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1.1. Problem statement 

Obesity, defined as a Body Mass Index (BMI) of ≥30 kg/m2 (WHO, 1998), has been increasing 

worldwide since the 1980s, to the point that it is now considered a global epidemic (Finucane 

et al., 2011). Europe has been hit hard by this epidemic, as it is currently the region with the 

second-highest obesity prevalence worldwide (in 2014, the average prevalence across the EU 

member states was 15.9%) (Eurostat, 2016), after the United States of America (US) (36.5% in 

2011-2014) (OECD, 2014). There are, however, substantial variations in obesity prevalence 

levels between individual European countries (Eurostat, 2016).  

Obesity is considered one of the biggest public health challenges of the 21st century (WHO, 

2018a), not only because of its alarming prevalence rates, but its serious health effects. 

Compared to their non-obese counterparts, obese individuals are at higher risk of developing 

a range of diseases, including type II diabetes, several types of cancer, cardiovascular disease, 

(Guh et al., 2009), some of the so-called non-communicable diseases (NCDs) (WHO, 2018b). 

Obese people also face an elevated risk of all-cause mortality (Global BMI Mortality 

Collaboration, 2016). 

As younger generations are exposed to environments that are becoming increasingly 

obesogenic (Reither et al., 2009), we can expect that the health burden of obesity will continue 

to rise, thereby posing considerable threats to the health of populations. Thus, there is an 

urgent need to estimate the health burden of obesity, especially at the population level, in 

order to acquire knowledge about the scale of the problem that can be used to guide public 

health policies.  

Studies on the health burden of obesity at the population level generally consider both 

morbidity (disease burden) and mortality (death burden). As the effect of obesity on mortality 

is growing, this thesis will focus on mortality.  

Earlier studies on the mortality burden of obesity were mainly seeking to describe the 

magnitude of the problem (e.g., (Allison et al., 1999; Flegal et al., 2005). The relatively few 

comparative studies on this topic have shown that in Europe, obesity’s toll is especially 

worrisome. According to the Institute for Health Metrics (WHO, 2005; Institute for Health 

Metrics GBD 2016, 2018),  which defines a BMI of 23 kg/m2 as high (even though this definition 

contradicts the broadly used definition of normal weight range (18.5≥BMI≤24.9) (WHO, 1998), 
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Europe ranks first among global regions in terms of mortality attributed to high BMI. However, 

the Institute for Health Metrics provides estimates for a wide BMI range, and does not publish 

estimates that pertain solely to obesity (Institute for Health Metrics GBD 2016, 2018). The few 

available studies that have considered the role of obesity only, have demonstrated that the 

share of deaths that can be attributed to obesity (i.e., obesity-attributable mortality, or the 

fraction of deaths in a population that would be avoided if obesity were eliminated from that 

population) was 8% in the former EU-15 (Banegas et al., 2003); or, based on more recent 

findings, was 9% on average in Europe  (Global BMI Mortality Collaboration, 2016).  

While these previous studies on the mortality burden of obesity yielded valuable insights, they 

had a number of limitations. First, previous estimates of obesity-attributable mortality that 

were obtained by applying different methodologies cannot be readily used for comparative 

purposes (Flegal et al., 2015). Second, as most of these earlier studies focused on one specific 

point in time (i.e. Allison et al., 1999; Banegas et al., 2003; Flegal et al., 2004; Flegal et al., 

2005), there is lack of knowledge about how obesity-attributable mortality has evolved over 

time. An exception is the Global Burden of Disease (GBD) study, which provided regular 

estimates of mortality at five-year time intervals from 1990 onwards, and has very recently 

started providing these estimates at one-year intervals (Institute for Health Metrics GBD 2016, 

2018). Moreover, most studies that assessed the impact of obesity on life expectancy, which 

is another way to estimate obesity’s effect on mortality (Olshansky et al., 2005; Preston & 

Stokes, 2011), also focused on a unique point in time only. Third, most previous studies on 

obesity-attributable mortality focused on the US (i.e. Allison et al., 1999; Flegal et al., 2004), 

presumably because the epidemic is at a more advanced stage in the US, and because more 

data are available for that country. Thus, there is a lack of knowledge about this issue in 

Europe, where variations in obesity prevalence across countries could result in differences in 

obesity-attributable mortality. Fourth, most previous studies on obesity-attributable did not 

acknowledge that obesity and obesity-attributable mortality are complex phenomena that are 

affected not only by age and period (calendar year), but by birth cohort (group of individuals 

born in the same time period) (Reither et al., 2009; Diouf et al., 2010). Fifth, as obesity is an 

evolving epidemic, it is crucial that we forecast future obesity levels by taking into account the 

underlying wave pattern that is characteristic of an epidemic, which has not been done in 

previous research. 
9 

 
 

As it is apparent that Europeans are suffering from obesity, it is essential that we gain a deeper 

understanding of the associated mortality burden and the likely future progression of obesity 

in Europe. Given these gaps in the research, it is increasingly urgent that we provide past, and 

present estimates of obesity-attributable mortality and its effects on all-cause mortality and 

life expectancy, and future estimates of obesity for European countries. Moreover, by 

estimating obesity’s evolution and impact on mortality at the population level, we can gain a 

better understanding of the current and future magnitude of the problem and its effects on 

health services, which can be used to inform public policies. To explain and describe this 

impact, it is essential that we have information on the time trends in obesity-attributable 

mortality, and on the differences in these trends across countries and birth cohorts. 

