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Abstract 

Objective: This study assesses the impact of obesity on life expectancy for 26 European 

national populations and the USA over the 1975-2012 period.

Design: Secondary analysis of population-level obesity and mortality data. 

Setting: European countries, 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, the United Kingdom (UK); and the USA.

Participants: National populations aged 18–100 years, by sex.

Measurements: Using data by age and sex, we calculated obesity-attributable mortality by 

multiplying all-cause mortality (Human Mortality Database) with obesity-attributable 

mortality fractions (OAMFs). OAMFs were obtained by applying the partially adjusted 

method to obesity prevalence data (NCD Risk Factor Collaboration) and European Relative 

Risks (RRs) (DYNAMO). We estimated potential gains in life expectancy at birth (PGLE) by 

eliminating obesity-attributable mortality from all-cause mortality using associated single-

decrement life tables.

Results: In the 26 European countries in 2012, PGLE due to obesity ranged from 0.86 to 1.67 

years among men, and from 0.66 to 1.54 years among women. In all countries, PGLE 

increased over time, with an average annual increase of 2.68% among men and 1.33% and 

among women. Among women in Denmark, Switzerland, and Central and Eastern European 

countries, the increase in PGLE levelled off after 1995. Without obesity, the average increase 
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in life expectancy between 1975 and 2012 would have been 0.78 years higher among men 

and 0.30 years higher among women.

Conclusions: Obesity was proven to have an impact on both life expectancy levels and 

trends in Europe. The differences found in this impact between countries and the sexes can 

be linked to contextual factors, as well as to differences in people’s ability and capacity to 

adopt healthier lifestyles. 

Keywords: Obesity, life expectancy, Europe, USA

Article Summary

Strengths and limitations of the study

• This is the first study to assess the impact of obesity on life expectancy at birth over 

time, and we do so here for 26 European countries and the USA.

• We used recent long-term comparable data on obesity prevalence based on 

population-based measurement studies, and European relative risks of dying from obesity by 

age and sex from a recent meta-analysis.

• Because of remaining data limitations regarding prevalence and relative risks, we had 

to use a fairly simple – albeit common applied - methodology to estimate obesity-

attributable mortality. 
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Introduction

Obesity is a global epidemic (1), with Europe currently ranking second worldwide after the 

USA (2). Over the last 20 years obesity prevalence has increased threefold in Europe, (3) 

although not uniformly across countries (4). Estimates for 2014 indicate that obesity varied 

threefold across European countries, ranging from a low of 9% in Romania to a high of 26% 

in Malta (5). Obesity constitutes a serious health burden at the individual and population 

levels because it is associated with an increased risk of morbidity (6), and mortality (7). 

However, the potential impact of the increase in obesity on life expectancy trends remains 

largely unknown (8).

The few existing studies that assessed the impact of obesity on life expectancy at the 

population level provided estimates at one specific point in time only (9, 10). Olshansky et al. 

found that if obesity was eliminated, life expectancy at birth (e0) in the USA in 2000 would 

be 0.21 to 1.08 years higher, depending on gender and ethnicity (9).  Preston et al. (10) 

estimated for 16 low-mortality countries in 2006 that the reduction in life expectancy at age 

50 (e50) due to obesity was greatest in the USA, at more than 1.5 years; and ranged from 

0.50 to 1.19 years for women and from 0.72 to 1.37 years for men in European countries.

Gaining insight into the impact of obesity on trends in life expectancy is especially 

relevant (11) given the marked differences in life expectancy trends across Europe (12). In 

Western European countries, e0 has been increasing steadily, and has risen six to eight years 

since 1970. But in Central and Eastern Europe (CEE), e0 stagnated or even declined between 

the 1970s and the 1980s, and did not start increasing again until the 1990s. There are also 

marked differences in e0 trends between individual European countries (12). 
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In light of these important differences between European countries in both obesity 

prevalence and life expectancy over time, our aim is to assess the impact of obesity on long-

term trends in life expectancy across a wide range of European countries.

 Data and Methods

Setting

We studied the impact of obesity on life expectancy by sex over the 1975-2012 period in 26 

European countries: 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, the United Kingdom (UK); and the USA as a comparison country (10).

Data

Long-term comparable obesity prevalence data (BMI≥30kg/m2) by country, sex, age (18-19, 

20-24, …, 85+), and year (1975-2012), based on population-based measurement studies, were 

obtained from the NCD Risk Factor Collaboration study (13). These validated data comprise 

the available measured height and weight data, supplemented with estimates based 

on information from other years and related countries from a Bayesian hierarchical model 

(13).

The age- (<50, 50-59, 60-69 and ≥70 years) and sex-specific relative risks (RRs) of 

dying from obesity (see Appendix Table S1) came from a review of studies mainly conducted 

in Western Europe and the USA (14). These age- and sex-specific RRs were largely in line 

with the overall European RR of 1.64 recently estimated by the Global BMI Mortality 

Collaboration (15).
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All-cause mortality numbers and exposure population data by single year of age, sex, 

and year were obtained from the Human Mortality Database (16).

Patient and Public Involvement

No patients were involved in this study.

 Methods

We performed our analyses separately by country and sex, based on data by single year of 

age (18-100). The obesity prevalence data were turned into single-age prevalence (18-100) 

by applying Loess smoothing (17). The RRs were turned into single-year RRs (18- 100) using 

linear regression.

To estimate the obesity-attributable mortality fraction (OAMF) – i.e., the share of all-

cause mortality due to obesity – we used the Rockhill formula to estimate OAMFs by age (a) 

and sex (s) (18). 

𝑂𝐴𝑀𝐹𝑎,𝑠 =
𝑃𝑎,𝑠 ∙ (𝑅𝑅𝑎,𝑠 ― 1)

1 + (𝑃𝑎,𝑠 ∙  (𝑅𝑅𝑎,𝑠 ― 1))(Equation 1)

where P is the obesity prevalence. We then weighted the OAMFa,s with the corresponding 

number of deaths.

For the estimation of the impact of obesity on life expectancy (see 2.3.2) we needed 

age-and sex-specific (non-) obesity-attributable mortality rates. These were obtained by 

multiplying OAMFa,s and [1- OAMFa,s ], respectively, with age- and sex-specific all-cause 

mortality rates. 

To ensure comparability across countries, over time, and between men and women, 

we applied direct age- and sex-standardisation (19) to obesity prevalence, obesity-
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attributable mortality fractions, and obesity-attributable mortality rates, using the European 

population of 2011 (20) as the standard.

To assess the impact of adult obesity on e0, we calculated for each country the 

potential gain in life expectancy (PGLE) if obesity-attributable mortality were eliminated, by 

calendar year and sex. First, we calculated e0 by applying standard life table techniques to 

age-specific all-cause mortality rates (0-100) (19). Second, we applied associated single-

decrement life tables (ASDLT) (19) to age- and sex-specific non-obesity-attributable mortality 

rates (0-100) to obtain e0 if obesity-attributable mortality were eliminated. The PGLE 

represents the difference between the e0 based on the ASDLT and the original e0. 

