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6.1. Objective and research questions 

The aim of this study is to provide new and detailed insights into how the burden of obesity 

affects mortality at the population level, and how obesity is likely to develop in the future in 

Europe. More specifically, this thesis examined the evolution of obesity-attributable mortality 

over time across European countries and its impact on all-cause mortality, and used the 

knowledge acquired from this investigation to predict future obesity.  The research questions 

that guided this study were as follows: 

1. What are the past levels of and trends in obesity-attributable mortality in Europe, both 

across calendar year and birth cohorts, and how do these levels and trends differ across 

European countries?  

2. What are the effects of obesity on all-cause mortality levels and trends, and how do 

these effects differ between countries?  

3.  How is the obesity epidemic likely to evolve in the future? 

Most previous studies on obesity-attributable mortality focused on the US, or had other 

limitations. For example, these studies generally did not apply the same methodology 

simultaneously, which would have allowed for comparisons across countries and over time; 

or they concentrated on a single point in time, and did not take into account the age, period, 

and cohort dimensions. This thesis went one step further, and helped to close the gaps in our 

knowledge of obesity-attributable mortality by providing several novelties. It focused on 

obesity-attributable mortality and its effect on mortality at the population level in Europe 

using cross-country comparisons and taking a temporal approach, which includes the birth 

cohort dimension. Through the application of this approach, important and detailed 

knowledge about the health of populations – which was previously limited – was obtained. 

This knowledge can be used to estimate the magnitude of the problem, and to guide public 

health policies. Furthermore, by applying the study’s findings on past trends and cross-country 

variation in obesity-attributable mortality, as well as the idea that the obesity burden evolves 

as an epidemic, this thesis has built a solid basis for estimating the future evolution of obesity 

trends. In this study, demographic and epidemiological data and methods were combined, 

which allowed for the use of a multidisciplinary approach in achieving the aims of this thesis. 
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6.2. Summary of the findings 

There are various methodologies available for estimating obesity-attributable mortality, each 

of which result in different estimates, and can impede the construction of time series. Chapter 

2 evaluated the impact different estimation methods can have on the levels of and the trends 

in obesity-attributable mortality in the Netherlands over the 1981-2013 period. Approaches 

that use either all-cause mortality data or cause-specific death data were considered. 

Ultimately, we applied three all-cause approaches (a partially adjusted approach, a weighted 

sum approach, and the two approaches combined) and one cause-of-death approach 

(comparative risk assessment; CRA), which we adjusted in order to purely capture obesity. We 

used data on relative risks (RRs) obtained from both worldwide and European studies. The 

application of these different approaches led to different estimates of obesity-attributable 

mortality fractions (OAMFs). The OAMFs obtained for 2013 ranged from 0.9%, an estimate 

that was derived using the weighted–sum method and worldwide RRs; to 1.5%, an estimate 

that was derived using the adjusted CRA approach and less recent RRs. All of the approaches 

applied found an increase in OAMFs over the study period, except for the adjusted CRA 

approach, which showed a decrease among women.  

Chapter 3 evaluated the age, period, and birth cohort effects and patterns of obesity-

attributable mortality in eight European countries: namely, the Czech Republic, Finland, 

France, Germany, Hungary, Italy, Poland, and the UK. The findings indicated that over the 

1990-2012 study period, there was an increase in age-standardized obesity prevalence and in 

OAMFs in most of these countries, and a decline in age-standardized obesity-attributable 

mortality rates (OAMRs) in all of these countries; albeit with some variation across countries. 

The results also showed that increasing OAMFs can be accompanied by decreasing OAMRs 

when the total mortality rate is decreasing faster than the OAMR. The contribution of 

nonlinear birth cohort effects to obesity-attributable mortality trends was found to be 

significant (p < 0.01) in all of the populations studied, except among men and women in the 

Czech Republic and Finland, and among German women and Polish men. The largest 

contributions, of more than 25%, were observed among men and women in the UK and among 

French women. In the UK, an increase in mortality rate ratios (MRRs) was observed for each 

successive cohort born after 1950.  The analysis of the cohort patterns for the rest of the 

populations with significant cohort effects – namely, German men; Polish women; and French, 
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Hungarian, and Italian men and women – indicated that the MRRs increased in the cohorts 

born in 1935-1960, and decreased in the cohorts born in later years. 

Chapter 4 focused on the impact of obesity on life expectancy levels and trends over the 1975-

2012 period for the United States and for 26 European national populations: namely, Austria, 

Belarus, Belgium, the Czech Republic, Denmark, Estonia, Finland, France, Hungary, Iceland, 

Ireland, Italy, Latvia, Lithuania, Luxembourg, the Netherlands, Norway, Poland, Portugal, the 

Russian Federation, Slovakia, Spain, Sweden, Switzerland, Ukraine, and the United Kingdom. 

In these 26 European countries, the age-standardized obesity-attributable mortality fraction 

(OAMF) was, on average, 11% among men and 10% among women in 2012. The potential gain 

in life expectancy (PGLE) if obesity was eliminated in these European countries in 2012 ranged 

from 0.86 to 1.67 years among men, and from 0.66 to 1.54 years among women. In the US, 

the PGLE in 2012 was estimated at 1.74 years for men and at 1.44 years for women. Over the 

study period, the PGLE increased in all countries, albeit more among men than among women. 

However, a levelling off of the increase in the PGLE after 1995 was observed among women 

in Denmark, Switzerland, and in the Central and Eastern European (CEE) countries. Without 

obesity, the increase in life expectancy at birth between 1975 and 2012 would have been, on 

average, 0.78 years higher among men and 0.30 years higher among women. 

