stochastic micro-simulation of risk factor exposure and (ii) a deterministic macro-

simulation of diseases and deaths. In the beginning, a baseline population of individuals by age and 

gender is generated, based on the risk factor exposure data that the user has to provide to the model. 

In the micro-simulation, a representative sample of individuals is selected from this baseline 

population. For each individual, DYNAMO-HIA generates a risk factor biography over the life-course 

using pre-defined transition probabilities between risk-factor states. In the macro-simulation, 
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DYNAMO-HIA constructs disease life tables for every risk factor biography. Then, it calculates the 

probability of disease incidence and mortality over time for every risk-factor biography. In the end, 

biography-specific life tables are calculated for every birth cohort and can be aggregated (Boshuizen 

et al., 2012; Lhachimi et al., 2008; Lhachimi et al., 2012a). 

Since the tool was released in 2010, a range of HIAs have been conducted using DYNAMO-HIA (see 

Table 2).  

Table 2: Health impact assessments conducted using DYNAMO-HIA 

Author Risk factor Country/City Time 

horizon 

Outcome 

 

Kulik et al. (2012) Smoking Netherlands 2010–

2060 

Lung cancer, COPD and IHD prevalence, 

deaths 

Lhachimi et al. 

(2012b) 

Alcohol 

consumption 

11 countries of 

the European 

Union 

10 years Stroke, diabetes, IHD and cancer 

prevalence, deaths 

Lhachimi et al. 

(2013) 

BMI UK Cohort Colorectal cancer, diabetes, stroke and 

IHD prevalence, cohort life expectancy, 

disease-free life expectancy 

Holm et al. (2014) Smoking Copenhagen Until 

2040 

Lung cancer, IHD, stroke and COPD 

prevalence, excess mortality rate, cohort 

life expectancy 

Hendriksen et al. 

(2015) 

Salt intake 9 countries of the 

European Union 

20 years Stroke and IHD prevalence, deaths, life 

expectancy 

Mansfield and 

MacDonald 

Gibson (2015) 

Walking (for 

transportation) 

3 communities in 

North Carolina 

40 years Hypertension, diabetes, IHD and stroke 

prevalence, deaths 

Erkoyun et al. 

(2016) 

Salt intake Turkey 2013–

2025 

IHD and cerebrovascular prevalence and 

incidence 

Fischer and 

Kraemer (2016) 

Second-hand-smoke Germany 2014–

2040 

IHD, COPD and stroke prevalence 

Lhachimi et al. 

(2016) 

Alcohol 

consumption, BMI, 

Smoking 

11 countries of 

the European 

Union 

10 years IHD, stroke, diabetes, COPD and cancer 

prevalence, deaths, life expectancy 

Kang (2017) Smoking Korea 2017–

2027 

IHD, COPD, diabetes, stroke and cancer 

prevalence and incidence, deaths 

Brønnum-Hansen 

et al. (2018) 

Air pollution Copenhagen Until 

2040 

Diabetes, IHD, stroke, COPD, asthma and 

lung cancer prevalence and incidence, life 

expectancy, disease-free life expectancy 

Otavova et al. 

(2019) 

Smoking Belgium Until 

2048 

Life expectancy, healthy life years, 

unhealthy live years 

Leão et al. (2020) Smoking 7 countries of the 

European Union 

Cohort Healthy life years 

Broeks et al. 

(2020) 

Meat, fruit and 

vegetable intake 

Netherlands 2018–

2048  

Colorectal cancer, IHD, diabetes, lung 

cancer, stroke prevalence 

Bender et al. 

(2020) 

Obesity Copenhagen  2014–

2040 

IHD, stroke and diabetes prevalence and 

incidence, life expectancy 

Own work; BMI= Body mass index; IHD= Ischemic heart disease; COPD= Chronic obstructive pulmonary disease  

So far, most of the HIAs were run on the risk factors smoking and alcohol intake. Only one HIA has 

been conducted on physical activity, namely on walking for transportation (Mansfield and MacDonald 
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Gibson, 2015), and until recently, salt intake (Erkoyun et al., 2016; Hendriksen et al., 2015) was the 

only dietary risk factor that had been modelled. However, DYNAMO-HIA is a generic software that can 

handle any risk factor, as long as the user provides data for it. These risk factors can consist of up to 12 

categories per simulation.  

DYNAMO-HIA provides some additional flexibility to the user. For instance, DYNAMO-HIA relies, by 

default, on age- and gender-specific model parameters. Nonetheless, differentiation by other 

characteristics such as socioeconomic position is possible by portioning the risk factor accordingly.  

Further, even though DYNAMO-HIA does not provide a default option to consider and account for the 

uncertainty of model parameters, it is nevertheless possible to carry out a probabilistic sensitivity 

analysis. In order to do so, sufficiently repeated replications of the model have to be run, each with a 

new set of input parameters that have previously been drawn randomly from specified distributions. 
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4 Research objectives 
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The overall aim of this dissertation was to quantify the long-term population health impact of public 

health interventions targeting lifestyle risk factors, thereby supporting evidence-based policy-making. 

To this end, we conducted four prospective quantitative HIAs, each of which addressed a population-

wide intervention targeting nutrition or physical activity behaviour. A special focus was to overcome 

current challenges in HIA by a) using realistic policy scenarios instead of artificial counterfactual 

scenarios, b) not only estimating an intervention’s impact on risk behaviour change, but to extend the 

analysis by quantifying actual health outcomes, c) adding new risk factors to DYNAMO-HIA and d) 

assessing the differential distribution of health impacts by socioeconomic characteristics such as 

education (as an explorative extension). 