To summarise the changes in PGLE across countries, we estimated the average 

annual changes in PGLE (in %):

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑎𝑛𝑛𝑢𝑎𝑙 𝑐ℎ𝑎𝑛𝑔𝑒𝑠 𝑖𝑛 𝑃𝐺𝐿𝐸 (%) =

∑
2012

𝑡 = 1976

( 𝑃𝐺𝐿𝐸𝑡 ―  𝑃𝐺𝐿𝐸𝑡 ― 1)

𝑃𝐺𝐿𝐸𝑡 ― 1
 

2012 ― 1975  100

To assess the impact of obesity on time trends in e0 between 1975 and 2012, we 

subtracted the observed change in e0 from the change in e0 without obesity. The change in 

e0 without obesity was obtained by using the e0 values from the associated single-decrement 

life tables applied to non-obesity-attributable mortality for 1975 and 2012.

Results

For the 26 European countries, the age-standardised obesity-attributable mortality fraction 

(OAMF) was, on average, 11% among men and 10% among women in 2012. For the USA, 

these estimates were substantially higher; i.e., 15% and 14%, respectively. The average 
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OAMF levels were higher in Northern, Western, and Southern Europe combined (hereafter, 

Western Europe) than in CEE among men, while the opposite was the case among women. 

OAMFs were increasing over time for all countries and both sexes, although not to 

the same extent (see Figure 1, Figure S1). In Western Europe, OAMFs generally increased 

over the 1975-2012 period, and at a faster pace among men. In CEE, by contrast, OAMFs 

clearly stagnated, and even declined between 1990 and 2000. The overall increase in OAMFs 

was greatest in the USA, Ireland, Norway (men), and the UK (women).

Figure 1: Age-standardised obesity-attributable mortality fractions in 26 European 

countries (by 5 regions) and USA, 1975-2014, 18-100 years

<approximately here>

In the 26 European countries in 2012, estimates of potential gains in life expectancy at 

birth (PGLE) if obesity was eliminated ranged from 0.86 to 1.67 years among men (1.22 on 

average) and from 0.66 to 1.54 years (0.98 on average) among women (Figure 2; Figure S2 

and Table S2 Appendix). Among men in the USA, the PGLE estimate was, at 1.73 years, 

slightly higher than the highest estimate in Europe; and among women in the USA, the PGLE 

estimate was, at 1.44 years, the second-highest after the estimate for Russia. The average 

PGLE estimate was 1.08 among men and 0.86 among women in Western Europe, and was 

1.44 among men and 1.16 among women in CEE (see Appendix Table S2). 
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Figure 2: Potential gains in life expectancy at birth (PGLE) if obesity-attributable mortality 

was eliminated, in 26 European countries (differentiating Western and Central Eastern 

Europe) and the USA, 1975-2012

<approximately here>

Overall, from 1975 to 2012, PGLE due to obesity increased in all of the countries (Figure 

2, Figure S2, Figure 3, 4). The increase was greater among men (average annual increase of 

2.68%) than among women (average annual increase of 1.33%), was largest among men in 

Portugal and Belarus and among women in Portugal, and was substantial among men and 

women in Norway (Figure 3, 4). While there was a general increase in PGLE due to obesity, 

this trend stagnated among women in CEE from around 1990 onwards, and levelled off after 

1995 among women in Denmark and Switzerland. 

Figure 3: Average annual increase (%) in potential gains in life expectancy due to obesity in 

26 European countries and the USA between 1975-2012, in men

<approximately here>

Figure 4: Average annual increase (%) in potential gains in life expectancy due to obesity in 

26 European countries and the USA between 1975-2012, in women

<approximately here>

Table 1 shows the impact of obesity on time trends in life expectancy at birth (e0). 

Overall, the average increase in e0 between 1975 and 2012 was 7.26 years for men and 6.28 

years for women in the 26 European countries. Without obesity, the average increase in e0 

would have been 8.04 years for men and 6.58 years for women; or 0.78 and 0.30 years 

higher, respectively. Among men, obesity had the greatest impact on e0 trends in Lithuania 
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and the USA (more than one year), and the smallest impact in Iceland and Sweden (0.5 

years). Among women, obesity had the greatest impact on e0 trends in the USA and Ireland 

(0.7 years) and the smallest impact in Estonia and the Czech Republic (less than 0.1 year).

Table 1: Impact of obesity on trends in life expectancy at birth (e0) in 26 European 

countries and USA 1975-2012, by sex 

Country Change in e0 with 

obesity 2012-1975 

(years)

Change in e0 without 

obesity 2012-1975 

(years)

Effect of obesity on e0 

change 2012-1975

(years)

Men Women Men Women Men Women

 
Austria 10.62 8.61 11.25 8.95 0.63 0.34
Belarus -0.55 1.43 0.46 1.83 1.00 0.40
Belgium 8.85 7.63 9.46 7.99 0.61 0.36
Czech Republic 7.97 6.98 8.66 7.03 0.69 0.05
Denmark 6.78 5.03 7.40 5.36 0.63 0.33
Estonia 6.43 6.42 7.26 6.46 0.82 0.04
France 9.49 7.99 10.17 8.30 0.68 0.31
Finland 10.07 7.26 10.82 7.75 0.74 0.50
Hungary 5.29 6.18 6.17 6.36 0.87 0.18
Iceland 9.02 5.19 9.51 5.51 0.48 0.32
Ireland 9.40 8.40 10.22 9.10 0.83 0.69
Italy 10.19 8.56 10.81 8.89 0.62 0.33
Latvia 4.91 4.53 5.82 4.70 0.90 0.18
Lithuania 2.01 3.80 3.14 4.06 1.13 0.26
Luxembourg 11.78 9.27 12.50 9.65 0.72 0.37
Netherlands 7.68 5.10 8.26 5.6 0.56 0.49
Norway 7.70 5.33 8.42 5.86 0.74 0.51
Poland 5.90 6.74 6.81 7.00 0.91 0.27
Portugal 12.14 10.87 12.91 11.26 0.77 0.40
Russian Federation 2.05 2.62 3.06 2.89 1.02 0.28
Slovakia 5.65 5.82 6.52 6.16 0.88 0.34
Spain 8.82 8.75 9.62 9.14 0.79 0.39
Sweden 7.69 5.59 8.18 5.93 0.49 0.33
Switzerland 8.98 6.63 9.55 6.93 0.58 0.30
Ukraine 0.48 1.73 1.26 1.94 0.78 0.21
United Kingdom 9.46 6.96 10.20 7.55 0.74 0.59
USA 7.86 4.89 8.90 5.61 1.04 0.71
Average CEE 
countries

countries

4.01 4.63 4.92 4.84 0.90 0.22
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Average Western 
countries

countries

9.10 7.09 9.76 7.50 0.66 0.41

Discussion

Summary of results

In the 26 European countries studied, the share of mortality due to obesity in 2012 was, on 

average, 11% among men and 10% among women. PGLE due to obesity in 2012 ranged from 

0.86 to 1.73 years among men, and from 0.66 to 1.54 years among women. Overall, PGLE 

increased between 1975 and 2012, albeit more quickly among men (average annual 

increase: 2.68%) than among women (1.33%). Among women in Denmark, Switzerland, and 

the CEE countries the increase in PGLE levelled off after 1995. Without obesity, the average 

increase in e0 between 1975 and 2012 would have been 0.78 years higher among men and 

0.30 years higher among women.