Chapter 5 presented a forecast of future obesity prevalence in 18 European countries and the 

US using a novel forecasting approach that took into account the underlying wave pattern of 

the obesity epidemic. The following European countries were included in this study: Austria, 

Belgium, Denmark, Finland, France, Germany, Greece, Iceland, Ireland, Italy, Luxembourg, the 

Netherlands, Norway, Portugal, Spain, Sweden, Switzerland, and the United Kingdom. In 2016, 

the age-standardized obesity prevalence ranged from 19.5% (Swiss women) to 39.5% (US 

women). Over the 1990-2016 period, the increases in obesity prevalence declined. Obesity is 

expected to reach maximum levels among men from 2030 to 2052, and among women from 

2026 to 2054. These levels should be reached first in the Netherlands, the US, and the UK; and 

last in Switzerland. The maximum levels are expected to be highest in the US (44%) and the 

UK (37%) and lowest in the Netherlands (28% among men) and in Denmark (24% among 

women). In 2060, obesity is projected to range from 13.1% (Dutch men) to 36.9% (Swiss men).  

Overall, the findings of this thesis showed that the mortality burden of obesity in Europe has 

been significant, especially in terms of obesity-attributable mortality. Both obesity-
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attributable mortality and the effect of obesity on life expectancy has been increasing over 

time, with important cohort effects. The results also revealed that there have been important 

differences between European countries in the mortality burden of obesity and its 

development at the population level; and that the obesity epidemic in Europe is expected to 

reach its peak, at levels of at least 25%, between 2026 and 2054. 

Specifically, the age-standardized OAMF in 26 European countries in 2012 was estimated at, 

on average, 11% among men and 10% among women. The impact of obesity on life 

expectancy in Europe in 2012, as measured by the potential gains in life expectancy (PGLE) if 

obesity were eliminated, was estimated at, on average, 1.22 years among men and 0.98 years 

among women. The overall trend in OAMFs was found to be increasing in most of these 

countries. Between 1975 and 2012, obesity was shown to be responsible for 10% of the 

average change in life expectancy at birth among men, and for 5% of the average change in 

life expectancy at birth among women across these European countries. The findings indicated 

that the CEE countries had more irregular OAMF and PGLE trends than the Western, Southern, 

and Northern countries. While differences in OAMFs and PGLE were also observed between 

men and women, no clear pattern could be discerned. In addition to age and period effects, 

cohort effects on obesity-attributable mortality were found to be significant, albeit with 

considerable variation and some exceptions. It has been projected that in the European 

countries studied, the obesity epidemic will reach its maximum levels between 2030 and 2052 

among men and between 2026 and 2054 among women, with values ranging from 24% 

(Danish women) to 44% (US men and women). Important differences between countries were 

observed in the values and the timing of these maximum levels, which indicate that different 

countries are in different phases of the obesity epidemic.   

6.3. Reflections on the main findings 

6.3.1. The mortality burden of obesity  

It appears that the growth in the mortality burden of obesity, as measured by OAMFs and 

PGLE, is in line with the overall observed increase in obesity across Europe. 

Specifically, the average OAMFs across Europe were found to have increased significantly, 

from 4% among men and around 6% among women in 1975 to 11% among men and 10% 

among women in 2012. This increasing trend in OAMFs seems to mirror a similar trend in 
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obesity levels, whereby countries with greater obesity increases and/or higher obesity levels 

also tend to have higher OAMFs, and vice versa. Hence, the observed differences in OAMFs 

reflect the differences in obesity prevalence levels among European countries (Finucane et al., 

2011; Ng et al., 2014; NCD Risk Factor Collaboration, 2016). In particular, we found that 

countries with high obesity prevalence levels, such as Germany, the UK (chapter 3), Belarus, 

Hungary, Ireland, Norway, Spain, Russia, and the US (chapter 4), have relatively high OAMFs; 

while countries with lower obesity prevalence levels, such as France, Italy (chapters 3 and 4), 

the Netherlands, and Denmark (chapter 4), have relatively low OAMFs. While obesity and 

OAMFs did not increase substantially over time in all of these countries, particularly in the 

Central and Eastern European countries; they also started from higher levels (see subsection 

6.3.2). It is important to note that in each of the chapters, different obesity prevalence data 

were used. These data differences can explain some of the differences in the findings of the 

chapters. 

The findings on the impact of obesity on life expectancy in 2012 in European countries, as 

estimated by the potential gains in life expectancy (PGLE), showed that if obesity were 

eliminated, men would gain 1.22 years and women would gain 0.98 years, on average. Like 

for the OAMF trends, the PGLE trends largely followed the obesity trends, whereby countries 

with greater obesity increases and/or higher obesity levels also had higher PGLE, and vice 

versa. It was, for example, shown that Belarus, Hungary, Ireland, Poland, Russia, Spain, the 

UK, and the US had relatively large PGLE; while countries with lower obesity prevalence, like 

Denmark, France, Italy, the Netherlands, and Sweden, had lower PGLE. 

One way to evaluate the (relative) importance of obesity’s impact on life expectancy is to 

compare its effects with those of other lifestyle factors known to affect life expectancy, like 

smoking and alcohol. The impact of smoking on life expectancy, expressed in terms of PGLE, 

was 2.38 years for men and 1.00 years for women in Western Europe, and 3.82 years for men 

and 0.67 years for women in CEE. The potential gains in life expectancy if alcohol were 

eliminated were estimated at 0.90 years for men and 0.44 years for women in Western 

Europe, and at 2.15 years for men and 1.00 years for women in CEE (Trias-Llimós et al., 2017). 