The following questions were addressed in this dissertation: 

I. To what extent can a tax on processed meat potentially improve population health in 

Germany?  

→ Study I (processed meat) 

In order to answer this question, we modelled three environmental taxes (4%, 18.5%, 33.3%) 

as well as a value-added tax (VAT) increase on processed meat from 7% to 19%. 

Methodologically, the focus was to model – for the first time – the health impact of a realistic 

tax on processed meat for a European country, using price elasticities from the German 

context. Processed meat had just shortly before been classified to be carcinogenic by the 

International Agency of Research on Cancer (Bouvard et al., 2015; IARC Working Group on the 

Evaluation of Carcinogenic Risk to Humans, 2018). 

Furthermore, this was the first time that a partial probabilistic sensitivity analysis was 

conducted in DYNAMO-HIA in order to account for uncertainty. 

 

II. What are the health gains of a European fat tax?  

→ Study II (saturated fat) 

In order to answer this question, we applied the saturated fat intake reduction and 

simultaneous polyunsaturated fat intake increase that has been observed under the Danish 

fat tax to six other European countries.  

This was the first approach to apply the actual intake change that has been observed under 

the fat tax in Denmark as a real-life setting to a range of other European counties.  

 

III. What are the health impacts of a VAT removal or a subsidy on fruits and vegetables in 

Germany?  

→ Study III (fruits and vegetables) 
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In order to answer this question, we modelled a VAT reduction on fruits and vegetables from 

the current 7% to 0%, as well as the implementation of a 20% subsidy on fruits and vegetables.  

Methodologically, the focus was to use price elasticities from the German context. 

 

IV. What are the potential impacts of a large-scale physical activity intervention for older adults 

in Germany on long-term health and health inequalities?  

→ Study IV (physical activity) 

In order to answer this question, we used the physical activity change that was observed in the 

project “PROMOTE – Tailoring physical activity interventions to promote healthy ageing” as a 

case study, as well as a range of hypothetical intervention scenarios with the effect size of 

PROMOTE but with different effectiveness across education groups. While the PROMOTE 

intervention consisted of two web-based interventions (for self-tracking physical activity 

behaviour) and a delayed intervention control group, conducted among 589 adults aged 65 to 

79 years in five German communities (Muellmann et al., 2019), it was scaled up from 

community to national level in the simulation. 

The methodological challenge was to model health impacts following behavioural risk factor 

changes by education as an indicator of socioeconomic position using DYNAMO-HIA, which 

had not been done before. 

Studies I–III were conducted within the Research group for Evidence-based public health, founded by 

the Leibniz Institute for Epidemiology and Prevention Research – BIPS and the Institute for Public 

Health and Nursing Research at the University Bremen. 

Study IV was conducted within the project “EQUAL – Equity impacts of interventions to increase 

physical activity” (Lehne et al., 2019), which is a subproject of the research network “AEQUIPA – 

Physical activity and health equity: primary prevention for healthy ageing” (Forberger et al., 2017). 
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5 Data and methods 
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5.1 Conceptual pathway 

The conceptual pathway of the HIAs conducted in studies I–IV comprises two steps, as suggested by 

Veerman et al. (2005): 1. Exposure impact assessment, which is representing the effect of a policy on 

the risk factor or health determinant, and 2. Outcome assessment, which is representing the impact 

of the change in a risk factor on health (see Figure 12). 

Own work; IHD= Ischemic heart disease 

Figure 12: Conceptual pathway of the health impact assessments conducted in studies I-IV 
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5.2 Exposure impact assessment: from policy to risk factor 

In order to estimate what impact the policy of interest has on the respective risk factor (processed 

meat intake, saturated fat intake, fruits and vegetables intake or physical activity), we used the 

following data and assumptions (see Table 3): 

Table 3: Overview of data sources for the exposure impact assessment 

 Study I  

(processed meat) 

Study II  

(saturated fat) 

Study III 

(fruits & vegetables) 

Study IV  

(physical activity) 

Policy Environmental tax 

on processed meat 

(4%, 18.5%, 33.3%), 

VAT increase for 

processed meat 

(11.2%) 

Tax on saturated fat 

(€2.15 per kg of 

saturated fat in 

products with more 

than 2.3g of 

saturated fat per 

100g) 

VAT decrease for 

fruits and 

vegetables (6.54%), 

subsidy on fruits 

and vegetables 

(20%) 

Digital intervention 

promoting physical 

activity at 

population-level 

(with PROMOTE as 

case study) 

Intervention effect Own calculated 

price elasticities 

derived from 

consumer panel 

dataset by the GfK 

Observed intake 

change following 

Denmark’s fat tax, 

derived from Smed 

et al. (2016) 

Price elasticities 

derived from Thiele 

(2008) 

Observed physical 

activity change 

following PROMOTE 

intervention, 

derived from re-

analysis (Czwikla et 

al., 2019) 

Risk factor/ health 

determinant in the 

reference scenario 

Processed meat 

intake from the NVS 

II (Max Rubner-

Institut, 2009) 

Saturated fat intake 

from European 

Nutrition and 

health report 

(Elmadfa et al., 

2009) 

Fruits and 

vegetables intake 

from GEDA 2012 

(Robert Koch 

Institute, 2014) 

Physical activity 

from GEDA 

2014/15-EHIS 

(Robert Koch 

Institute, 2018) 

Own work; GEDA 2012= German Health Update 2012; GEDA 2014/15-EHIS= German Health Update 2014/15- European 
Health Interview Survey; GfK= German consumer research association “Gesellschaft für Konsumforschung”; NVSII= German 
National Nutrition Survey II; VAT=Value-added tax 

Policy 

Study I (processed meat) hypothesized three environmental taxes on processed meat (4%, 18.5%, 

33.3%), as well as a VAT increase for processed meat from 7% to 19% (translating to a price increase 

of 11.2%). Study II (saturated fat) adapted the Danish fat tax to six other countries. Study III (fruits and 

vegetables) hypothesized a VAT reduction from the current 7% to 0% (translating into a price decrease 

of 6.54%), as well as a 20% subsidy. Study IV (physical activity) assumed a digital intervention 

promoting physical activity among older adults, by rolling out PROMOTE as a case study from 

community to national level. 