Evaluation of data and methods 

Using the recent advances in obesity data, it is now possible to study the impact of obesity 

on life expectancy for a large number of countries and a long period of time. Two 

methodological issues warrant our attention, however. 

First, in calculating the share of mortality due to obesity (OAMF), which also forms 

the basis for our PGLE calculations, we were hindered by limitations in the available 

prevalence and RRs data, which also affected the method used. As has previously been 

documented, OAMF estimates are sensitive to the data and the methods used (21). 

In selecting obesity prevalence data, we used the longest validated time series based 
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on population-based measurement studies that are suitable for studying the impact of obesity 

on long-term life expectancy trends across Europe (13). For those countries with less available 

obesity data – especially CEE countries – a portion of the data we used were modelled, and 

these should be treated with some caution (13). 

Because age- and sex-specific RRs of mortality associated with obesity are not 

available by country and year, we applied to all of the countries studied time-constant age- 

and sex-specific RRs from Western European and US populations that are largely suitable for 

our setting. However, literature for the USA has demonstrated that RRs have been changing 

over time, pointing to both a decline (22-24) and an increase (25). Before implementing 

time-variant European RRs, more information on their direction is required. Similarly, 

comparable country-specific RRs are urgently needed. 

Based on the available data, only a fairly simple – albeit common applied –the 

partially adjusted method could be applied (21) to estimate the OAMFs. The application of a 

more advanced methodology (21) could have affected the OAMFs and thus the PGLE levels, 

but less the trends (26).

Second, besides being the result of the OAMFs, the PGLE estimates can also be 

affected by all-cause mortality levels and trends as age- and sex-specific all-cause mortality 

rates are used to estimate PGLE. Since all-cause mortality fluctuated greatly in CEE in the 

analysed period (12), short-term variations in PGLE in CEE countries should be treated with 

more caution.

Explanation of results 

 In 2012, the PGLE due to obesity were, on average, 1.22 years for men and 0.98 years for 

women in the 26 European countries, and 1.73 years for men and 1.43 years for women in 

the USA. A comparison of our 2006 e50 estimates with those of Preston et al. (10) for the 
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same countries uncovered only small differences, except among men in the USA (our 

estimate was 0.56 years lower) and women in the UK (our estimate was 0.29 years lower) 

(see Appendix Table S3). Given that approximately the same methodology was used to 

estimate the OAMFs, the observed differences are most likely due to the use of different 

obesity prevalence and RRs data. Preston used prevalence data from national representative 

surveys and RRs from the Prospective Studies collaboration (14). 

To further evaluate our observed PGLE levels, we compared them with own PGLE 

estimates for smoking and alcohol (27). Our PGLE estimates for smoking were 2.38 years for 

men and 1.00 year for women in Western Europe, and 3.82 years for men and 0.67 years for 

women in CEE. Our PGLE estimates for alcohol were 0.90 years for men and 0.44 years for 

women in Western Europe, and 2.15 years for men and 1.00 year for women in CEE (27). 

Thus, obesity’s impact on life expectancy lies between that of smoking and alcohol, and can 

be considered significant.

In our study, we found that PGLE due to obesity was increasing, but that this trend 

differed across countries and between the sexes. This overall trend can be explained by the 

general increase in obesity prevalence in European countries (see Appendix Figure S3) (13) 

and the resulting growth in the burden of obesity (3), which is also reflected in the OAMFs 

(Figure 1, Figure S1) in these countries. 

At the same time, parts of the observed variation in the increase in PGLE estimates 

across the USA, Western Europe, and CEE and between the sexes reflect differences in the 

onset, the development, and the impact of the obesity epidemic in these countries and in 

men and women. Across the countries studied, the absolute increase in PGLE was largest 

among women and second-largest among men in the USA. This pattern is in line with 
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evidence showing that between 1980 and 2008, obesity increased much more in the USA 

than in Europe (1, 28). This rapid progression of the obesity epidemic in the USA and its large 

impact on life expectancy has been attributed to an increasingly obesogenic environment 

caused by factors such as changes in food preparation and processes that promote the 

consumption of calorically dense foods, and a pronounced decrease in physical activity levels 

(29). The obesity epidemic has progressed more slowly in Western Europe than in the USA 

(1, 13). However, obesity levels in countries like the UK and Ireland are rapidly approaching 

those in the USA (30), as our PGLE estimates also show.   

In the CEE countries, the PGLE trends track the evolution of the obesity epidemic in 

that region (see Appendix Figure S3). Obesity levels have been higher in CEE than in Western 

Europe since 1980 (31, 32), which suggests that the epidemic started earlier in CEE. As a 

result of this earlier onset, the impact of obesity (as expressed in terms of OAMF and PGLE) 

in the 1970s and 1980s was at times even greater in CEE than in the USA, especially among 

women. While there are many potential explanations for this early onset of the obesity 

epidemic in CEE, the available data indicate that the main factors were the relatively high 

total energy supply and energy intake in CEE in those years (33). 

The overall progress of the obesity epidemic was lower in CEE than in Western 

Europe, and the increase was not constant (1). Indeed, in CEE, increases in obesity 

prevalence (1, 34), OAMFs, and PGLE stagnated in the 1980-2008 period, more pronounced 

in the 1990s (1, 34). This pattern could be explained by the decrease in energy supplies at 

the beginning of the 1990s in CEE (31) resulting from the dramatic economic and political 

changes in those countries (1, 31, 34). Among CEE women, the increase in obesity starting in 

the 1990s was smaller than it was in the previous period, and was smaller than it was among 
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CEE men. The lower risk of obesity observed among women than among men with low 

socioeconomic status (SES) in low-income countries (35) may explain this difference. 

In Western Europe, a stagnation in PGLE levels was observed among women in 

Denmark and Switzerland after 1995. This finding seems to be in line with studies reporting a 

levelling-off of mean BMI since the 1990s (36); and in specific sub-populations, such as 

adults with high SES in regions within Switzerland, Italy, France, and Finland (31). Although 

dietary and physical activity information is spreading equally across socioeconomic groups, 

those with higher SES have a greater ability and capacity to adopt a healthier dietary and 

physical activity pattern (37). In addition, it appears that higher SES women in particular are 

more health-conscious, have healthier food habits, and are more prone to follow nutritional 

recommendations (38) as they are under greater social pressure to be thin (39).  Similarly, 

countries with higher income levels and lower levels of inequality (40), like Switzerland and 

Denmark, tend to have lower obesity levels, especially among women. 