1.2. Objective, research questions, and novelties  

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 assesses the evolution of obesity-attributable mortality 

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

knowledge acquired through this investigation to predict future obesity.  

The research questions that guided this study are: 

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? 

This study encompasses several novelties. First, this study focuses on European countries. 

Whereas considerable research on this topic has been conducted in the US, the number of 

studies on obesity-attributable mortality and its effects on all-cause mortality levels in Europe 

is small. Second, it gives information about how these effects differ across European countries 

by applying a similar methodology to estimate obesity-attributable mortality. Third, in 

contrast to most previous studies, it examines time trends, rather than focusing on a single 
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point in time. Fourth, in light of the complexity of the obesity epidemic, it assesses age, period, 

and birth cohort effects, as well as patterns in past obesity and obesity-attributable mortality 

trends. Fifth, based on the obesity epidemic idea, this research uses the detailed knowledge 

acquired through this investigation of past trends and variation in these trends across 

countries to build a stronger foundation for estimating the future evolution of the obesity 

epidemic.  

1.3. The obesity epidemic 

Over the last three decades, levels of obesity, defined as a Body Mass Index (BMI) of ≥ 30 kg/ 

m² (WHO, 1998), have increased dramatically. According to the nutrition transition theory, this 

trend was caused by considerable shifts in the structure and the overall composition of dietary 

and physical activity patterns, from a previous pattern of receding famine to a pattern 

dominated by nutrition-related NCDs. These changes, which include lower activity levels and 

increased consumption of processed and calorically dense foods, like fat and sugar, are 

associated with nutrition-related outcomes such as obesity (Popkin, 2006). These shifts reflect 

developments in economic conditions, income levels, demographic characteristics, and 

household production patterns (Popkin, 2006) that have contributed to an environment that 

promotes obesity; the so-called obesogenic environment (Swinburn et al., 1999). These shifts 

have not occurred simultaneously around the globe, as there are important contextual 

differences between countries (Popkin, 2006). Such developments, are however, currently the 

norm in Western societies (see 1.3.1 for more information on the contextual versus the 

individual determinants of the obesity epidemic).  

The first indications that obesity was increasing were in the US and Europe at the end of the 

1970s (Popkin et al., 2012). While researchers began describing obesity as a public health 

problem in the 1980s in the US and the UK, the issue was initially considered irrelevant 

elsewhere (James, 2008). It was not until 2000 that the World Health Organization recognised 

obesity as a global epidemic by publishing a report that called for acknowledging, preventing, 

and managing obesity (WHO, 1998). 

The term epidemic is commonly used in the literature to describe obesity (WHO, 2000; Roth 

et al., 2004; i.e. Prentice, 2006), mainly because obesity has increased rapidly, reaching 

record-high levels. The development of an epidemic is best described by a wave pattern, in 

11 
 
 

which an initial increase is followed by a plateau, and then a decrease. This framework has 

recently been applied to the obesity epidemic (Xu & Lam, 2018), but has not yet been 

thoroughly studied.  The term epidemic will be used in this thesis despite its shortcomings, 

which include the current lack of a clear definition of the term, or a clear projection of when 

it might end (Lopez et al., 1994; Cliff & Haggett, 2006; Flegal, 2006; Xu & Lam, 2018).  

As the younger generations are being exposed to environments that are even more 

obesogenic than those experienced by previous generations (Reither et al., 2009), we can 

expect that the obesity epidemic will continue to pose considerable threats to population 

health.  

1.4. Obesity prevalence in Europe, levels and trends 

According to 2016 estimates, 13% of the world’s adult population (11% of men and 15% of 

women), or over 650 million individuals, were obese (WHO, 2017). The US is the country with 

the highest prevalence: in 2014, an estimated 36.5% (34.3% of men and 38.3% of women) of 

Americans were obese (OECD, 2014; Ogden et al., 2017). In a comparison of obesity levels 

between regions of the globe, Europe ranks second after the US, with an estimated average 

prevalence of 15.9% across the EU member states. In Europe, men and women have nearly 

the same obesity levels: in 2014, 16.1% of men and 15.7% of women were classified as obese 

(Eurostat, 2016).  

The obesity epidemic in Europe is, however, far from uniform, as the obesity level is almost 

three times as high in some countries as in others (Eurostat, 2016). The lowest obesity levels 

have been reported in Italy (10.7%) and the Netherlands (13.3%), and the highest obesity 

levels have been reported in the UK (26.2%) and Malta (26.0%) (Eurostat, 2016; Baker, 2018). 