Thus, it appears that the impact of obesity on life expectancy lies between that of smoking 

and alcohol, and can be considered significant. 
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In addition, we found that without obesity, the increase in e0 between 1975 and 2012 would 

have been, on average, 0.78 years higher among men and 0.30 years higher among women. 

Thus, obesity accounted for approximately 10% of the average change in e0 among men and 

5% of the average change in e0 among women over this period. The effects of obesity on life 

expectancy trends are already far from negligible, and are expected to increase further, based 

on the US figures (by 13% among men and 15% among women), and on indications that 

obesity prevalence has been following an upward trend in all European countries. Our study 

also estimated the contributions of different birth cohorts to obesity-attributable mortality 

trends, and found significant cohort effects. Specifically, we found that the birth cohorts at 

higher risk of obesity-attributable mortality were the cohorts of men and women born after 

1950 in the UK; and the cohorts of German men; Polish women; and French, Hungarian, and 

Italian men and women born between 1935 and 1960. However, there are no previous studies 

on the contributions of different birth cohorts to obesity-attributable mortality in European 

countries that could be used to validate these findings.   

These findings clearly show that the UK has a cohort pattern that is completely different from 

those of other European countries, which more closely resemble the cohort patterns observed 

in the US (Masters et al., 2013). On the other hand, the observed variations across European 

countries reflect the large differences between European countries that can be seen in all of 

our findings (see 6.3.2.) 

6.3.2. Variations between European countries  

Important variations in the mortality burden, as measured by OAMFs and PGLE, and in its 

development, were observed across European countries. These variations seem to be related 

to the different stages of the obesity epidemic reached in different European countries. 

When looking at the timing and the progression of the obesity epidemic in European regions, 

we can see a clear distinction between Western, Southern, Northern Europe on the one hand, 

and Central and Eastern Europe on the other. Specifically, we found that the CEE countries 

have experienced higher obesity prevalence levels than the Western European countries since 

the 1970s and the early 1980s (Silventoinen et al., 2004; Malik et al., 2013). However, since 

the 1980s, the obesity epidemic has progressed at a faster and more constant pace in 

Western, Northern, and Southern European countries than in CEE countries, where the trends 

have been more irregular (Finucane et al., 2011). In line with our findings in Chapter 4, it has 
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been shown that in CEE, increases in obesity prevalence and in OAMFs stagnated in the 1980-

2008 period, and this became more pronounced in the 1990s (Bray & Bouchard, 2003; 

Finucane et al., 2011). This pattern coincides with the dramatic economic and political 

changes that these countries underwent in that period (Bray & Bouchard, 2003; Silventoinen 

et al., 2004; Finucane et al., 2011), which resulted in poorer nutrition and decreased energy 

supplies (Silventoinen et al., 2004). These and other changes led to a stagnation in obesity.  

However, some CEE countries still have very high obesity prevalence, as they started from 

higher levels (Silventoinen et al., 2004; Malik et al., 2013). 

The remaining variations in obesity levels across countries are attributable to a combination 

of individual and contextual factors, including differences in dietary and physical activity 

patterns, socioeconomic levels, and obesogenic environmental conditions (Blundell et al., 

2017; Harvard School of Public Health, 2018a). There are many factors that contribute to 

cross-country differences in obesity levels, and an exhaustive documentation of these factors 

is beyond the scope of our study. However, highlighting some of them is essential. 

For example, dietary patterns, which vary considerably across European countries, help to 

explain differences in obesity risk levels (Pomerleau et al., 2003; Naska et al., 2006; Birt et al., 

2017). Numerous differences in food habits related to geography, culture, and tradition all 

contribute to the diversity of dietary patterns. For instance, fruits and vegetables are much 

more widely available in Southern Europe than in CEE (Pomerleau et al., 2003). Moreover, the 

supply of dairy products has also long differed across regions, although in recent years the 

availability of these products in Southern and Eastern Europe has been increasing to levels 

equivalent to those in Northern and Western Europe (Birt et al., 2017). By contrast, alcohol 

availability and consumption has long been higher in CEE than in the rest of Europe (Popova 

et al., 2007; Bobak et al., 2016). Many countries of the Mediterranean basin are increasingly 

drifting away from the traditional Mediterranean diet and are adopting a more Westernised 

diet (Panagiotakos et al., 2006; Kontogianni et al., 2008; da Silva et al., 2009), whereas 

Northern European countries seem to be moving towards adopting healthier eating habits 

(increasing consumption of fruit, vegetables, and fish; and reducing consumption of fat) (Birt 

et al., 2017). These differences were reflected in our findings, as countries like Spain and 

Greece ranked higher in obesity than Northern European countries like Sweden, Finland, and 

Denmark.  
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been shown that in CEE, increases in obesity prevalence and in OAMFs stagnated in the 1980-

2008 period, and this became more pronounced in the 1990s (Bray & Bouchard, 2003; 
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availability of these products in Southern and Eastern Europe has been increasing to levels 
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availability and consumption has long been higher in CEE than in the rest of Europe (Popova 

et al., 2007; Bobak et al., 2016). Many countries of the Mediterranean basin are increasingly 

drifting away from the traditional Mediterranean diet and are adopting a more Westernised 

diet (Panagiotakos et al., 2006; Kontogianni et al., 2008; da Silva et al., 2009), whereas 

Northern European countries seem to be moving towards adopting healthier eating habits 

(increasing consumption of fruit, vegetables, and fish; and reducing consumption of fat) (Birt 
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Physical activity patterns also vary considerably across Europe. Some Southern European 

countries, like Greece, Italy, and Portugal, and some CEE countries, like Hungary, Poland, 

Romania, and Bulgaria, have reported low levels of physical activity; whereas Nordic and 

Western countries have reported relatively high levels of physical activity (Ulijaszek & Koziel, 

2007; Ríos et al., 2016). These differences were reflected in our findings.    