When we considered the impact of obesity on life expectancy in the 26 European 

countries, 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. 

These figures account for approximately 10% of the average change in e0 between 1975 and 

2012 among men, and 5% among women. It is therefore clear that the impact of obesity on 

changes in e0 should not be ignored. Moreover, the impact of obesity on life expectancy 

trends is likely to increase, given that this impact is already substantially greater in the USA 

(13% among men and 15% among women), and that obesity prevalence is still increasing 

rapidly in most European countries (see Appendix Figure S3).

Conclusion and implications
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 Obesity was proven to have an impact on both life expectancy levels and trends in 

Europe. The observed differences in the increase in the impact of obesity across countries 

and between the sexes reflect differences in the onset and the progression of the obesity 

epidemic, and can be linked to contextual factors (economic conditions, obesogenic 

environment, energy supplies), as well as to differences in people’s ability and capacity to 

adopt healthier lifestyles. 

It is likely that in the future obesity will have a larger impact on mortality and life 

expectancy in Europe, as obesity continues to increase in the majority of countries. It is 

therefore crucial that effective public health initiatives are undertaken to tackle the obesity 

epidemic and its effects on public health. Such initiatives should address the multifactorial 

and complex obesity aetiology; the clear differences between countries and the sexes; as 

well as the factors underlying these differences, such as contextual factors and differences in 

individuals’ ability and capacity to adopt healthier lifestyles.
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Figure legends

Figure 1: Age-standardised obesity-attributable mortality fractions in 26 European countries (by 5 
regions) and USA, 1975-2014, 18-100 years

Footnote: 

Countries within the same region are presented with the same colour
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Central Europe: Czech Republic, Hungary, Poland, Slovakia

Eastern Europe: Belarus, Estonia, Ukraine, Latvia, Lithuania, Russian Federation

Northern Europe:  Denmark, Finland, Iceland, Norway, Sweden

Southern Europe:  Italy, Portugal, Spain

Western Europe: Austria, Belgium, France, Ireland, Luxembourg, Netherlands, Switzerland, United Kingdom

USA: United States of America

Figure 2: Potential gains in life expectancy at birth (PGLE) if obesity-attributable mortality was 

eliminated, in 26 European countries (differentiating Western and Central Eastern Europe) and the 

USA, 1975-2012, 18-100 years

Footnote:

Countries within the same region are presented with the same colour

Central Eastern Europe: Belarus, Czech Republic, Estonia, Hungary, Latvia, Lithuania, Poland, Russian Federation, Slovakia, Ukraine

Western Europe:  Austria, Belgium, Denmark, Finland, France, Iceland, Ireland, Italy, Luxembourg, Netherlands, Norway, Portugal, Spain, 

Sweden, Switzerland, United Kingdom

USA: United States of America

Figure 3: Average annual increase (%) in potential gains in life expectancy due to obesity in 

26 European countries and the USA between 1975-2012, in men

Figure 4: Average annual increase (%) in potential gains in life expectancy due to obesity in 

26 European countries and the USA between 1975-2012, in women
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Figure 1: Age-standardised obesity-attributable mortality fractions in 26 European countries (by 5 regions) 
and USA, 1975-2014, 18-100 years.Footnote: Countries within the same region are presented with the 

same colour
Central Europe: Czech Republic, Hungary, Poland, SlovakiaEastern Europe: Belarus, Estonia, Ukraine, 

Latvia, Lithuania, Russian FederationNorthern Europe:  Denmark, Finland, Iceland, Norway, 
SwedenSouthern Europe:  Italy, Portugal, SpainWestern Europe: Austria, Belgium, France, Ireland, 

Luxembourg, Netherlands, Switzerland, United Kingdom
USA: United States of America 
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Figure 2: Potential gains in life expectancy at birth (PGLE) if obesity-attributable mortality was eliminated, in 
26 European countries (differentiating Western and Central Eastern Europe) and the USA, 1975-2012, 18-

100 years
Footnote: Countries within the same region are presented with the same colourCentral Eastern Europe: 

Belarus, Czech Republic, Estonia, Hungary, Latvia, Lithuania, Poland, Russian Federation, Slovakia, Ukraine
Western Europe:  Austria, Belgium, Denmark, Finland, France, Iceland, Ireland, Italy, Luxembourg, 

Netherlands, Norway, Portugal, Spain, Sweden, Switzerland, United KingdomUSA: United States of America 
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Figure 3: Average annual increase (%) in potential gains in life expectancy due to obesity in 26 European 
countries and the USA between 1975-2012, in men 
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Figure 4: Average annual increase (%) in potential gains in life expectancy due to obesity in 26 European 
countries and the USA between 1975-2012, in women 
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Supplementary material  

Table S1: Age-and sex-specific RRs of dying from obesity from the Dynamo project 

(Lobstein et al. 2010) 

 

 

 

 

 

 

 

Reference group for the RRs: normal weight (18-24.9 kg/m2) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Age RR 

Men Women 

<50 1.55 1.5 

50-59 1.539 1.49 

60-69 1.5225 1.475 

70+ 1.495 1.45 
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Figure S1: Age-standardised obesity-attributable mortality fractions in 26 European countries, 

grouped by 5 regions and USA, 1975-2014, 18-100 years 

 

Countries within the same region are presented with the same colour 
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Figure S2: Potential gains in life expectancy at birth (PGLE) if obesity-attributable mortality was 

eliminated, in 26 European countries, grouped by 2 regions and USA, 1975-2012, 18-100 years 

 

Countries within the same region are presented with the same colour 
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Table S2: Potential gains in life expectancy at birth (PGLE) if obesity-attributable mortality 

was eliminated, in 26 European countries (differentiating Western and Central Eastern 

Europe) and the USA, in 1975 and 2012, 18-100 years 

 PGLE 1975 PGLE 2012 

Country Men  Women Men  Women 
Central Eastern Europe (CEE)     
Belarus 0.41 0.79 1.41 1.19 
Czech Republic 0.70 0.98 1.39 1.03 
Estonia 0.55 1.00 1.37 1.04 
Hungary 0.64 0.86 1.52 1.04 
Latvia 0.58 1.00 1.48 1.18 
Lithuania 0.54 1.05 1.67 1.31 
Poland 0.57 0.93 1.48 1.19 
Russian Federation 0.51 1.26 1.53 1.54 
Slovakia 0.43 0.62 1.31 0.96 
Ukraine 0.47 0.95 1.25 1.16 
Average CEE 0.54 0.94 1.44 1.16 
Western Europe      
Austria 0.40 0.39 1.03 0.73 
Belgium 0.55 0.61 1.17 0.97 
Denmark 0.42 0.46 1.04 0.79 
France 0.49 0.53 1.18 0.84 
Finland 0.45 0.40 1.19 0.90 
Ireland 0.38 0.31 1.21 1.01 
Iceland 0.49 0.48 0.97 0.80 
Italy 0.44 0.60 1.06 0.93 
Luxembourg 0.47 0.42 1.19 0.79 
Netherlands 0.29 0.39 0.86 0.88 
Norway 0.34 0.39 1.07 0.91 
Portugal 0.24 0.41 1.01 0.81 
Spain 0.42 0.66 1.22 1.05 
Sweden 0.42 0.43 0.91 0.76 
Switzerland 0.35 0.35 0.93 0.66 
United Kingdom 0.53 0.50 1.27 1.09 
Average Western Europe 0.41 0.48 1.08 0.86 
USA 0.69 0.72 1.73 1.44 
Average European countries 0.46 0.64 1.22 0.98 
Average all countries 0.47 0.64 1.23 1.00 
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Table S3: Potential gains in life expectancy at age 50 (PGLE) if obesity-attributable 

mortality was eliminated, own and Preston estimates, in the same countries studied, in 