These policies built the “intervention scenarios” of the HIA. For comparison purposes, in each study 

we additionally simulated a “reference scenario”, also known as “business-as-usual” scenario, where 

the age- and gender-specific risk factor exposure (processed meat intake, saturated fat intake, fruit 

and vegetable intake or physical activity) remained unchanged. Further, we simulated a special 
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intervention scenario, a so-called “guideline scenario” or “minimum-risk-exposure-scenario” where 

the risk factor was assumed to be shifted to a level that is recommended by guidelines and/or assumed 

to reduce harm to a minimum (i.e. <15g/day of processed meat, ≤10 percent of total energy intake 

(%E)/day from saturated fat, >4.5 portions/day of fruits and vegetables as well as physical activity of 

≥22.5 MET-hours/week). Thus, the guideline scenario functions – by presenting the number of deaths 

and disease cases that could maximally be prevented by a risk factor modification – as a benchmark. 

Intervention effect 

For study I (processed meat) and study III (fruits & vegetables), we used price elasticities to predict the 

impact respective price changes would have on processed meat and fruit and vegetable intake, 

respectively. For study I (processed meat), own-and cross-price elasticities were calculated by one of 

the co-authors, based on a consumer panel dataset collected from January to December 2011 by the 

German consumer research association “Gesellschaft für Konsumforschung” (GfK) (Thiele et al., 2017). 

The GfK-data cover all food purchases of 13,125 representative German households. According to 

these elasticities, a 4%, 11.2%, 18.5% and 33.3% price increase of processed meat results in a drop of 

demand by 2.8%, 7.8%, 12.9% and 23.3%, respectively. For study III (fruits & vegetables), we used own-

price elasticities derived from Thiele (2008), which were based on the Income and Expenditure Survey 

of the Federal Statistical Office of Germany from 2003 with 12,000 households. According to these 

price elasticities, removing the VAT on fruits and vegetables and its associated price reduction of 6.54% 

would increase fruit intake by 5.2% and vegetable intake by 3.6%. Correspondingly, the 20% subsidy 

scenario with its 20% price decrease would lead to an increase in fruit intake by 16% and an increase 

in vegetable intake by 11%. 

For study II (saturated fat) and study IV (physical activity), we used observed data from previously 

conducted interventions. In the case of study II (saturated fat), we assumed the tax would have the 

same effect on saturated fat intake that it had in Denmark. In order to do so, we derived the age- and 

gender-specific saturated fat intake change that was observed in Denmark after the introduction of a 

fat tax from the literature. The observed saturated fat intake reduction ranged from 0.48%E to 0.68%E 

for males and from 0.43%E to 0.58%E for females (Smed et al., 2016). In the case of study IV (physical 

activity), the intervention effect estimates were derived from the project PROMOTE (Muellmann et al., 

2019), which were re-analysed within the EQUAL project (Czwikla et al., 2019). The re-analysis 

suggested that in persons with low education, the weekly moderate-to-vigorous physical activity 

(MVPA) was 19.7 minutes higher in the intervention groups than in the control group 12 weeks after 

baseline. In persons with medium education it was 5.8 MVPA minutes higher, and in persons with high 

education 9.53 MVPA minutes higher. 
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Risk factor/ health determinant (in the reference and intervention scenarios) 

The intervention effects were applied to current risk factor exposure (i.e. the exposure under the 

reference scenario) to estimate the risk factor exposure under the intervention scenarios. 

For study I, current processed meat intake was derived from the German National Nutrition Survey II 

(NVSII) public use file (Max Rubner-Institut, 2009). The NVSII is a nationwide representative food 

consumption survey, which was conducted between November 2005 and January 2007. In the survey, 

15,371 persons completed the diet history interviews and reported the foods and beverages they had 

consumed over the preceding 4 weeks (Heuer et al., 2015). For study II, current saturated fat intake 

was derived from the European Nutrition and Health Report (Elmadfa et al., 2009). For study III, current 

fruits and vegetables intake was derived from the German Health Update 2012 (GEDA 2012) public use 

file (Robert Koch Institute, 2014). GEDA 2012 was carried out by the Robert Koch Institute between 

March 2012 and March 2013 (Lange et al., 2015) and comprises 19,189 persons with complete fruit 

and vegetable information. For study IV, current physical activity was derived from the German Health 

Update 2014/2015-European Health Interview Survey (GEDA 2014/2015-EHIS) dataset (Robert Koch 

Institute, 2018). The GEDA 2014/2015-EHIS study was conducted by the Robert Koch Institute from 

November 2014 to July 2015. It collected data from 24,016 adults (Finger et al., 2017; Lange et al., 

2015; Saß et al., 2017). 