Broken down by region, it appears that Central, Eastern, and Southern Europe have higher 

obesity prevalence rates than Western and Northern Europe.  

These large differences in obesity prevalence levels across Europe can be at least partly 

explained by differences in individual and contextual factors, such as socioeconomic 

conditions and lifestyle and nutritional factors (Berghofer et al., 2008). Specifically, there are 

substantial socioeconomic disparities across Europe (Hruby & Hu, 2015) that affect the obesity 

risk. People with lower socioeconomic status tend to be at greater risk of becoming obese 

(Monteiro et al., 2004; Hruby & Hu, 2015), possibly because they have limited access to health 
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care and education, insufficient income to purchase healthy foods, and limited access to 

opportunities to engage in physical activity (Malik et al., 2013). Yet such associations are not 

straightforward at the population level: for reasons that are not clear, wealthier countries may 

report having obesity levels that are similar to those of poorer countries (Blundell et al., 2017).  

Nutritional factors seem to explain some of these differences. European countries vary 

considerably in terms of their food availability, cultural values, local food habits and traditional 

foods, and alcohol consumption levels (Blundell et al., 2017). For instance, Southern European 

countries seem to be abandoning the traditional Mediterranean diet, which is inversely 

associated with obesity risk (Panagiotakos et al., 2006; Kontogianni et al., 2008), and to be 

moving towards adopting less ‘healthy’ dietary patterns. Food availability also varies between 

countries. For example, fruits and vegetables are much more widely available in Southern 

Europe than in the CEE (Pomerleau et al., 2003); whereas until recently, the supply of dairy 

products was greater in Western and Northern Europe than in other regions (Birt et al., 2017). 

Meanwhile, physical activity levels are much lower in Southern and Central Eastern European 

countries than in Western and Northern European countries (Martinez-Gonzalez et al., 2001).  

These  factors help to explain the differences in obesity prevalence between the European 

regions, but more research is needed to fully disentangle them (Blundell et al., 2017).  

When examining obesity prevalence trends, several crucial pieces of information and patterns 

emerge. The worldwide prevalence of obesity nearly tripled between 1975 and 2016 (WHO, 

2017). In the US, the magnitude of the increase in obesity was even greater between 1980 

and 2008, which resulted in the US having the highest levels of obesity in the world (Finucane 

et al., 2011; Global BMI Mortality Collaboration, 2016). For example, among US adults aged 

20-74, the age-standardized obesity prevalence increased from 15.0% in 1976-80 to 34.3% in 

2007-2008 (NHANES) (Ogden & Carroll, 2010). While precise, reliable data on obesity 

prevalence for Europe is missing for this period, it is clear that obesity has been increasing in 

Europe since the 1980s – albeit at a slower pace than in the US, and with differences across 

the regions (Finucane et al., 2011; NCD Risk Factor Collaboration, 2016). In some European 

countries, a threefold increase in obesity prevalence between 1990 and 2010 has been 

reported (WHO, 2009; WHO, 2018a). 
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When BMI trends are considered, we see that for men, the average BMI has been increasing 

a bit more rapidly in Western and Central Europe than in Eastern Europe (0.6, 0.4, and 0.2 

kg/m2 per decade, respectively), and rose at a pace of 1.1 units from 1980 to 2008 in the US 

(Finucane et al., 2011). For women, BMI increased 0.4 units per decade in Western Europe, 

remained relatively stable (0.2 kg.m2 per decade) in Central and Eastern Europe (CEE), and 

increased 1.2 kg/m2 in the US (Finucane et al., 2011). 

Why the obesity epidemic began earlier and progressed more rapidly in the US than in Europe 

is a research question that deserves attention. A number of hypotheses have been proposed 

to explain these international differences, including one that cites a change in the US 

agricultural and food policy tool (farm bills) in the 1970s that facilitated the production of low-

cost products, such as corn and soybeans, which were used to produce additives, such as corn 

syrup and hydrogenated vegetable oils (Alston et al., 2006; Schoonover & Muller, 2006). This 

shift in turn resulted in considerable changes in the food supply, such as greatly increased 

food production, which led to bigger food portions; the extensive use of sweetening agents; 

and the greater availability of affordable, energy-dense food (Rodgers et al., 2018). However, 

as was already mentioned, nutritional factors related to food availability, cultural values, local 

food habits and traditional foods that differ between the US and Europe also contributed to 

the observed variation. 

Europe adopted similar changes in food production at a later stage, and at lower levels. Among 

the reasons for this delayed response are that Europe has stricter agricultural policies than 

the US (Cutler et al., 2003). Moreover, European countries differ from the US in terms of their 

socioeconomic conditions, food policies, access to food technology (Cutler et al., 2003), 

cultural values, local food habits, and traditional foods (Blundell et al., 2017). Such differences 

exist not only between the US and Europe, but across European countries. 