2006 

   PGLE e50 2006, 
own estimates 

PGLE e50 2006, 
Preston’s estimates 

 Difference 

 Country       

Men    

Austria 0.81 1.00 -0.19 

Belgium 0.95 0.98 -0.03 

Czech Republic 1.14 1.34 -0.20 

Denmark 0.88 0.82 0.06 

France 0.94 0.99 -0.05 

Italy 0.88 0.90 -0.02 

Netherlands 0.69 0.73 -0.04 

Poland 1.14 1.37 -0.23 

Spain 1.02 1.15 -0.13 

Sweden 0.75 0.72 0.03 

Switzerland 0.77 0.79 -0.02 

United Kingdom 0.99 1.34 -0.35 

USA 1.29 1.85 -0.56 

Women       

Austria 0.62 0.71 -0.09 

Belgium 0.86 0.73 0.13 

Czech Republic 0.87 1.01 -0.14 

Denmark 0.71 0.62 0.09 

France 0.72 0.52 0.2 

Italy 0.84 0.57 0.27 

Netherlands 0.76 0.69 0.07 

Poland 1.08 1.19 -0.11 

Spain 0.95 0.87 0.08 

Sweden 0.67 0.63 0.04 

Switzerland 0.59 0.50 0.09 

United Kingdom 0.94 1.23 -0.29 

USA 1.18 1.28 -0.10 
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Figure S3: Age-standardised obesity prevalence in 26 European countries, grouped by 2 regions and 

USA, 1975-2012, 18-100 years 

 

Countries within the same region are presented with the same colour  
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20

21 Abstract 

22 Objective: This study assesses the impact of obesity on life expectancy for 26 European 

23 national populations and the USA over the 1975-2012 period.

24 Design: Secondary analysis of population-level obesity and mortality data. 

25 Setting: European countries, namely Austria, Belarus, Belgium, the Czech Republic, 

26 Denmark, Estonia, Finland, France, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, 

27 Luxembourg, the Netherlands, Norway, Poland, Portugal, the Russian Federation, Slovakia, 

28 Spain, Sweden, Switzerland, Ukraine, the United Kingdom (UK); and the USA.

29 Participants: National populations aged 18–100 years, by sex.

30 Measurements: Using data by age and sex, we calculated obesity-attributable mortality by 

31 multiplying all-cause mortality (Human Mortality Database) with obesity-attributable 

32 mortality fractions (OAMFs). OAMFs were obtained by applying the weighted-sum method 

33 to obesity prevalence data (NCD Risk Factor Collaboration) and European Relative Risks (RRs) 

34 (DYNAMO). We estimated potential gains in life expectancy at birth (PGLE) by eliminating 

35 obesity-attributable mortality from all-cause mortality using associated single-decrement life 

36 tables.

37 Results: In the 26 European countries in 2012, PGLE due to obesity ranged from 0.86 to 1.67 

38 years among men, and from 0.66 to 1.54 years among women. In all countries, PGLE 

39 increased over time, with an average annual increase of 2.68% among men and 1.33% and 

40 among women. Among women in Denmark, Switzerland, and Central and Eastern European 

41 countries, the increase in PGLE levelled off after 1995. Without obesity, the average increase 
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42 in life expectancy between 1975 and 2012 would have been 0.78 years higher among men 

43 and 0.30 years higher among women.

44 Conclusions: Obesity was proven to have an impact on both life expectancy levels and 

45 trends in Europe. The differences found in this impact between countries and the sexes can 

46 be linked to contextual factors, as well as to differences in people’s ability and capacity to 

47 adopt healthier lifestyles. 

48 Keywords: Obesity, life expectancy, Europe, USA

49 Article Summary

50 Strengths and limitations of the study

51 • This is the first study to assess the impact of obesity on life expectancy at birth over 

52 time, and we do so here for 26 European countries and the USA.

53 • We used recent long-term comparable data on obesity prevalence based on 

54 population-based measurement studies, and European relative risks of dying from obesity by 

55 age and sex from a recent meta-analysis.

56 • Because of remaining data limitations regarding prevalence and relative risks, we had 

57 to use a fairly simple – albeit common applied - methodology to estimate obesity-

58 attributable mortality. 

59

60

61

62
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63 Introduction

64 Obesity is a global epidemic (1), with Europe currently ranking second worldwide after the 

65 USA (2). Over the last 20 years obesity prevalence has increased threefold in Europe(3),  

66 although not uniformly across countries (4). Estimates for 2014 indicate that obesity varied 

67 threefold across European countries, ranging from a low of 9% in Romania to a high of 26% 

68 in Malta (5). Obesity constitutes a serious health burden at the individual and population 

69 levels because it is associated with an increased risk of morbidity (6), and mortality (7). 

70 However, the potential impact of the increase in obesity on life expectancy trends remains 

71 largely unknown (8).

72 The few existing studies that assessed the impact of obesity on life expectancy at the 

73 population level provided estimates at one specific point in time only (9, 10). Olshansky et al. 

74 found that if obesity was eliminated, life expectancy at birth (e0) in the USA in 2000 would 

75 be 0.21 to 1.08 years higher, depending on gender and ethnicity (9).  Preston et al. (10) 

76 estimated for 16 low-mortality countries in 2006 that the reduction in life expectancy at age 

77 50 (e50) due to obesity was greatest in the USA, at more than 1.5 years; and ranged from 

78 0.50 to 1.19 years for women and from 0.72 to 1.37 years for men in European countries.

79 Gaining insight into the impact of obesity on trends in life expectancy is especially 

80 relevant (11) given the marked differences in life expectancy trends across Europe (12). In 

81 Western European countries, e0 has been increasing steadily, and has risen six to eight years 

82 since 1970. But in Central and Eastern Europe (CEE), e0 stagnated or even declined between 

83 the 1970s and the 1980s, and did not start increasing again until the 1990s. There are also 

84 marked differences in e0 trends between individual European countries (12). 
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85 In light of these important differences between European countries in both obesity 

86 prevalence and life expectancy over time, our aim is to assess the impact of obesity on long-

87 term trends in life expectancy across a wide range of European countries. 