5.3 Outcome assessment: from risk factor to health outcome using DYNAMO-HIA 

In order to estimate the impact that the change in risk factor exposure (processed meat intake, 

saturated fat intake, fruits and vegetables intake and physical activity) has on health, we used the 

DYNAMO-HIA software. As stated in chapter 3.3, DYNAMO-HIA is a software tool, which dynamically 

projects a real-life population through risk factor exposure and a range of associated diseases. In the 

simulation, it projects the health outcomes of one or more scenarios, and compares the health 

outcomes of intervention scenarios, in which a change in the risk factor exposure is presumed, to a 

reference scenario, in which the risk factor exposure remains unchanged (Lhachimi et al., 2012a). 

For the simulation, we used the following input data that are summarized in Table 4: 
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Table 4: Overview of data sources and configuration for the outcome assessment using DYNAMO-HIA 

  Study I 

(Processed meat) 

Study II 

(Saturated fat) 

Study III 

(Fruits & 

vegetables) 

Study IV  

(Physical activity) 

D
at

a 
so

u
rc

es
 

Risk factor 

prevalence for each 

scenario 

Ten intake 

categories, by age 

and gender 

Ten intake 

categories, by age 

and gender 

Six intake 

categories, by age 

and gender 

Three categories, by 

age, gender and 

education 

Transition 

probabilities 

Net transitions Net transitions Net transitions Zero transitions 

Relative risks for 

death 

Per 50g/day, taken 

from Rohrmann et 

al. (2013) 

- Per 200g/day, taken 

from Aune et al. 

(2017) 

For seven 

categories of MET-

hours/week, taken 

from Arem et al. 

(2015) 

Relative risks for 

diseases 

Per 50g/day, taken 

from GBD 2016 Risk 

Factor 

Collaborators 

(2017) 

For each 5%E of 

lowered 

polyunsaturated fat 

intake, being 

replaced with 

saturated fat, taken 

from GBD 2016 Risk 

Factor 

Collaborators 

(2017) 

Per 200g/day, taken 

from Aune et al. 

(2017) 

Per 11.25 MET-

hours/week, taken 

from Wahid et al. 

(2016) 

Incidence, 

prevalence, excess 

mortality of 

diseases 

DYNAMO-HIA 

database 

DYNAMO-HIA 

database 

DYNAMO-HIA 

database 

DYNAMO-HIA 

database 

Relative risks from 

other diseases 

DYNAMO-HIA 

database 

DYNAMO-HIA 

database 

DYNAMO-HIA 

database 

DYNAMO-HIA 

database 

Population size, 

newborns, 

mortality, (DALY 

weights) 

Germany, derived 

from DYNAMO-HIA 

database 

Denmark, Italy, 

Poland, Spain, 

Sweden, the 

Netherlands, United 

Kingdom, derived 

from DYNAMO-HIA 

database 

Germany, derived 

from DYNAMO-HIA 

database 

Germany, derived 

from DYNAMO-HIA 

database 

C
o

n
fi

gu
ra

ti
o

n
 

Start year 2018 2019 2019 2019 

Projection period 10 years (end: 

2028) 

10 years (end: 

2029) 

10 years (end: 

2029) 

10 years (end: 

2029) 

Outcomes Prevalence of IHD, 

diabetes and 

colorectal cancer, 

deaths 

Prevalence of IHD Incidence + 

prevalence of IHD 

and stroke, deaths 

Incidence of IHD, 

stroke and diabetes, 

deaths 

Own work; IHD= Ischemic heart disease; MET= metabolic equivalent, %E= percent of total energy intake 
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Risk factor prevalence (for each scenario) 

For study I (processed meat), we obtained the proportion of persons for each of the following ten 

intake categories, by age and gender: 0 to <15 g/day, 15 to <30 g/day, 30 to <45 g/day, 45 to <60 g/day, 

60 to <75 g/day, 75 to <90 g/day, 90 to <105 g/day, 105 to <120 g/day, 120 to <135 g/day and ≥135 

g/day. For study II (saturated fat), we obtained the proportion of persons for the following ten intake 

categories, by age and gender: ≤10%E, >10 to ≤12%E, >12 to ≤14%E, >14 to ≤16%E, >16 to ≤18%E, 

>18 to ≤20%E, >20 to ≤22%E, >22 to ≤24%E, >24 to ≤26%E and >26%E. For study III (fruits and 

vegetables), the intake was classified into six categories, by age and gender: ≤0.5 portions, >0.5 to ≤1.5 

portions, >1.5 to ≤2.5 portions, >2.5 to ≤3.5 portions, >3.5 to ≤4.5 portions and >4.5 portions. For study 

IV (physical activity), the intake was classified into three categories: <11.25 MET-hours/week, ≥11.25 

to <22.5 MET-hours/week and ≥22.5 MET-hours/week, by age, gender and education. 

In order to avoid the occurrence of unsteadiness, the risk factor was smoothed over age. 

Transition probabilities 

For studies I–III, we used net transitions, i.e. we assumed that gender- and age-specific risk factor 

prevalence would remain constant over the whole projection period. For study IV, we used zero 

transitions, i.e. we assumed that persons keep their risk factor exposure throughout the whole 

projection period. 

Relative risks for diseases and death 

For study I (processed meat), we used relative risks (RRs) on IHD, diabetes and colorectal cancer for 50 

g increments from the GBD study 2016 (GBD 2016 Risk Factor Collaborators, 2017), and RRs on death 

for 50 g increments per day from a publication based on the German European Prospective 

Investigation into Cancer and Nutrition cohort (Rohrmann et al., 2013). For study II (saturated fat), we 

used RRs on IHD from the GBD study 2016 (GBD 2016 Risk Factor Collaborators, 2017), for each 5%E 

of lowered polyunsaturated fat intake per day with simultaneous increase in saturated fat. For study 

III (fruits and vegetables), we used RRs on IHD, stroke and deaths per 200 g of fruits and vegetables 

per day from a meta-analysis (Aune et al., 2017). For study IV (physical activity), we used RRs on IHD, 

stroke, diabetes for an increase of 11.25 MET-hours per week from a meta-analysis (Wahid et al., 

2016), and RRs on death for seven categories of MET-hours per week from a pooled analysis (Arem et 

al., 2015). 
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Disease data 

For all studies, we used the DYNAMO-HIA database, which incorporates incidence, prevalence, and 

excess mortality for a range of diseases such as ischemic heart disease, stroke, diabetes and cancer for 

nearly all European countries. 