Socioeconomic status (SES), which is interpreted here as an individual factor that mainly refers 

to a person’s income and education, has been shown to be significantly associated with 

obesity. SES can modify the risk of obesity through, for example, dietary habits, access to 

exercise facilities, physical activity levels, and health literacy levels (Malik et al., 2013; Marques 

et al., 2017). It has been shown that people with higher SES have a lower obesity risk because 

they have greater ability and capacity than people with lower SES to adopt healthy dietary and 

physical activity habits (Robertson et al., 2007). Thus, obesity rates tend to be higher among 

people with lower than with higher SES (Devaux & Sassi, 2011). In addition, the literature has 

shown that countries with higher income levels and lower levels of inequality tend to have 

lower obesity levels, especially among women (WHO, 2014). There is, for example, evidence 

that countries that have lower levels of inequality and more favourable socioeconomic 

conditions, like Denmark, Sweden, and the Netherlands (OECD, 2017), have lower obesity 

levels and mortality burdens than countries with higher levels of inequality and less favourable 

socioeconomic conditions, like the UK, Spain, and Greece (OECD, 2017).  

The abovementioned differences are strongly related as well to contextual factors, and to the 

obesogenic environment in particular. Food prices and availability, food stores, infrastructure, 

environmental structures, type of neighbourhood (defined by residential density and SES) are 

among the factors that affect the risk of obesity (Powell et al., 2010). The relationship between 

the types of neighbourhood and the obesity risk of the population is mediated by individual 

factors, such as food availability and choice (e.g., fruit and vegetable consumption and fast 

food consumption) and levels of physical and sedentary activities (Blundell et al., 2017). 

An important point that is worth mentioning here is that the UK seems to be the forerunner 

in obesity levels in Europe. It has, for example, been shown that compared to other European 

countries, the UK has OAMF and PGLE levels that are higher, and that have increased more 

over time. These findings seem to be related to evidence that the UK has higher obesity levels 

and larger increases in obesity prevalence over time than elsewhere in Europe (Lifestyles 

 

152 
 

statistics team, Health and Social Care Information Centre, 2014; NCD Risk Factor 

Collaboration, 2016; Abarca-Gómez et al., 2017). There is, for example, research indicating 

that the increase in obesity in the UK has been similar to the increase observed in the United 

States, although the UK started from a lower level (Cutler et al., 2003); and that the obesity 

levels in the two countries are fairly similar (Finucane et al., 2011). The US and the UK have 

among the highest rates of obesity and of morbid obesity in the world. Possibly because these 

countries share cultural characteristics and a “liberal” economic system (Soskice & Hall, 2001; 

Bambra, 2007), it appears that in terms of the obesity epidemic, the UK is following the US 

rather closely, while the other European countries are following. 

6.3.3. The obesity epidemic in the future 

Our forecast suggests that obesity prevalence will further increase in the non-CEE countries 

studied, reaching a maximum level ranging from around 24% to 45% between 2026 and 2054, 

and will subsequently decline. 

These results are in line with the theoretical framework by Xu and Lam, who argued that once 

a maximum level of obesity prevalence is reached in a country, it will be followed by a decline 

(Xu & Lam, 2018). However, as their estimates of when this maximum will be reached are 

based on theoretical considerations, they differ from our estimates. 

 Our results diverge from those of previous forecasts of obesity prevalence (i.e., (McPherson 

et al., 2007; Ruhm, 2007; Finkelstein et al., 2012; Majer et al., 2013; Thomas et al., 2014), as 

they did not forecast the long-term future, and they did not include in their approach a 

reversal from an increasing to a decreasing trend. In general, those previous forecasts that 

merely used linear extrapolation tended to project higher obesity levels (Ruhm, 2007; Wang 

et al., 2008; Pineda et al., 2018), whereas those forecasts that took into account the recently 

observed levelling off of obesity levels (Majer et al., 2013; Thomas et al., 2014) were more 

closely aligned to our short-term findings.  

Partly in line with the observed variations in obesity prevalence and obesity-attributable 

mortality between countries, we also identified cross-country differences in the timing and 

the level of the expected peak in the obesity epidemic. Our findings indicated that the US is 

expected to reach the highest maximum level, followed by countries that had very high 

obesity levels for both sexes based on the last year of available data, like the UK, Ireland, 
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Greece, Germany, and Spain. The countries that are projected to reach the lowest maximum 

levels of obesity for both sexes are the Netherlands, Italy, and Portugal, which also ranked low 

on obesity levels based on the last year of available data. These findings are in line with the 

results of a recent study that forecasted obesity for 2025 in the WHO European countries, 

although the levels they projected are different from ours (Pineda et al., 2018). Not all 

countries are expected to retain their current obesity rankings in the future, however. For 

example, men in countries like Switzerland, Norway, and Iceland, which had low or 

intermediate obesity rankings based on the latest available obesity data, are forecasted to 

reach intermediate or high maximum levels in the future. Meanwhile, women in countries like 

Iceland and Luxembourg, which had low to intermediate obesity rankings, are forecasted to 

reach very low or intermediate maximum obesity levels in the future. These patterns are 

partly attributable to the data and to the observed variation in the deceleration of the obesity 

increase in all countries. 