1.5. The burden of obesity at the individual level 

Obesity constitutes a major health burden, and negatively affects almost every aspect of a 

person’s health. Obesity increases the risk of developing various comorbidities, and adversely 

affects quality of life. Obesity also has a marked impact on life expectancy, as it shortens the 

average life span and increases the risk of premature mortality (Fontaine et al., 2010).  
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When BMI trends are considered, we see that for men, the average BMI has been increasing 
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1.5. The burden of obesity at the individual level 

Obesity constitutes a major health burden, and negatively affects almost every aspect of a 

person’s health. Obesity increases the risk of developing various comorbidities, and adversely 

affects quality of life. Obesity also has a marked impact on life expectancy, as it shortens the 

average life span and increases the risk of premature mortality (Fontaine et al., 2010).  



Chapter 116   |

14 
 
 

Thus, the effects of obesity on health are long-lasting. Being obese is associated with an 

increased risk of developing a plethora of diseases, including type II diabetes, several types of 

cancer (e.g., cancers of the breast, colon and rectum, endometrium, oesophagus, kidney, 

ovary, and pancreas), cardiovascular disease, stroke, hypertension, hypercholesterolemia, 

hypertriglyceridemia, arthritis, and asthma (Guh et al., 2009; Harvard School of Public Health, 

2018a). Most of these diseases belong to the spectrum of the so-called non-communicable 

diseases (WHO, 2018c). 

Obesity affects a person’s health through various pathways, ranging from the mechanical 

stress caused by having extra body weight, to much more complex mechanisms involving 

inflammatory processes (Harvard School of Public Health, 2018b). Specifically, obesity causes 

a state of chronic low-grade inflammation that is induced by a variety of hormones produced 

by the adipose tissue. This inflammation plays a central role in the development of obesity-

related health complications (Greenberg & Obin, 2006). The epidemiological evidence 

indicates that the relationship between BMI and mortality follows a J- or a U-shaped curve, 

with increased mortality at both lower and higher BMI levels (i.e. Calle et al., 1999; Seidell et 

al., 1999; Katzmarzyk & Ardern, 2004; Global BMI Mortality Collaboration, 2016). It is 

therefore clear that people who are obese have significantly higher all-cause mortality risks 

that normal-weight individuals (broadly BMI between 20-25 kg/m2), and the more obese a 

person is, the higher his or her relative risk (RR) of mortality is (Global BMI Mortality 

Collaboration, 2016).   

Recently estimated RRs range from 1.27-1.64 (Lobstein & Leach, 2010; Flegal et al., 2013; 

Global BMI Mortality Collaboration, 2016), and show that an obese individual has a risk of 

dying that is 27% to 64% higher than that of a normal-weight person. Thus, the 

epidemiological evidence suggests that obesity has a considerable impact on mortality. The 

effect on mortality of being obese is greater than the effect of being overweight (broadly 

defined as a BMI between 25 and 30 kg/m2) (Ärnlöv et al., 2011; Carlsson et al., 2011), and 

increases as the severity of obesity increases, according to RR estimates by obesity severity 

(Global BMI Mortality Collaboration, 2016).  

Studies that have looked at the years of life lost (YLL) associated with obesity showed that 

there is an association between excess weight and YLL, which increase as obesity increases. 
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This association differs depending on a person’s age, sex, race, and smoking history. For 

instance, Fontaine estimated that at age 50, obese white men can expect to lose four years of 

life; obese white women and black men will lose three years of life; while obese black women 

will experience no reduction in years of life (Fontaine et al., 2003). Finkelstein et al. (2010) 

estimated that at age 18, individuals with a BMI>40 have projected YLL ranging from five (black 

female never smokers) to 12 years (white male current smokers).  

1.6. The mortality burden of obesity at the population level 

Obesity has severe effects on health at the individual level, which, when accumulated, pose a 

threat to the health of populations. Given the general upward trend in obesity and its 

consequences, especially among the younger generations, the estimation of obesity’s burden 

at the population level seems especially important. The health burden of obesity at the 

population level can be viewed in terms of morbidity (disease and disability burden) and 

mortality (mortality burden). Obesity’s effect on morbidity has been extensively studied, and 

the research on this issue in Europe has yielded important knowledge. One way of looking at 

this effect is through the use of Disability-Adjusted Life Years (DALYs), which the WHO has 

defined as “the sum of years of potential life lost due to premature mortality and the years of 

productive life lost due to disability” (WHO, 2018d). In 2010, overweight and obesity were 

estimated to cause 3.8% of DALYs globally (Ng et al., 2014) and 10% of DALYs in Western and 

Central European countries (Loring & Robertson, 2014). 

Another way of looking at the impact of obesity on morbidity is by examining the importance 

of non-communicable diseases (NCDs), like cardiovascular diseases (such as myocardial 

infraction and stroke), cancers, diabetes, and chronic respiratory diseases (such as chronic 

obstructive pulmonary disease and asthma) (WHO, 2018c). Although all regions across the 

globe are suffering from the disease burden of obesity, Europe has been the most affected in 

terms of NCDs. According to the WHO, 85% of the disease burden and 75% of all deaths in the 

European region are due to NCDs. Obesity increases the risk associated with most of these 

NCDs (WHO, 2005; WHO, 2018b). It is therefore clear that obesity has a considerable impact 

on morbidity, especially in Europe. With the progression of the obesity epidemic, the health 

effects of obesity are increasingly resulting in mortality effects. Thus, as the obesity epidemic 
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advances, studying the mortality burden at the population level becomes increasingly 

important.  