Population data 

For all studies, we used population size, newborns and mortality (in the case of studies I–III for 

Germany; in the case of study III for Denmark, Italy, Poland, Spain, Sweden, the Netherlands, United 

Kingdom) from the DYNAMO-HIA database.  

Configuration 

The simulations were run for a projection period of ten years in all studies. 
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6 Results  
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6.1 To what extent can a tax on processed meat potentially improve population health 

in Germany? (Study I) 

Over the 10-year projection period, there would be 9,300 less male deaths and 4,500 less female 

deaths under the lowest tax of 4%, compared to the reference scenario. At the same time, the highest 

tax of 33.3% would prevent 76,700 male and 37,100 female deaths. Thereby, the lowest tax of 4% 

reaches 3.5% of the maximal number of preventable deaths as presented in the guideline scenario in 

males and 4.2% in females, while the highest tax of 33.3% reaches 28.5% and 34.3% of the maximal 

number of preventable deaths in males and females, respectively (see Figure 13). 

Figure 13: Deaths under processed meat tax, cumulated over the 10-year projection period 

 

Own work 

In projection year 10, prevalent IHD, diabetes and colorectal cancer cases under the lowest tax of 4% 

would be 8,400, 9,500 and 500 lower in males, respectively, and there would be 4,600, 7,800 and 300 

less cases in females. Under the highest tax of 33.3%, prevalent IHD, diabetes and colorectal cancer 

cases would be 70,800, 77,900 and 4,900 lower in males and 29,900, 48,900 and 2,300 lower in females 

(see Figure 14). 
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Figure 14: Prevalent ischemic heart disease, stroke and colorectal cancer cases under processed meat tax in projection year 
10 

 

Own work; IHD= Ischemic heart disease  
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6.2 What are the health gains of a European fat tax? (Study II) 

Compared to the reference scenario, a fat tax would reduce the prevalent IHD cases in projection year 

10 by a minimum of 500 among males and 300 among females in Denmark, up to a maximum of 5,600 

among males and 4,000 among females in the UK. Measured against the guideline scenario, the 

prevented IHD cases under the fat tax scenario would correspond to between 11.0% (in females in the 

Netherlands) and 29.5% (in females in Italy) (see Figure 15). 

Figure 15: Prevalent ischemic heart disease cases under fat tax in projection year 10 

 

Own work; IHD= Ischemic heart disease  
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6.3 What are the health impacts of a value-added tax removal or a subsidy on fruits 

and vegetables in Germany? (Study III) 

After the first year of projection, the removal of the VAT on fruits and vegetables would prevent 1,570 

deaths, 510 IHD cases and 730 stroke cases in comparison to the reference scenario. At the same time, 

the 20% subsidy would prevent 6,130 deaths, 2,010 incident IHD cases, as well as 2,830 stroke cases 

(see Figure 16 for deaths, results for diseases not shown). 

Figure 16: Deaths under value-added tax removal and subsidy on fruits and vegetables over the 10-year projection period 

 

Own work; VAT= Value-added tax 

Cumulated over the 10-year projection period, an estimated 13,960 deaths, 4,450 incident IHD cases 

and 7,010 stroke cases would be prevented after removing the VAT on fruits and vegetables. After 

implementing a 20% subsidy, 54,880 deaths, 17,990 incident IHD cases and 27,390 stroke cases would 

be averted. Although this corresponds to only a fraction of the incidents that would occur under the 

reference scenario, the averted cases translate to approximately 2% (for the zero VAT scenario) and 

9% (for the 20% subsidy scenario) of deaths as well as IHD and stroke cases that would be prevented 

under the guideline scenario, i.e. if the whole population consumed the recommended five portions 

of fruits and vegetables per day (see Figure 17). 
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Figure 17: Deaths, incident ischemic heart disease and stroke cases under value-added tax removal and subsidy on fruits and 
vegetables, cumulated over the 10-year projection period 

 

Own work; IHD= Ischemic heart disease, VAT= Value-added tax 
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6.4 What are the potential impacts of a large-scale physical activity intervention for 

older adults in Germany on long-term health and health inequalities? (Study IV) 

Under the four interventions promoting physical activity among people aged 55 and over, there would 

be approximately 3,589–5,829 less incident disease cases among males aged ≥55 years compared to 

the reference scenario, as well as 4,381–7,163 less disease cases among females aged ≥55 years, over 

the 10-year projection period (see Figure 18). 

Figure 18: Incident ischemic heart disease, stroke and diabetes cases under physical activity intervention, cumulated over the 
10-year projection period 

 

Own work; IHD= Ischemic heart disease 

The highest reduction for males would be achieved under the upward gradient scenario, under which 

the intervention is most effective for those with a high education level. This upward-gradient scenario 

realizes 2.7% of the prevented disease cases observed under the guideline scenario, while increasing 



Chapter 6 

 

44 

inequalities between education groups. In females, the highest reduction would be achieved under the 

downward-gradient scenario, under which the intervention is most effective amongst those with low 

levels of education. This scenario realizes 2.7% of the prevented disease cases under the guideline 

scenario, while decreasing inequalities between education groups. A similar pattern can be observed 

for deaths (see Figure 19). 