We found that the UK is closely following the US in terms of obesity levels and these countries 

will reach the maximum levels early. This result is in line with our other findings (6.3.1 and 

6.3.2) and with the findings of the previous literature, which detected some similarities in the 

obesity progression patterns in the UK and the US; as we mentioned in 6.3.2. In addition, it is 

in line with a previous forecast that focused on a few European countries as well as the US 

(Schneider et al., 2010), and with their current forerunner positions. It therefore appears that 

the UK is currently the obesity forerunner among the European countries, and will have some 

of the highest obesity levels in the future. Consequently, it seems logical to assume that other 

European countries, especially non-CEE countries that are similar to the UK, will follow the 

UK’s example. 

In summary, according to our forecast, which implements the underlying wave pattern of the 

epidemic, obesity will increase in all European countries, reach a maximum level, and then 

decline; although the timing and the values of these maximum obesity levels are expected to 

vary. However, reaching a maximum level that is followed by a decline will not occur naturally, 

and requires public health action (see 6.6).  
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6.4. Reflections on the methodological approach 

6.4.1 Strengths of the approach and the innovativeness of the study  

This study, which provided new and detailed knowledge about the mortality burden of obesity 

at the population level in Europe and the future evolution of the obesity epidemic, has several 

strengths.  

The population-level approach we adopted was essential for obtaining important knowledge 

about how individual health risks are translated and accumulated in a population, thereby 

shaping its health; The population-level approach also provided us with detailed insights into 

the extent to which obesity is affecting mortality across Europe, which can be used to guide 

societies and public health policies (see section 6.6). 

The cross-country comparison was essential for describing and highlighting the differences 

across countries, which did not receive much attention in previous studies. In addition, by 

applying the same estimation method across countries, we were able to ensure that the 

systematic bias remained the same, rendering our comparisons more robust. Furthermore, 

the use of a comparative framework offered insights into how different contextual and 

individual factors, along with cohort behavioural histories, modify the impact of detrimental 

factors like obesity (Mehta et al., 2017).  

This thesis also used a temporal approach to gain important information on how obesity and 

obesity-attributable mortality evolved over time. We were able to explore in detail how 

obesity-attributable mortality affected life expectancy in the past, and up to the present. 

Previous studies that employed a temporal approach   either focused on the US rather than 

on Europe; or they provided information for specific time intervals only, while focusing little 

on the future trends in Europe. This study went two steps further by assessing past trends 

through an analysis of age, period, and cohort effects, and by projecting future obesity levels. 

By including the birth cohort dimension, this PhD thesis has accounted for the complexity of 

the obesity epidemic, which is affected not only by age and calendar time (period), but by 

birth cohort (Reither et al., 2009). While there are no previous assessments of the 

contributions of birth cohorts to obesity in a European context, this dimension is believed to 

be key to understanding complex health issues (Masters et al., 2013). Our analysis revealed 

that cohorts contributed to past trends in obesity-attributable mortality, identified the 
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cohorts at elevated risk of obesity-attributable mortality, and stressed the differences in these 

trends across countries. Thus, as birth cohort effects reflect events that happen early in the 

life course that have long-lasting effects, they highlight the importance of interventions early 

in life. These findings can be used to guide the formulation of public health policies targeted 

at cohorts at elevated risk (see section 6.6). 

This thesis took a novel approach to projecting future obesity trends, as the idea of the 

epidemic nature of obesity was implemented in the forecasting methodology. Our results 

provide information on the different phases of the obesity epidemic that have so far been 

reached in a large number of European countries, as well as long-term projections of obesity 

trends in these countries. By contrast, previous forecasts focused mainly on the US, or 

provided short-term forecasts only for a limited number of European countries. 

Whereas most previous studies on this topic applied either a cross-country or a temporal 

approach, we combined these two approaches in this thesis. Through the use of this 

innovative methodology, we were able to provide more detailed insights into the mortality 

burden of obesity across Europe, and how it evolved over time. We also adopted a novel 

approach to projecting the future evolution of obesity.  

6.4.2. Limitations of the study 

The methods applied in this thesis, such as APC analysis, the PGLE estimation and forecasting 

approach, have their strengths and limitations, which are presented in detail in the relevant 

chapters (see chapters 2-5). Overall, however, the most important limitations of this study are 

related to the availability of data. 

First, the findings of analyses based on a population-level approach should be interpreted with 

care, as they represent an average of aggregated results, and thus cannot be used to draw 

individual-level conclusions (Kindig et al., 2002). For instance, estimates of potential gains in 

life expectancy should not be interpreted as the years of life any individual would gain if 

obesity were eliminated; rather, these estimates represent an average of aggregated results. 

Second, it is important to be aware of the limitations of the majority of the data we used in 

this study: namely, obesity prevalence data, RRs, and cause-specific mortality data. In the 

European context, longitudinal or follow-up cross-sectional health surveys that provide data 

on health indicators like obesity, and that are, ideally, linked to mortality data, are generally 
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missing. There are, of course, health surveys that have been conducted in several countries 

and that cover long periods of time, but the data from these surveys are not easily available. 

Moreover, these data are not always comparable across countries, as they are based on 

different methodologies (for instance, the Dutch health survey and the Health Survey for 

England).  