88 Our sole focus is on the impact of obesity, given the significant health burden caused by 

89 obesity, the large body of literature on its impact, and the well-documented association of 

90 obesity with mortality.

91 Data and Methods

92 Setting

93 We studied the impact of obesity on life expectancy by sex over the 1975-2012 period in 26 

94 European countries: Austria, Belarus, Belgium, the Czech Republic, Denmark, Estonia, 

95 Finland, France, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, the 

96 Netherlands, Norway, Poland, Portugal, the Russian Federation, Slovakia, Spain, Sweden, 

97 Switzerland, Ukraine, the United Kingdom (UK); and the USA as a comparison country (10).

98 Data

99 Long-term comparable obesity prevalence data (BMI≥30kg/m2) by country, sex, age (18-19, 

100 20-24, …, 85+), and year (1975-2012), based on 1698 population-based measurement studies, 

101 were obtained from the NCD Risk Factor Collaboration study (13). These validated data 

102 comprise the available measured height and weight data of 19.2 million participants from 

103 representative data sources, supplemented with estimates based on information from other 

104 years and related countries from a Bayesian hierarchical model (13). The same model was 

105 applied to all countries and used as an input the measured weight and height data, including 

106 covariates that help predict BMI (13). 
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107 The age- (<50, 50-59, 60-69 and ≥70 years) and sex-specific relative risks (RRs) of 

108 dying from obesity (see Supplementary Material Table S1) came from a review of studies 

109 mainly conducted in Western Europe and the USA, with the normal-weight category used as 

110 the reference group (18.5≥BMI≤25 kg/m2) (14).  These age- and sex-specific RRs were largely 

111 in line with the overall European RR of 1.64 recently estimated by the Global BMI Mortality 

112 Collaboration (7). The differences across age groups found in that study were similar with 

113 those reported in our findings (i.e., higher RRs at younger than at older ages), though they 

114 were less distinct (7). In addition, the use of RRs with the normal weight category as the 

115 reference category is in line with previous studies that estimated obesity-attributable 

116 mortality (15-19),  while the estimation of obesity-attributable mortality with such a RR can 

117 be considered the theoretically maximally possible attributable mortality (20). 

118 All-cause mortality numbers and exposure population data by single year of age, sex, 

119 year, and country were obtained from the Human Mortality Database (21). These data are of 

120 high quality and are widely used within the demographic community and beyond (22).

121 Patient and Public Involvement

122 No patients were involved in this study.

123  Methods

124 We performed our analyses separately by country and sex, based on data by single year of 

125 age (18-100). The obesity prevalence data were turned into single-age prevalence (18-100) 

126 by applying Loess smoothing (23). The RRs were turned into single-year RRs (18- 100) using 

127 linear regression.
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128 To estimate the obesity-attributable mortality fraction (OAMF) – i.e., the share of all-

129 cause mortality due to obesity – we used the Rockhill formula to estimate OAMFs by age (a) 

130 and sex (s) (24). 

131 𝑂𝐴𝑀𝐹𝑎,𝑠 =
𝑃𝑎,𝑠 ∙ (𝑅𝑅𝑎,𝑠 ― 1)

1 + (𝑃𝑎,𝑠 ∙  (𝑅𝑅𝑎,𝑠 ― 1))(Equation 1)

132 where P is the obesity prevalence. We then weighted the OAMFa,s with the corresponding 

133 number of deaths.

134 For the estimation of the impact of obesity on life expectancy (see 2.3.2) we needed 

135 age-and sex-specific (non-) obesity-attributable mortality rates. These were obtained by 

136 multiplying OAMFa,s and [1- OAMFa,s ], respectively, with age- and sex-specific all-cause 

137 mortality rates. 

138 To ensure comparability across countries, over time, and between men and women, 

139 we applied direct age- and sex-standardisation (25) to obesity prevalence, obesity-

140 attributable mortality fractions, and obesity-attributable mortality rates, using the European 

141 population of 2011 (26) as the standard.

142 To assess the impact of adult obesity on e0, we calculated for each country the 

143 potential gain in life expectancy (PGLE) if obesity-attributable mortality were eliminated, by 

144 calendar year and sex and is in line with the approach by Preston et al. First, we calculated e0 

145 by applying standard life table techniques to age-specific all-cause mortality rates (0-

146 100)(25)). Second, we applied associated single-decrement life tables (ASDLT)(25)) to age- 

147 and sex-specific non-obesity-attributable mortality rates (0-100) to obtain e0 if obesity-

148 attributable mortality were eliminated. The PGLE represents the difference between the e0 

149 based on the ASDLT and the original e0. 
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150 To summarise the changes in PGLE across countries, we estimated the average 

151 annual changes in PGLE (in %):

152 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑎𝑛𝑛𝑢𝑎𝑙 𝑐ℎ𝑎𝑛𝑔𝑒𝑠 𝑖𝑛 𝑃𝐺𝐿𝐸 (%) =

∑
2012

𝑡 = 1976

( 𝑃𝐺𝐿𝐸𝑡 ―  𝑃𝐺𝐿𝐸𝑡 ― 1)

𝑃𝐺𝐿𝐸𝑡 ― 1
 

2012 ― 1975  100

153 To assess the impact of obesity on time trends in e0 between 1975 and 2012, we 

154 subtracted the observed change in e0 from the change in e0 without obesity. The change in 

155 e0 without obesity was obtained by using the e0 values from the associated single-decrement 

156 life tables applied to non-obesity-attributable mortality for 1975 and 2012.

157 Results

158 For the 26 European countries, the age-standardised obesity-attributable mortality fraction 

159 (OAMF) was, on average, 11% among men and 10% among women in 2012. For the USA, 

160 these estimates were substantially higher; i.e., 15% and 14%, respectively. The average 

161 OAMF levels were higher in Northern, Western, and Southern Europe combined (hereafter, 

162 Western Europe) than in CEE among men, while the opposite was the case among women. 

163 OAMFs were increasing over time for all countries and both sexes, although not to 

164 the same extent (see Figure 1, Figure S1). In Western Europe, OAMFs generally increased 

165 over the 1975-2012 period, and at a faster pace among men. In CEE, by contrast, OAMFs 

166 clearly stagnated, and even declined between 1990 and 2000. The overall increase in OAMFs 

167 was greatest in the USA, Ireland, Norway (men), and the UK (women).