This section gives an overview of earlier studies on the mortality burden of obesity, and 

distinguishes between two ways of assessing the mortality burden of obesity: namely, obesity-

attributable mortality (1.6.1) and the impact of obesity on all-cause mortality (1.6.3). It also 

takes into account the age-period-cohort dimension of obesity (1.6.2), and looks at the small 

number of earlier studies that estimated the future trajectory of the obesity epidemic (1.6.4). 

1.6.1.  Obesity-attributable mortality 

The effect of obesity on mortality at the population level is usually estimated with obesity- 

attributable mortality, either by assessing the obesity-attributable mortality fraction (the 

share of deaths in a population that would be avoided if obesity were eliminated from that 

population), or by estimating the obesity-attributable deaths (the share multiplied by all 

deaths in the population) (Mehta & Chang, 2012).  

There are several existing methodologies for estimating obesity-attributable mortality, each 

of which has different data demands. Most commonly, however, the prevalence of obesity 

among the studied population and the relative risk (RR) of mortality associated with obesity 

are the key inputs in such analyses (Flegal et al., 2004; Flegal et al., 2013). 

Previous studies on this topic mainly focused on the US and provided divergent estimates, 

probably due to the use of different methodologies and data (Flegal et al., 2015), The previous 

studies conducted in the US estimated that the obesity-attributable mortality fraction ranged 

from 3% to 15% (Global BMI Mortality Collaboration, 2016). Due to differences in the 

methodologies, data, and time periods used in these studies, the resulting estimates cannot 

be readily compared (Flegal et al., 2015).  

As was previously noted, the existing research on this topic for Europe is limited (Banegas et 

al., 2003; Danaei et al., 2009; Konnopka et al., 2011; Global BMI Mortality Collaboration, 

2016). The few such studies that have been conducted estimated that the mortality fractions 

attributable to obesity are, on average, 8% in the EU-15, or 9% in the European region 

(Banegas et al., 2003). However, as these studies used different methodologies and examined 

different years and different countries, the results of these studies are not comparable.  
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There is also limited research evidence on how obesity-attributable mortality evolved over 

time. One of the few existing studies on this issue, Katzmaryk & Ardern (2004), estimated the 

share of deaths attributable to overweight and obesity in Canada from 1985 to 2000, and 

found that this share increased over time, from 5.1% to 9.3% (Katzmarzyk & Ardern, 2004). 

The Global Burden of Disease study estimated that mortality due to high BMI (BMI 23kg/m2) 

(i.e., not solely to obesity) increased from 1990 (8.7%) to 2005 (12.83%), and then stagnated 

through 2017, the most recent year estimated (12.84%) (Institute for Health Metrics GBD 

2016, 2018). 

Obesity-attributable mortality is an important measure of a population’s health. While 

estimating it is challenging, the levels and time trends of obesity-attributable mortality can 

provide a more detailed perspective on the burden of obesity at the population level, as well 

as important knowledge about the dimensions of the problem that can be used to guide public 

health initiatives.  

1.6.2.  The age, period, and cohort dimensions of obesity 

In studying the time trends in obesity-attributable mortality, it is important to keep in mind 

that obesity is a complex phenomenon with three different dimensions: age, period, and 

cohort. (Reither et al., 2009). Age, period, and cohort effects all refer to some type of 

associated time variation, each of which has its own significance (Reither et al., 2009).  

Age effects represent the distinctive biological and social processes related to the different 

life course stages of individuals (Reither et al., 2009). A person’s age significantly affects the 

implications of being obese, as both physiological and social changes are associated with 

aging, such as declining levels of physical activity (Reither et al., 2009).  

Period effects are observable when individuals are affected by changes over time periods or 

calendar years that influence all age groups simultaneously, such as shifts in cultural, social, 

economic, and physical environments (Reither et al., 2009). In the obesity context, period 

effects are, for example, associated with technological innovations in food preparation, the 

move to less strenuous work, the increased availability and affordability of calorically dense 

foods due to changes in US agricultural policy (Reither et al., 2009). 
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Birth cohort refers to a group of individuals who share an initial event, like birth or marriage, 

in the same time period. These individuals move through life together from in utero to critical 

stages of the life course. In this context, birth cohort membership can indicate the degree to 

which individuals are receptive to societal and social changes. It can also reflect individuals’ 

early life exposures, which can have long-lasting consequences (Bijlsma et al., 2012), especially 

in the obesity context. For example, the younger birth cohorts of today have spent most of 

their lives in obesogenic environments. As a result, they are more likely than members of older 

generations to adopt a calorically-rich diet and a sedentary lifestyle, which predisposes them 

to gain weight – and thus to become obese – either early or later in life (Reither et al., 2009). 