Figure 19: Deaths under physical activity intervention, cumulated over the 10-year projection period 

 

Own work 

Under the assumption that all persons with low or medium education adapted the physical activity 

profile of those with high education, approximately 31,687 incident disease cases and 59,068 deaths 

could be prevented among males over a 10-year projection period, as well as 59,173 incident disease 
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cases and 121,689 deaths among females. Among males, this translates to 14.4% of the prevented 

disease cases and 13.7% of the prevented deaths observed under the guideline scenario. Among 

females, this translates to 22.2% and 27.7% of the prevented disease cases and deaths observed under 

the guideline scenario (results not shown). 
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7 Discussion  
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7.1 Main findings 

We conducted four HIAs of policies and interventions that were assumed to i) increase the prices of 

processed meat, ii) decrease the price for fruits and vegetables, iii) decrease saturated fat intake and 

iv) increase physical activity over a projection period of 10 years.  

After the implementation of a tax on processed meat, the reduction of deaths over the 10-year 

projection period would range from 9,300 in males and 4,500 in females under the lowest tax of 4%, 

up to 76,700 in males and 37,100 in females under the highest tax of 33.3%. A fat tax would reduce 

the prevalent IHD cases in projection year 10 by a minimum of 500 and 300 among males and females 

in Denmark, respectively, up to a maximum of 5,600 and 4,000 among males and females in the UK. 

When removing the VAT on fruits and vegetables, an estimated 13,960 deaths would be prevented 

over the 10-year projection period. At the same time, a 20% subsidy on fruits and vegetables would 

avert 54,880 deaths. Under the four physical activity interventions, approximately 3,589–5,829 

incident disease cases could be avoided among males aged ≥55 years over a 10-year projection period, 

as well as 4,381–7,163 disease cases among females aged ≥55 years. The highest reduction for males 

would however be achieved under the intervention that is most effective for those with a high 

education level, thereby increasing inequalities between education groups. In females, the highest 

reduction would be achieved under the intervention that is most effective amongst those with a low 

level of education, thereby decreasing inequalities between education groups. 

These are non-negligible health benefits, compared to other preventive interventions. For instance, 

Mackenbach et al. (2012) estimated that the vaccination for influenza avoids 500 deaths annually in 

the Netherlands, population-based screening for breast cancer 700 deaths and tobacco control 

measures 6,900 deaths. 

As another illustration, the VAT increase for processed meat by 11.2% would avoid approximately 

38,100 deaths (25,400 in males and 12,700 in females) over a period of 10 years, corresponding to 

approximately 3,810 deaths per year. This is slightly more than the 3,046 traffic deaths that occurred 

in Germany in 2019 (Statistisches Bundesamt, 2020). This is a finding of particular interest, because 

processed meat had been classified as carcinogenic just shortly before the HIA was conducted 

(Bouvard et al., 2015; IARC Working Group on the Evaluation of Carcinogenic Risk to Humans, 2018). 

Thus, our results show that a tax on processed meat, a tax on saturated fat and a subsidy on fruits and 

vegetables as well as a digital intervention promoting physical activity can contribute to the reduction 

of NCDs in Germany and at the European level. We thereby illustrated how HIAs can be applied to 

strengthen evidence-based public health decision-making. 
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7.2 Strengths and limitations 

The four HIAs conducted within the context of this dissertation could – in a relatively short period of 

time and with few resources – quantify the health-related implications of certain policies for a specific 

population’s age structure, disease profile and risk factor exposure. For decision-makers, these provide 

valuable information where otherwise long-term studies would need to be conducted at the 

population-level in order to evaluate the impacts of public health interventions.  

DYNAMO-HIA is a well-established model for quantitative HIA and has been used for similar HIAs of 

population-level policies and risk factors, e.g. taxation of alcohol (Lhachimi et al., 2012b), smoking and 

second-hand-smoking (Fischer and Kraemer, 2016; Holm et al., 2014; Kulik et al., 2012; Lhachimi et al., 

2012a), obesity (Lhachimi et al., 2013), and salt intake (Erkoyun et al., 2016; Hendriksen et al., 2015). 

Since the model relies on the accuracy of input data and underlying assumptions, these are therefore 

discussed hereafter. 

To begin with, we aimed to use recent and nationally representative data. However, these are not 

always easily available. For instance, in the case of processed meat intake (study I) and saturated fat 

intake (study III), the NVSII public use file (Max Rubner-Institut, 2009) and the European Nutrition and 

Health Report (Elmadfa et al., 2009) seem to be outdated, but were the most recent source we could 

identify.  

The fact that the DYNAMO-HIA tool does not generically allow the simulation of several risk factors at 

the same time is another limitation. Thus, in studies I-III it was not possible to estimate the impact of 

cross-price effects and compensatory buying, i.e. whether consumers are substituting taxed products 

with desired healthier products or whether they are switching to unhealthier products (Cornelsen et 

al., 2014). Similarly, study IV could not estimate the extent to which sport injuries would influence 

health outcomes. 

A further limitation is that dose-response curves are not yet fully understood in many cases. For 

instance, it is not clear whether risk increases linearly or exponentially, or whether there is a certain 

threshold (Kemm, 2013a). Our model assumes that risk will grow exponentially with intake in the case 

of processed meat and saturated fat (study I and II), and will decrease exponentially in the case of fruits 

and vegetables. In the case of physical activity and related diseases, we assumed that the relationship 

followed a 0.25 power transformation. If, in contrast, there is a threshold effect above a certain level, 

we may have overestimated the positive health effects in higher risk factor categories.  