As this thesis was developing, some comparative obesity data sources became available (Ng 

et al., 2014; NCD Risk Factor Collaboration, 2016; Abarca-Gómez et al., 2017), which enabled 

us to study long-term trends and make cross-country comparisons. These data stem from both 

the GBD/IHME and the NCD-RisC initiatives (Ng et al., 2014; NCD Risk Factor Collaboration, 

2016; Abarca-Gómez et al., 2017), with the data from the NCD-RisC initiatives being updates 

of each other. These datasets are very different, and after carefully evaluating them, we 

discovered that they could not be used for all types of analysis. For instance, because the data 

from the NCD Risk Factor Collaboration (Ng et al., 2014; NCD Risk Factor Collaboration, 2016) 

were not suitable for capturing cohort patterns, we could not use them to apply age-period-

cohort analysis. The obesity prevalence data (Ng et al., 2014; NCD Risk Factor Collaboration, 

2016; Abarca-Gómez et al., 2017) used in this thesis consist of the available data based on 

measurements, supplemented with estimates when no data were available for specific 

countries and years. While the obesity data are validated, the data for countries that had less 

data available, like the CEE countries, should be treated with some caution (Ng et al., 2014; 

NCD Risk Factor Collaboration, 2016). These obesity data might have had an impact in our 

results, but in a systematic way (systematic bias). 

Data availability was also an issue for the RRs, as both age- and sex-specific data derived from 

European studies only are missing. This lack of data influenced the methods we chose to apply 

(see below). In addition, although the relative risks of mortality associated with obesity likely 

differ across European countries, because of data limitations, we had to use a common RR for 

all of the European countries studied. This restriction certainly had an impact in our results, 

although the exact direction of this effect is unknown, as no relevant information is available. 

However, when we compared the RRs from worldwide studies with the RRs from European 

studies, we found that the latter were 7.6% higher, while the respective OAMF estimate was 

41% higher (see Chapter 2). These results provide us with an indication of the potential impact 

if the RRs indeed differed across countries. 
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A similar problem arose regarding the plausible changes in RRs over time. The literature for 

the US has demonstrated that RRs have been changing over time, but some studies found a 

decline (Flegal et al., 2005; Mehta & Chang, 2011; Yu, 2012), while others found an increase 

(Yu, 2016). However, as there is no existing research that has investigated these issues in 

Europe, we were limited to using the time-constant RRs. This choice might have had an impact 

in our estimates of the time trend, although we used recent RRs to ensure that the current 

levels were estimated as precisely as possible. When keeping the RRs constant, it is impossible 

to take into account the changes that are happening over time, such as improvements in 

medical care, and especially advances in the treatment of cardiovascular disease, which may 

have influenced the relationship between obesity and total mortality. Moreover, when 

keeping the RRs constant over time, causes not related to obesity, such as fluctuations in all-

cause mortality due to improved medical care or lower rates of smoking, can have an influence 

on the resulting OAMFs. 

The third limitation of this PhD thesis was that the abovementioned data availability issues 

limited our ability to use advanced techniques (e.g., the cause-of-death approach and more 

advanced methods within the all-cause approach) to estimate obesity-attributable mortality. 

In order to apply cause-specific approaches, we need to have very detailed data on both BMI 

distribution and causes of death. For a study that covers a large number of European countries 

over a longer period of time, too little data of this kind are readily available. Among the all-

cause approaches, we were limited to using only the methods allowed by our data; namely, 

the partially adjusted approach, the weighted sum approach, and the two approaches 

combined. If, however, obesity prevalence data of the decedents, mortality data linked with 

obesity data, and unadjusted RRs had been readily available, we would have been able to 

apply more advanced estimation methods as well (Flegal et al., 2015). The use of such 

methods would have inevitably had an impact on the outcomes, as our evaluation study in 

Chapter 2 showed.  

6.5. Recommendations for future research  

This thesis provided detailed insights into the impact of obesity on mortality in European 

countries. At the same time, it shed light on gaps in our current knowledge, and thus on areas 

of potential interest for future research. An important question that arises in studies of the 

burden of obesity is how estimates of obesity-attributable mortality can be improved. There 
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are three main research directions that could address this issue: namely, a) the collection of 

comparable obesity prevalence data; b) the collection of more specific RR data (country- and 

time-specific data); and c) the use of indexes other than BMI to capture obesity. Such 

innovations could provide better and more comparable estimates of obesity-attributable 

mortality, now and in the future.  

a) Comparable obesity prevalence data  

Obesity prevalence data that both cover a long period of time and are comparable across 

countries were not available when this PhD thesis was started. The subsequent publication of 

comparative obesity data sources (BMI≥30kg/m2) that were based on the available data, and 

were supplemented with model estimates when the necessary data were not available (Ng et 

al., 2014; NCD Risk Factor Collaboration, 2016; Abarca-Gómez et al., 2017) (see 6.4.2 for 

further details), was very helpful for our purposes. Nevertheless, in the European context, 

longitudinal studies that provide measured obesity data that are comparable across countries 

would give researchers a great tool to use in future obesity studies. Conducting such studies 

would be especially helpful in the CEE countries, where the existing data are very scarce.  

Specifically, the all-cause approaches would benefit from the inclusion of better data related 

to obesity prevalence in general and obesity prevalence among the decedents, and from the 

identification of the best index for defining obesity at the population level and RR data (see 

next subsection). The cause-specific approaches would benefit greatly from measured BMI 

distribution data, which currently are not readily available for European countries, especially 

for longer time periods.  