This weight gain may be expected to have long-lasting health consequences.   

There are a few previous studies that examined the age, period, and cohort effects on obesity 

prevalence in the US, France, Ireland, Korea, and Australia (Allman-Farinelli et al., 2008; Kwon 

et al., 2008; Reither et al., 2009; Diouf et al., 2010; Xu & Lam, 2018). These studies provided 

significant evidence that all three dimensions are significant. As all three dimensions affect 

obesity, they might also affect obesity-attributable mortality. Thus far, however, no studies 

have addressed this question directly.  

Yu investigated the age patterns of mortality differentials across cohorts born between 1901 

and 1957, and found that mortality attributable to overweight and obesity was increasing in 

the most recent cohorts in the US (Yu, 2012). Masters examined obesity-attributable mortality 

by birth cohort, and found more deaths among younger than older birth cohorts in the US 

(Masters et al., 2013).  

Thus, there are large gaps in our knowledge of the age, period, and cohort effects on obesity-

attributable mortality, particularly in Europe. Disentangling the distinctive effects of age, 

period, and cohort is especially important for understanding how obesity and obesity-

attributable mortality developed, determining which factors contributed to this increase, and 

enabling us to predict the future.  

1.6.3.  Impact of obesity on all-cause mortality/life expectancy 

Another way of assessing obesity’s mortality burden is by estimating the potential impact on 

all-cause mortality or life expectancy. As obesity has been increasing in recent decades, there 

has been widespread concern about this potential impact (Leon, 2011; Walls et al., 2012).  
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Very few studies have assessed the impact of obesity on life expectancy, except for the work 

of Olshansky et al. and Preston et al., which found that obesity has a life-shortening effect 

(Olshansky et al., 2005; Preston & Stokes, 2011). Both of these studies used as an indicator 

the potential gain in life expectancy (PGLE), defined as “the added years of life expectancy for 

the population if the deaths from a particular cause were removed or eliminated as a 

competing risk of death” (Lai & Hardy, 1999). Olshansky et al. (2005) estimated the potential 

gain in life expectancy (PGLE) due to obesity for the United States in 2000, and found that if 

obesity were eliminated, life expectancy at birth would be higher, ranging from 0.21 to 1.08 

years, depending on gender and ethnicity. Preston et al. (2011) estimated the extent of 

international variation in life expectancy at age 50 attributable to differences in obesity for 16 

countries in 2006. Their study sample was made up primarily of European countries, as well 

as the US. They found that the largest impact of obesity was in the US, where life expectancy 

at age 50 was reduced by 1.54 years for women and by 1.85 years for men. The results further 

showed that in the European countries studied, obesity led to a loss in life expectancy that 

ranged from 0.50 years in Switzerland to 1.19 years in Sweden for men, and from 0.72 years 

in Sweden to 1.37 years in Poland for men. 

Both of these studies looked at the effect of obesity on life expectancy at one point in time 

only. Given that the impact of obesity on life expectancy appears to be especially large in the 

US, but is still considerable in European countries (Preston & Stokes, 2011), the question of 

whether obesity has already affected life expectancy trends has been raised (Alley et al., 

2011). This issue has been debated among researchers, with some scholars suggesting that it 

may be a small contributor to differences in life expectancy trends, but that it is unlikely to 

fully account for them (Alley et al., 2011). Other scholars have argued that the adverse impact 

of obesity has been overshadowed by other factors that have led to improvements in life 

expectancy, such as the decline in smoking and improvements in the treatment of 

cardiovascular diseases and other obesity-related comorbidities (Leon, 2011; Preston & 

Stokes, 2011; Walls et al., 2012). Some authors have asserted that life expectancy gains would 

have been greater without the effect of obesity (Preston & Stokes, 2011), and that the 

decelerating trends in the rate of improvement in mortality in the US in particular are a direct 

consequence of obesity’s impact (Preston et al., 2018).  
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whether obesity has already affected life expectancy trends has been raised (Alley et al., 

2011). This issue has been debated among researchers, with some scholars suggesting that it 

may be a small contributor to differences in life expectancy trends, but that it is unlikely to 

fully account for them (Alley et al., 2011). Other scholars have argued that the adverse impact 

of obesity has been overshadowed by other factors that have led to improvements in life 

expectancy, such as the decline in smoking and improvements in the treatment of 

cardiovascular diseases and other obesity-related comorbidities (Leon, 2011; Preston & 

Stokes, 2011; Walls et al., 2012). Some authors have asserted that life expectancy gains would 

have been greater without the effect of obesity (Preston & Stokes, 2011), and that the 

decelerating trends in the rate of improvement in mortality in the US in particular are a direct 
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In this context, having more information about the current and past impact of obesity on life 

expectancy, especially in Europe, will provide meaningful insights into the overall impact of 

obesity. 

1.6.4.  The future burden of obesity 

In recent decades, obesity has increased dramatically across the globe. As this trend raises 

serious public health concerns, it is very important that we estimate future obesity 

developments, which could turn out to be even more distressing than current trends.  