168
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169 Figure 1: Age-standardised obesity-attributable mortality fractions in 26 European 

170 countries* (by 5 regions) and USA, 1975-2014, 18-100 years

171 * Countries within the same region are presented with the same colour

172 Central Europe: Czech Republic, Hungary, Poland, Slovakia

173 Eastern Europe: Belarus, Estonia, Ukraine, Latvia, Lithuania, Russian Federation

174 Northern Europe:  Denmark, Finland, Iceland, Norway, Sweden

175 Southern Europe:  Italy, Portugal, Spain

176 Western Europe: Austria, Belgium, France, Ireland, Luxembourg, Netherlands, Switzerland, 

177 United Kingdom

178 USA: United States of America

179

180 <approximately here>

181 In the 26 European countries in 2012, estimates of potential gains in life expectancy at 

182 birth (PGLE) if obesity was eliminated ranged from 0.86 to 1.67 years among men (1.22 on 

183 average) and from 0.66 to 1.54 years (0.98 on average) among women (Figure 2; Figure S2 

184 and Table S2 Supplementary Material). Among men in the USA, the PGLE estimate was, at 

185 1.73 years, slightly higher than the highest estimate in Europe; and among women in the 

186 USA, the PGLE estimate was, at 1.44 years, the second-highest after the estimate for Russia. 

187 The average PGLE estimate was 1.08 among men and 0.86 among women in Western 

188 Europe, and was 1.44 among men and 1.16 among women in CEE (see Supplementary 

189 Material, Table S2). 

190
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191 Figure 2: Potential gains in life expectancy at birth (PGLE) if obesity-attributable mortality 

192 was eliminated, in 26 European countries* (differentiating Western and Central Eastern 

193 Europe) and the USA, 1975-2012

194 * Countries within the same region are presented with the same colour

195 Central Eastern Europe: Belarus, Czech Republic, Estonia, Hungary, Latvia, Lithuania, Poland, 

196 Russian Federation, Slovakia, Ukraine

197 Western Europe:  Austria, Belgium, Denmark, Finland, France, Iceland, Ireland, Italy, 

198 Luxembourg, Netherlands, Norway, Portugal, Spain, Sweden, Switzerland, United Kingdom

199 USA: United States of America

200

201 <approximately here>

202 Overall, from 1975 to 2012, PGLE due to obesity increased in all of the countries (Figure 

203 2, Figure S2, Figure 3, 4). The increase was greater among men (average annual increase of 

204 2.68%) than among women (average annual increase of 1.33%), was largest among men in 

205 Portugal and Belarus and among women in Portugal, and was substantial among men and 

206 women in Norway (Figures 3, 4). While there was a general increase in PGLE due to obesity, 

207 this trend stagnated among women in CEE from around 1990 onwards, and levelled off after 

208 1995 among women in Denmark and Switzerland. 

209 Figure 3: Average annual increase (%) in potential gains in life expectancy due to obesity in 

210 26 European countries and the USA between 1975-2012, in men

211 <approximately here>

212

213 Figure 4: Average annual increase (%) in potential gains in life expectancy due to obesity in 

214 26 European countries and the USA between 1975-2012, in women

215 <approximately here>
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216 Table 1 shows the impact of obesity on time trends in life expectancy at birth (e0). 

217 Overall, the average increase in e0 between 1975 and 2012 was 7.26 years for men and 6.28 

218 years for women in the 26 European countries. Without obesity, the average increase in e0 

219 would have been 8.04 years for men and 6.58 years for women; or 0.78 and 0.30 years 

220 higher, respectively. Among men, obesity had the greatest impact on e0 trends in Lithuania 

221 and the USA (more than one year), and the smallest impact in Iceland and Sweden (0.5 

222 years). Among women, obesity had the greatest impact on e0 trends in the USA and Ireland 

223 (0.7 years) and the smallest impact in Estonia and the Czech Republic (less than 0.1 year).

224 Table 1: Impact of obesity on trends in life expectancy at birth (e0) in 26 European 

225 countries and USA 1975-2012, by sex 

Country Change in e0 with 

obesity 2012-1975 

(years)

Change in e0 without 

obesity 2012-1975 

(years)

Effect of obesity on e0 

change 2012-1975

(years)

Men Women Men Women Men Women

 
Austria 10.62 8.61 11.25 8.95 0.63 0.34
Belarus -0.55 1.43 0.46 1.83 1.00 0.40
Belgium 8.85 7.63 9.46 7.99 0.61 0.36
Czech Republic 7.97 6.98 8.66 7.03 0.69 0.05
Denmark 6.78 5.03 7.40 5.36 0.63 0.33
Estonia 6.43 6.42 7.26 6.46 0.82 0.04
France 9.49 7.99 10.17 8.30 0.68 0.31
Finland 10.07 7.26 10.82 7.75 0.74 0.50
Hungary 5.29 6.18 6.17 6.36 0.87 0.18
Iceland 9.02 5.19 9.51 5.51 0.48 0.32
Ireland 9.40 8.40 10.22 9.10 0.83 0.69
Italy 10.19 8.56 10.81 8.89 0.62 0.33
Latvia 4.91 4.53 5.82 4.70 0.90 0.18
Lithuania 2.01 3.80 3.14 4.06 1.13 0.26
Luxembourg 11.78 9.27 12.50 9.65 0.72 0.37
Netherlands 7.68 5.10 8.26 5.6 0.56 0.49
Norway 7.70 5.33 8.42 5.86 0.74 0.51
Poland 5.90 6.74 6.81 7.00 0.91 0.27
Portugal 12.14 10.87 12.91 11.26 0.77 0.40
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Russian Federation 2.05 2.62 3.06 2.89 1.02 0.28
Slovakia 5.65 5.82 6.52 6.16 0.88 0.34
Spain 8.82 8.75 9.62 9.14 0.79 0.39
Sweden 7.69 5.59 8.18 5.93 0.49 0.33
Switzerland 8.98 6.63 9.55 6.93 0.58 0.30
Ukraine 0.48 1.73 1.26 1.94 0.78 0.21
United Kingdom 9.46 6.96 10.20 7.55 0.74 0.59
USA 7.86 4.89 8.90 5.61 1.04 0.71
Average CEE 
countries

countries

4.01 4.63 4.92 4.84 0.90 0.22

Average Western 
countries

countries

9.10 7.09 9.76 7.50 0.66 0.41

226

227

228 Discussion

229 Summary of results

230 In the 26 European countries studied, the share of mortality due to obesity in 2012 was, on 

231 average, 11% among men and 10% among women. PGLE due to obesity in 2012 ranged from 

232 0.86 to 1.73 years among men, and from 0.66 to 1.54 years among women. Overall, PGLE 

233 increased between 1975 and 2012, albeit more quickly among men (average annual 

234 increase: 2.68%) than among women (1.33%). Among women in Denmark, Switzerland, and 

235 the CEE countries the increase in PGLE levelled off after 1995. Without obesity, the average 

236 increase in e0 between 1975 and 2012 would have been 0.78 years higher among men and 

237 0.30 years higher among women.

238 Evaluation of data and methods 

239 Using the recent advances in obesity data, it is now possible to study the impact of obesity 

240 on life expectancy for a large number of countries and a long period of time. Two 

241 methodological issues warrant our attention, however. 
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242 First, in calculating the share of mortality due to obesity (OAMF), which also forms 

243 the basis for our PGLE calculations, we were hindered by limitations in the available 

244 prevalence and RRs data, which also affected the method used. As has previously been 

245 documented, OAMF estimates are sensitive to the data and the methods used (27). 