Furthermore, future studies could provide important information on obesity indexes that use 

measures other than BMI, such as waist circumference, maximum weight in a lifetime, body 

weight trajectories, BMI distribution data (mean values and standard deviation) (see 

subsection: c) Exploration of indexes that could capture obesity better than BMI). These data 

are essential when applying more advanced estimation techniques for measuring obesity-

attributable mortality, and may provide more accurate estimates. 

b) More specific RR data 

This thesis also showed that there are gaps in knowledge and data on RRs. In particular, we 

lack knowledge about the plausible changes in RRs over time, the extent to which RRs differ 
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according to the country-specific context, and the non-availability of data on RRs unadjusted 

for confounding. The existing studies on the plausible changes in RRs over time produced 

contradictory findings, and were focused exclusively on the US, as mentioned previously (see 

6.4.2). Thus, studies are needed that can shed light on the question of whether there are 

plausible changes in RRs in Europe  (Mehta & Chang, 2011); and that can give essential 

information on the changes, if any, in the relationship between obesity and all-cause mortality 

that are occurring because of improvements in medical care, the better management of 

cardiovascular disease, and the decline in cardiovascular mortality.   

Moreover, there is no existing research on potential differences in RR values across European 

countries. Cohort studies that estimate in a comparable manner the RRs in European 

countries, which could be then used for cross-country comparisons, are needed to disentangle 

this question (Mehta et al., 2017). Furthermore, the lack of availability of RRs that are 

unadjusted for confounding was a limiting factor in the methods we were able to use to 

estimate obesity-attributable mortality (see 6.4.2 and Chapter 2). Thus, studies that provided 

more detailed information on RRs and on non-adjusted RRs data would improve our estimates 

of obesity-attributable mortality.   

c) Exploration of indexes other than BMI to capture obesity  

A Body Mass Index of ≥30kg/m2 is the most widely used measure of obesity, mostly because 

it is convenient, as it only requires information on height and weight. Yet BMI has several 

limitations (National Research Council, 2011). One of the main criticisms of BMI is that it does 

not give any information on body fat and muscle composition, and it does not distinguish 

between central obesity or adiposity (i.e., increased fat accumulation surrounding the intra-

abdominal organs) and peripheral adiposity (i.e., accumulation of excess fat in the buttocks, 

hips, and thighs), even though the former has been found to have a more negative effect than 

the latter (Oliveira, Andreia et al., 2010; Oliveira, A. F. et al., 2010; Zheng et al., 2013). In older 

adults, BMI use has several limitations due to the differential loss of muscle and lean body 

mass that accompanies ageing, and to illness-related weight loss (National Research Council, 

2011). Thus, the normal weight range in older adults might be slightly higher; i.e. ≥23 kg/m2 

(Starr & Bales, 2015). 

Previous research in the US looked at the use of other indexes, including BMI trajectories, 

maximum weight in the lifespan, waist circumference, and waist-to-hip ratio (Zheng et al., 
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2013; Stokes, 2014; Howell et al., 2017). The results of these studies suggested that the 

association of these indexes with mortality is promising (Zheng et al., 2013; Stokes, 2014; 

Howell et al., 2017). Thus, future research in Europe could focus on replicating these findings, 

and on further exploring the question of the potential role of the duration of obesity on 

mortality risk (Abdullah et al., 2011). 

With more comparable, detailed, and accurate data, the estimation of the mortality burden 

of obesity now and in the future can be further improved. For example, it would then become 

feasible to include the cohort dimension when projecting obesity prevalence, and, 

subsequently, obesity-attributable mortality. 

6.6. General implications for society and recommendations for policy-makers 

This PhD thesis showed that the mortality burden of obesity (OAMF, PGLE) at the population 

level is significant and is increasing over time, with important cohort effects. It also revealed 

that there are important variations in the mortality burden of obesity, and in the development 

of this burden, across European countries. Furthermore, this thesis showed that the obesity 

epidemic is projected to further increase, reaching a maximum level of at least 25% between 

2026 and 2054 in European countries. These findings have important implications, as they 

indicate that obesity and its associated burden warrants further attention from both societies 

and public health policy-makers.  

The outcomes of this thesis clearly show that the obesity epidemic is a serious challenge not 

just in the US, but in European societies, which are increasingly burdened by obesity. We 

argue that action should be taken to tackle the current and future obesity epidemic, since in 

addition to health effects, obesity has economic and social consequences (Harvard School of 

Public Health, 2018b), and thus affects societies in multiple ways. In terms of health effects, 

obese individuals face a higher risk of developing several comorbidities, as we mentioned 

previously (see 1.5, 1.6). Moreover, our findings suggest that obesity-attributable deaths and 

the effects of obesity on life expectancy are increasing over time. The health care costs 

associated with obesity are also thought to be considerable. For instance, in 2014, the 

economic impact of obesity was estimated to be 2.0 trillion US dollars globally, or 2.8% of the 

global gross domestic product (GDP) (Dobbs et al., 2016). In Europe, obesity has been shown 

to account for between 5% and 7% of health care costs (Finkelstein et al., 2005). Obesity has 

also been recently recognised as a source of stigma, which is in itself a significant cause of 
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health inequalities, and is associated with physiological and psychological consequences, such 

as increased depression and anxiety levels and decreased self-esteem (WHO, 2018).   

As obesity constitutes a considerable burden for societies and a major public health concern, 

a wide range of obesity-related public health policies have been developed and implemented 

across the globe [i.e., (World Health Organization, 2014; European Association for the Study 

of Obesity, 2017; Paxman & Parkhurst, 2018). Although these policies were not able to prevent 

or fully tackle the epidemic, some important lessons have been learned from the 

implementation of these measures that can guide the development of future policies.  

First, this study found that obesity constitutes a significant burden, and that effective public 

health policies for limiting the spread of the obesity epidemic in Europe are warranted.  