As the health effects of obesity can be long-lasting, it is possible that the newer birth cohorts, 

will face elevated health risks in the future. As younger cohorts are increasingly exposed to 

obesogenic environments, they are predisposed to developing obesity earlier in life (Reither 

et al., 2009). Thus, they may be obese for longer than previous generations, and could 

therefore experience more severe effects related to obesity as they grow older. 

To estimate future levels of obesity, it is important to assess whether and, if so, when the 

obesity epidemic will reach a plateau, and then turn from an increasing to a declining trend.  

At present, there is some evidence that the increasing trend has levelled off. There is also 

some more contested evidence that a plateau has been reached, and that obesity prevalence 

has started to decrease, especially in children (Salanave et al., 2009; Sharma et al., 2009; Olds 

et al., 2010; Rokholm et al., 2010; Ogden et al., 2012; Visscher et al., 2015).   

For example, several recent studies have reported a stagnation or a levelling off of obesity 

levels in some countries, like the US (Rokholm et al., 2010), Russia, former Yugoslavia, the 

Czech Republic, and Lithuania (Silventoinen et al., 2004). In addition, the stabilization of 

obesity trends has been observed in specific sub-populations, such as in adults with high 

socioeconomic status in regions within Switzerland, France, and Finland (Visscher et al., 2015); 

while a decrease in obesity has been reported in children only (Ogden et al., 2014; Visscher et 

al., 2015), to the best of our knowledge.  

The interpretation of these stagnating trends is not straightforward, and has been a matter of 

controversy in the literature. Some researchers have suggested that obesity levels have 

reached a plateau, while others have argued that bias may have led to the misinterpretation 

of the data, or that this stagnation is only temporary, and will likely be followed by further 
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increases (Visscher et al., 2015). While they conflict in part, these findings provide support for 

the assumption that obesity is following the wave pattern of an epidemic. Currently, however, 

how the obesity epidemic will evolve in general, or in specific countries, remains unknown. 

Previous studies that focused on projecting future obesity prevalence trends have used 

different methodologies and reached different conclusions (i.e. Finkelstein et al., 2012). Some 

of these studies applied linear forecasts based on the assumption  that obesity will continue 

to increase at its current rates (Wang et al., 2008); while others took into account the recent 

evidence indicating that obesity prevalence may be levelling off, and projected that a plateau 

will soon be reached (Schneider et al., 2010; Finkelstein et al., 2012; Thomas et al., 2014). 

Most of these studies focused their attention on the US, and failed to take into account the 

epidemic character of obesity, which implies that the increasing trend will eventually turn into 

a decline (Xu & Lam, 2018).   

Thus, there is a clear need for additional knowledge that can be used to project the future 

evolution of the obesity epidemic. Based on the detailed knowledge acquired through the 

investigation of past trends and variation in these trends across countries, this research is 

helping to build a stronger foundation for estimating the future evolution of the obesity 

epidemic.  

1.7. Approach  

This thesis takes a multidisciplinary approach, combining knowledge, methods, and data from 

both demography and epidemiology. It focuses on the mortality burden of obesity at the 

population level in Europe by using cross-country comparisons and taking a temporal 

approach. 

More specifically, both demographic population-level mortality data and epidemiological 

survey data are used to estimate obesity-attributable mortality. Epidemiological methods, 

such as methods for estimating obesity-attributable mortality, are used in combination with 

demographic methods, such as age-period-cohort analysis, life table techniques, and the (Lee-

Carter) forecasting methodology. 
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By studying the mortality burden of obesity at the population level in Europe, important 

knowledge that has so far been lacking or only very broadly available can be obtained, and 

can be used to discern the problem’s true dimensions.  

A cross-country comparison is considered essential for describing and highlighting the existing 

variations in obesity and in the mortality burden of obesity, as this approach provides insights 

into the differential timing and intensity of the epidemic, and can thus deepen our 

understanding of the general nature of the epidemic. 

This thesis also takes a temporal approach, which has been largely lacking up to now. 

Specifically, the thesis focuses on describing the long-term annual time trends in obesity-

attributable mortality and its effects on all-cause mortality, thereby providing a detailed view 

of the past and the present. In addition, by including the birth cohort dimension, this thesis 

aims to account for the complexity of the obesity epidemic. Moreover, this thesis provides 

estimates of the future evolution of the obesity epidemic. In formulating these estimates, the 

detailed descriptions of the past trends and the existing differences across countries, as well 

as of the underlying wave pattern of obesity epidemic, provide a strong foundation. 

1.8.  Data and methods  

In this thesis, a variety of data and methods from both demography and epidemiology are 

used. These epidemiological data are mainly obesity prevalence data and the RRs of dying 

from obesity. These data are needed to estimate the share of mortality due to obesity.  