Finally, DYNAMO-HIA needs age- and gender-specific input data and also provides the results of a 

simulation by age and gender by default. However, there is no default option to include further 

distinctions, for instance by education or other indicators of socioeconomic position. These can only 
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be incorporated as a second dimension of the risk factor. For a risk factor exposure with originally three 

categories (low, medium and high) and a socioeconomic position with three categories (low, medium 

and high), this translates to a total of nine risk factor categories (e.g. low education and low risk factor 

exposure, low education and medium risk factor exposure, low education and high risk factor 

exposure, medium education and low risk exposure,…). Since a maximum of 12 risk factor categories 

can be used in DYNAMO-HIA, incorporating socioeconomic position as a second dimension requires 

that the categories of the original risk factor be widened. This, however, means that possibly people 

in the simulation experience a change in the risk factor exposure without switching to a different risk 

factor category and there will be no change in health outcomes. This shortcoming, in addition to lack 

of respective data, was the reason we incorporated the differentiation by education as an explorative 

extension in study IV, but not in studies I–III.  

7.3 Research implications and recommendations 

Improve data availability 

The quality of HIAs relies on the accuracy of input data and underlying assumptions. Nonetheless, 

lessons learned from conducting the four quantitative HIAs in the context of this dissertation were that 

the data sources still need to be improved. For instance, in study I we used processed meat data from 

the NVSII collected between November 2005 and January 2007 and for study II we used saturated fat 

data from the European Nutrition and Health Report based on surveys conducted around the year 

2000. To our knowledge, these were the most recent data sources for processed meat and saturated 

fat intake, even though they seem rather outdated. For study III, it was originally planned to conduct 

an analysis for the whole European Union. For this to be done, the data on fruit and vegetable intake 

was supposed to be derived from the European Comprehensive Database 

(https://www.efsa.europa.eu/en/microstrategy/foodex2-level-1), which was set up by the European 

Food Safety Authority (European Food Safety Authority, 2011). The database provides intake on food 

groups (mean, standard deviation, and six percentiles) for infants, children, adolescents, adults, and 

the elderly, in 23 countries. Unfortunately, the data were – until recently – not provided for males and 

females separately and therefore could not be used for our analysis. 

Meanwhile, member states of the European Union have to mandatory implement the European Health 

Interview Survey (EHIS), which aims to provide harmonized and comparable data on health 

determinants, health status, health care use and socioeconomic background variables (Fehr et al., 

2017). In Germany, this is conducted by the Robert Koch Institute in form of the German Health Update 

(GEDA) (Lange et al., 2015). In fact, the GEDA 2014/2015-EHIS dataset was used for study IV (Saß et al., 

2017). Eurostat, the statistical office of the European Union, provides a range of these EHIS health 
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determinants such as BMI, physical activity, intake of fruits and vegetables, tobacco consumption and 

alcohol consumption in a publicly available database (https://ec.europa.eu/eurostat/data/database). 

It contains data for the 27 countries of the European Union, plus the United Kingdom, Norway, Iceland 

and Turkey, by age, gender and education. Fruit and vegetable intake, however, is only one of the 12 

dietary risk factors suggested by the GBD study (GBD 2017 Risk Factor Collaborators, 2018). So far, the 

Eurostat database does not provide data on the remaining dietary risk factors, such as whole grains, 

sodium, nuts and seeds, seafood omega-3, fibre, legumes, polyunsaturated fat, calcium, processed 

meat, sugar-sweetened beverages, milk, trans-fats, or red meat.  

In addition to this, dose-response curves need to be further examined. Kemm (2013a: 31f.) summarizes 

that “In many cases the dose-response curve is not fully understood. For many substances it is clear 

that higher exposures are very harmful to health, but are small exposures slightly harmful? Is there a 

threshold below which there is no increase in risk? Does the risk increase linearly with exposure or 

exponentially? Frequently, the data needed to answer these questions are not available”. At the same 

time, Hendriksen et al. (2017) found that the effect sizes in the risk factor to health association resulted 

in the largest change in health impact estimates. 

Assess inequalities between population groups when conducting HIAs 

Study IV highlights the importance of assessing the distribution of health impacts both overall and 

within a population, as interventions with the greatest population health gain might be accompanied 

by an increase in health inequalities. 

In general, most HIAs so far do not assess the distribution of health impacts between different 

population groups, be it those conducted with DYNAMO-HIA (Brønnum-Hansen et al., 2018; Erkoyun 

et al., 2016; Fischer and Kraemer, 2016; Hendriksen et al., 2015; Holm et al., 2014; Kang, 2017; Kulik 

et al., 2012; Lhachimi et al., 2012b; Lhachimi et al., 2013; Lhachimi et al., 2016; Mansfield and 

MacDonald Gibson, 2015; Otavova et al., 2019) or other tools (Briggs et al., 2016; Briggs et al., 2017; 

Collins et al., 2015; Manyema et al., 2016; Ni Mhurchu et al., 2015; Sanchez-Romero et al., 2016; 

Scarborough et al., 2012; Soerjomataram et al., 2010; Veerman et al., 2016). 

Recently, terms such as “equity-focused HIA” or “health inequalities impact assessment” or “health 

equity impact assessment” have emerged as a distinction from the standard (non-inequality-

considering) HIAs. However, it can be argued that this is not only superfluous but also a wrong 

approach, because it ignores the fact that the standard HIA incorporates the consideration of equity 

by default. After all, according to the definition of the Gothenburg consensus conference, a HIA judges 

not only the overall potential effects on the health of a population (on an aggregate level), but also 

“[…] the distribution of those effects within the population” (WHO, 1999: 4). In fact, a separate health 



Chapter 7 

 

52 

inequality impact assessment “[…] would do no more than a properly conducted HIA” (Sihto et al., 

2006: 197).  