Second, improvements in knowledge about obesity are needed, especially in Europe. 

Specifically, future studies should give a comprehensive overview of the obesity epidemic and 

the obesity burden, providing temporal (including birth cohorts) and cross-country 

information on obesity trends, and exploring the underlying drivers. As this thesis has 

demonstrated, research that better describes the obesity burden can help to guide the design 

of effective policies.  

Third, this thesis has shown that there are large variations in obesity and its associated burden 

across European countries and its regions, and especially between Central and Eastern Europe 

and the rest of Europe. It has been argued that key to formulating successful interventions 

and policies is the recognition of local factors and particularities. Thus, having an accurate, 

individualised picture of each country is essential for the development of “tailor-made” 

strategies for different countries (Cuschieri & Mamo, 2016). A further step is recognizing that 

a single approach, even if it is specific to a country, cannot be effective for all individuals and 

groups of people. Therefore, tailor-made strategies that address different groups of people 

should be used whenever possible to complement the specialized strategies for each 

individual country.  

Fourth, the large variations observed across countries are related to individual and contextual 

factors that modify the risk of obesity. As obesity is a disease that is affected by many factors 

– and is thus a multifactorial disease – treating it requires multi-level interventions. As several 

working groups have recognised, it is essential that the factors that affect obesity at all levels 
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are addressed, including individual behavioural factors, social and physical conditions, and 

national and local policies (Stevens et al., 2017; Paxman & Parkhurst, 2018) In addition to 

recommending multi-level interventions, several working groups have noted the importance 

of multi-sector interventions, or actions between two or more sectors. Such interventions 

may, for example, include the government, health, agro-food, transport, and educational 

sectors, based on “a health in all policy” approach (Stevens et al., 2017; Paxman & Parkhurst, 

2018). According to the WHO, a health in all policy is defined as “an approach on health-

related rights and obligations. It improves accountability of policymakers for health impacts 

at all levels of policy-making”. Thus, this approach further highlights the need to focus on 

health.   

Fifth, the contributions of birth cohort effects that were revealed in our thesis point to the 

importance of interventions starting early in life, which should encourage the development 

and maintenance of lifelong healthy eating and physical activity patterns (WHO, 1998). Such 

interventions are needed not only in countries with birth cohorts at increasing risk, but in all 

countries, as they represent effective preventive measures. Furthermore, these policies can 

complement period-focused policies, such as the taxation of sugary foods and drinks, 

improvements in the quality of the food provided at schools, and efforts to decrease the price 

of healthy foods. Such interventions have already been shown to be at least moderately 

effective (Paxman & Parkhurst, 2018).  

It is important to note that we looked at the mortality burden of obesity only, even though 

the burden of obesity is not limited to mortality, as it affects societies in many different ways 

(morbidity, quality of life, economic burden, etc.). In light of our observations of current 

conditions and based on our projections, it appears likely that obesity will increase further in 

the future, and will become a significant public health problem in all countries, including in 

countries that currently have relatively low obesity prevalence levels. Although our forecast 

indicates that there will be a turning point in the epidemic in the future, it is important to keep 

in mind that such a shift will not happen naturally. Thus, public health action on obesity is 

more important than ever before. 

The abovementioned policies are therefore essential, not only for tackling the obesity 

epidemic, but for improving the overall health and well-being of populations across Europe, 

today and in the future.  
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English Summary 

The obesity epidemic in Europe: Assessing the past and current mortality burden and the future of 

obesity. 

Obesity is considered one of the biggest public health challenges of the 21st century, not only because 

of its epidemic nature, but also because of its serious health effects. As obesity is associated with a 

higher risk of developing a range of diseases, and, ultimately, of mortality, it represents a considerable 

threat to the health of populations. This threat is especially relevant in Europe, which has been hit hard 

by the obesity epidemic. Europe is currently the region with the second-highest obesity prevalence 

levels worldwide after the US. Given that large numbers of Europeans are suffering from obesity, 

gaining a deeper understanding of the future progression of obesity in Europe, and of its associated 

mortality burden, is essential. 

Despite the importance of research on obesity, detailed knowledge of the mortality burden of obesity 

in Europe, and of how it is changing over time, is limited. Most previous research on the mortality 

burden of obesity focused on the USA, or on a single European country. Moreover, most of these 

studies focused on the mortality burden at a single point in time. As a result, we lack a comparative 

framework of the mortality burden of obesity in Europe, and of the time trends in the development of 

this burden.  

The main objective of this thesis was to provide new and detailed insights into how obesity affects 

mortality levels and trends at the population level in Europe, and how the obesity epidemic in Europe 

is likely to develop in the future.  

In this thesis, a multidisciplinary approach was applied that combined knowledge, methods, and data 

from both demography and epidemiology. For the analysis, recent demographic and epidemiological 

data were used, and advanced demographic and statistical modelling techniques were applied. By 

applying both a cross-country approach and a temporal approach (by focusing on past and future 

trends), detailed comparable information with considerable public health relevance was obtained.  

Chapter 1 presented background information, and framed the problem and the research questions. It 

also described the recent state of the art in the following areas of obesity research: the mortality 

burden associated with obesity, especially in terms of obesity-attributable mortality; the impact of 

obesity on all-cause mortality/life expectancy; and the future burden of obesity. 

Chapter 2 attempted to determine which methods for estimating obesity-attributable mortality can 

be applied in a European setting when taking a temporal approach. More specifically, the impact of 

these methods on the levels and trends in obesity-attributable mortality was evaluated for the 
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