Two types of obesity prevalence data are used. First, national health survey data, such as the 

data from the Dutch Interview Health survey, are employed (Centraal Bureau voor de 

Statistiek, 2018). Second, population-level obesity estimates are used. These estimates are 

based on national health survey data when available, but also include estimated data from 

the Global Burden of Disease study (GBD) and from the more recent Non-Communicable 

Disease (NCD) Risk Factor Collaboration study, as they provide comparable estimates for a 

large number of countries and for a long period of time (Ng et al., 2014; Global BMI Mortality 

Collaboration et al., 2016; Abarca-Gómez et al., 2017; Centraal Bureau voor de Statistiek, 

2018).   
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The relative risks of mortality associated with obesity, which are essential for estimating 

obesity-attributable mortality, are derived from different meta-analyses and literature 

reviews. The meta-analysis by Flegal (2013) provides information on sex-specific worldwide 

and European RRs, while the meta-analysis by Wang (2015) provides information on age-sex 

specific worldwide RRs. Furthermore, a review of studies mainly from Western Europe and 

the US by the DYNAMO project provides information on age-and sex-specific RRs (Lobstein & 

Leach, 2010). RRs for specific causes of death are also used (Danaei et al., 2009; GBD 2013 Risk 

Factors Collaborators, 2015) to estimate cause-specific mortality as an intermediate step in 

estimating all-cause mortality attributed to obesity.  

The demographic data used in this thesis include all-cause and cause-specific mortality data 

and the related population numbers. The all-cause mortality and exposure population 

numbers are obtained from the Human Mortality Database (Human Mortality Database, 

2018), while the cause-specific mortality data are retrieved from the WHO Mortality Database 

(WHO, 2016). These data are essential for estimating obesity-attributable mortality deaths 

and rates and the impact of obesity-attributable mortality on overall mortality.  

We employ both demographic and epidemiological methods. To estimate obesity-attributable 

mortality, we evaluate and use various epidemiological methods that fall into two broad 

categories: those that use all-cause mortality data (all-cause approaches) and those that use 

cause-specific mortality data (cause-of-death approaches), which differ from the all-cause 

data in that they estimate the deaths from each cause of death attributed to high BMI, and 

not solely obesity, and then sum these up. We also develop a cause-specific method to capture 

the effect of obesity only.  

Advanced demographic methods are also employed in this thesis. An age-period-cohort (APC) 

analysis is undertaken to disentangle and assess the distinctive effects and patterns of age, 

period, and birth cohort effects in past obesity-attributable mortality trends. Life table 

techniques are used to estimate life expectancy at birth and the impact of obesity on life 

expectancy by estimating life expectancy if obesity-attributable mortality were eliminated. A 

novel approach for forecasting obesity prevalence that takes into account the wave pattern 

of the obesity epidemic was implemented in the well-known Lee-Carter mortality projection 
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demographic technique, and applied to the logit of the obesity prevalence in order to obtain 

estimates of the future evolution of obesity. 

Whenever needed, the smoothing of data and the age standardization of the measures of 

interest are also applied. 

1.9. Thesis outline   

In Chapter 2 of this thesis, the various methods available for estimating obesity-attributable 

mortality are applied, compared, and assessed in terms of their impact on the levels of and 

the trends in obesity-attributable mortality, but also in terms of their advantages and 

limitations. A method that uses a cause–specific approach and captures mortality attributable 

to high BMI (≥23Kg/m2) is also adapted and developed to capture obesity-attributable 

mortality. This chapter focuses on the Netherlands as a case study, but answers the general 

question of which methods can be applied in a European setting when taking a temporal 

approach.  

The second part of the thesis, Chapters 3 to 5, deals with answering the three subsequent 

research questions, as listed in 1.2.  

In Chapter 3, the first research question is addressed by studying the long-term past trends of 

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

Germany, Finland, France, Hungary, Italy, Poland, and the United Kingdom (UK). Furthermore, 

an age-period-cohort analysis is applied to describe the impact and the birth cohort patterns 

in the trends in obesity-attributable in the studied countries.   

The second research question is addressed in Chapter 4, in which the impact of obesity on all-

cause mortality – and, consequently, on life expectancy – is assessed by taking a cross- 

country, temporal approach. Specifically, obesity-attributable mortality is estimated, and then 

the potential gain in life expectancy if mortality due to obesity were eliminated is assessed 

along with the differences between levels, trends, and countries. This study focuses on 26 

European countries in the 1975-2012 period, and uses the US as a comparative country.  

Chapter 5 addresses the third research question by forecasting obesity, while taking into 

account the epidemic wave pattern of obesity, using a novel projection methodology. By 

modifying the Lee-Carter projection methodology so that it can capture the future evolution 
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of obesity as an epidemic (which implies that a maximum level will be reached, and followed 

by a decline), important knowledge will be gained about the stages of the epidemic in the 

countries studied, and about the timing and the future evolution of these stages. This study 

focused on 18 European countries and the US.  

In the final part of this thesis, Chapter 6, the main results are summarized and discussed in 

detail. In addition, the implications of the findings for public health policies, as well as for 

future research questions, are presented.  
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