Instead, it would be more important to work on tools and data that facilitate the incorporation of 

inequalities in standard HIAs. For instance, in DYNAMO-HIA, there is no default option to assess the 

distribution of health impacts between different population groups. There is a workaround by 

incorporating the socioeconomic position as a second dimension of risk factor, which was done in study 

IV, but this comes at the expense of the reduction of available exposure categories in the first risk 

factor. Further, to be able to consider inequalities in HIAs, data on risk factors, relative risks and disease 

data by for instance gender, age, ethnic background, and socioeconomic status are needed. 

Conduct HIAs on more complex interventions and risk factors 

Apart from the HIAs conducted within the context of this dissertation, we could identify HIAs for 

Germany that assessed the reduction of sugar-sweetened beverage intake (Schwendicke and Stolpe, 

2017), alcohol intake (Lhachimi et al., 2012b), BMI and smoking (Lhachimi et al., 2016). Future HIAs 

could be conducted on interventions such as food advertising controls, labelling, mass media 

campaigns and school-based interventions. For other countries and contexts, HIAs have for instance 

already assessed the impact of a total ban on TV food advertising on children in the US (Veerman et 

al., 2009), traffic-light nutrition labelling in Australia (Sacks et al., 2011), mass media campaigns in the 

US (Pearson-Stuttard et al., 2017a), the elimination of industrial trans fats in England (Pearson-Stuttard 

et al., 2017b), mandatory reduction of sodium levels in foods, a media campaign and food labelling in 

New Zealand (Nghiem et al., 2015), public transport fare increases in the US (James et al., 2014) and 

fuel price increase in Australia (Brown et al., 2017). 

In addition to that, in times of climate change, HIAs can be used to estimate the health impacts from 

climate friendly diets (Aston et al., 2012), environmentally sustainable diets (Scarborough et al., 2012), 

or the taxation of all food and drink groups with certain greenhouse gas emissions (Briggs et al., 2016). 

In fact, HIAs have already been used in other topics of interest, such as Brexit (Seferidi et al., 2019) and 

the COVID-19 pandemic (Douglas et al., 2020). 

Results from these HIAs cannot simply be transferred to other countries, since the health effect of an 

intervention may vary from context to context due to differing risk-factor profiles, age structures, as 

well as disease incidence-prevalence-mortality profile of populations. Instead, each country has to 

conduct its own context- or country-specific HIA. 

Not all of the previous HIAs could be conducted with DYNAMO-HIA, though, since the DYNAMO-HIA 

tool does not allow the simulation of several risk factors at the same time. Particularly when it comes 
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to diet, more than one risk factor might be needed to incorporate the impact of cross-price effects and 

compensatory buying. 

7.4 Policy implications and recommendations 

In 2015, the United Nations General Assembly proposed in its 2030 Agenda for Sustainable 

Development that measures to reduce premature mortality from NCDs by one-third by 2030 be taken 

(United Nations, 2015). Our four studies provide evidence on how a tax on processed meat, a tax on 

saturated fat, a removal of the VAT and a subsidy on fruits and vegetables as well as a digital physical 

activity intervention can contribute to this goal of reducing NCDs in Germany and at the European 

level.  

Especially the tax on processed meat with a simultaneous subsidy on fruits and vegetables may be a 

promising approach, as both provide comparatively large health benefits. Further, a combination of 

both could mitigate financial consequences on lower income households. Both price interventions do 

not rely on individual’s agency and commitment and are therefore relatively easy to implement. 

Decision-makers could now prompt a broader investigation in the political and technical feasibility of 

such a policy, as well as the expected costs and revenues.  

7.5 Conclusion and perspective 

In a relatively short period of time and with few resources, we were able to quantify the health-related 

implications of a tax on processed meat, a tax on saturated fat, a removal of the VAT and a subsidy on 

fruits and vegetables as well as a digital intervention promoting physical activity. The underlying age 

structure, the disease profile and the risk factor exposure of the respective population of interest were 

taken into account. The HIAs conducted within the context of this dissertation indicate the extent to 

which these policies could contribute to the reduction of NCDs in Germany and at the European level. 

These estimates could help decision makers not only weigh between different interventions and policy 

options (e.g. a tax on processed meat versus a tax on saturated fat), but also between different 

scenarios for a particular type of intervention (i.e. different tax rates). In a next step, an investigation 

in the political and technical feasibility of such policies is needed. 

Notably, we identified a range of barriers while conducting the HIAs and therefore formulate the 

following research recommendations: a) Improve data availability. A HIA relies on a range of input 

data. Nonetheless, while conducting the four quantitative HIAs in the context of this dissertation, it 

became clear that data sources still need to be improved. b) Assess inequalities between population 

groups when conducting an HIA. Most HIAs lack to assess the distribution of health impacts between 

different population groups so far. However, one HIA conducted in the context of this dissertation 
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suggested that interventions with the greatest population health gain might be accompanied by an 

unintended increase in health inequalities. Therefore, both the assessment of health impacts overall 

as well as within a population is relevant for decision-makers. c) Conduct HIAs on more complex 

interventions and risk factors. HIAs have to be carried out context- and country-specific, because the 

health effect of an intervention may vary from context to context due to different risk-factor profiles, 

age structures, as well as disease incidence-prevalence-mortality profiles. Even though a range of HIAs 

already exists, results from these HIAs cannot be simply transferred to other contexts or countries. 
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