246 In selecting obesity prevalence data, we used the longest validated time series based 

247 on population-based measurement studies that are suitable for studying the impact of 

248 obesity on long-term life expectancy trends across Europe (13). For those countries with less 

249 available obesity data – especially the CEE countries a portion of the data we used were 

250 merely the result of modelling. Thus, the resulting estimates should be treated with some 

251 caution . By contrast, for the non-CEE countries, most of the data we used pertain to 

252 measured data (13). Supplementary Material, Table S3 gives the confidence intervals around 

253 the age-standardised prevalence estimates for each country by sex in order, as to provide 

254 more information on the relative reliability of the data for the different countries in our 

255 analysis. 

256 Because age- and sex-specific RRs of mortality associated with obesity are not readily 

257 available by country and year, we have decided to apply to all of the countries studied age- 

258 and sex-specific RRs from Western European and US populations that are largely suitable for 

259 our setting, as had previously been done (10). Although RRs could differ slightly across 

260 contexts, studies that compared RRs across continents found only small differences in RRs 

261 between Europe and North America (7). Consequently, we do not expect to observe large 

262 differences between individual countries.  In addition, as time-variant European RRs were 

263 not available, we had to apply time-constant RRs, even though it is possible that changes in 

264 the association of obesity with mortality – which could, for example, occur because of 

265 improvements in the treatment of chronic diseases – have affected the impact of obesity on 
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266 life expectancy. Previous studies that assessed changes over time in the association of 

267 obesity with mortality did so only for the US, and, unfortunately, provided mixed evidence, 

268 with some of these studies reporting a decline (18, 28, 29), and others finding an increase 

269 (30).Therefore, before implementing time-variant European RRs, more information on their 

270 direction is required. Similarly, comparable country-specific RRs are urgently needed. In 

271 addition, the choice of these RRs along with their reference group might exert an effect in 

272 our estimates.  Based on the available data, only a fairly simple – albeit common applied –

273 the weighted sum method could be applied (27) to estimate the OAMFs. The application of a 

274 more advanced methodology (27)  could have affected the OAMFs and thus the PGLE levels, 

275 but less the trends(31). The lack of information on the uncertainty of the RRs we used 

276 limited us in estimating confidence intervals for the OAMFs and PGLEs.

277 Second, besides being the result of the OAMFs, the PGLE estimates can also be 

278 affected by all-cause mortality levels and trends as age- and sex-specific all-cause mortality 

279 rates are used to estimate PGLE. Since all-cause mortality fluctuated greatly in CEE in the 

280 analysed period (12), short-term variations in PGLE in CEE countries should be treated with 

281 more caution.

282 Explanation of results 

283  In 2012, the PGLE due to obesity were, on average, 1.22 years for men and 0.98 

284 years for women in the 26 European countries, and 1.73 years for men and 1.43 years for 

285 women in the USA. A comparison of our 2006 e50 estimates with those of Preston et al. (10) 

286 for the same countries uncovered only small differences, except among men in the USA (our 

287 estimate was 0.56 years lower) and women in the UK (our estimate was 0.29 years lower) 

288 (see Supplementary Material, Table S4). Given that approximately the same methodology 

289 was used to estimate the OAMFs, the observed differences are most likely due to the use of 
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290 different obesity prevalence and RRs data. Preston used prevalence data from national 

291 representative surveys and RRs from the Prospective Studies collaboration (10). Given that 

292 the observed differences do not have the same direction for the different countries, we 

293 believe that these differences are mainly attributable to the prevalence data used.  To 

294 further evaluate our observed PGLE levels, we compared them with own PGLE estimates for 

295 smoking and alcohol (32). Our PGLE estimates for smoking were 2.38 years for men and 1.00 

296 year for women in Western Europe, and 3.82 years for men and 0.67 years for women in 

297 CEE. Our PGLE estimates for alcohol were 0.90 years for men and 0.44 years for women in 

298 Western Europe, and 2.15 years for men and 1.00 year for women in CEE (32) while our 

299 average PGLE for obesity was 1.08 among men and 0.86 among women in Western Europe, 

300 and 1.44 among men and 1.16 among women in CEE.  Thus, obesity’s impact on life 

301 expectancy lies between that of smoking and alcohol, and can be considered significant.

302 In our study, we found that PGLE due to obesity was increasing, but that this trend 

303 differed across countries and between the sexes. This overall trend can be explained by the 

304 general increase in obesity prevalence in European countries (see Supplementary Material, 

305 Figure S3) (13) and the resulting growth in the burden of obesity (3) , which is also reflected 

306 in the OAMFs (Figure 1, Figure S1) in these countries. 

307 At the same time, parts of the observed variation in the increase in PGLE estimates 

308 across the USA, Western Europe, and CEE and between the sexes reflect differences in the 

309 onset, the development, and the impact of the obesity epidemic in these countries and in 

310 men and women. Across the countries studied, the absolute increase in PGLE was largest 

311 among women and second-largest among men in the USA. This pattern is in line with 

312 evidence showing that between 1980 and 2008, obesity increased much more in the USA 
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313 than in Europe(1, 33). This rapid progression of the obesity epidemic in the USA and its large 

314 impact on life expectancy has been attributed to an increasingly obesogenic environment 

315 caused by factors such as changes in food preparation and processes that promote the 

316 consumption of calorically dense foods, and a pronounced decrease in physical activity levels 

317 (34). The obesity epidemic has progressed more slowly in Western Europe than in the USA(1, 

318 13). However, obesity levels in countries like the UK and Ireland are rapidly approaching 

319 those in the USA (35), as our PGLE estimates also show.   

320 In the CEE countries, the PGLE trends track the evolution of the obesity epidemic in 

321 that region (see Supplementary Material, Figure S3). Obesity levels have been higher in CEE 

322 than in Western Europe since 1980 (36, 37), which suggests that the epidemic started earlier 

323 in CEE. As a result of this earlier onset, the impact of obesity (as expressed in terms of OAMF 

324 and PGLE) in the 1970s and 1980s was at times even greater in CEE than in the USA, 

325 especially among women. While there are many potential explanations for this early onset 

326 of the obesity epidemic in CEE, the available data indicate that the main factors were the 

327 relatively high total energy supply and energy intake in CEE in those years (38). 

328 The overall progress of the obesity epidemic was lower in CEE than in Western 

329 Europe, and the increase was not constant (1). Indeed, in CEE, increases in obesity 

330 prevalence(1, 39), OAMFs, and PGLE stagnated in the 1980-2008 period, and were more 

331 pronounced in the 1990s (1, 39). However, as these countries started the study period with 

332 higher obesity prevalence levels, these trends resulted in the CEE having higher average 

333 PGLE levels than the West.   The pattern of stagnation observed in the CEE, could be 

334 explained by the decrease in energy supplies at the beginning of the 1990s in CEE (37) 

335 resulting from the dramatic economic and political changes in those countries (3, 36, 39) and 
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336 which in turn affected the socio-economic status of the population (SES). Among CEE 

337 women, the increase in obesity starting in the 1990s was smaller than it was in the previous 

338 period, and was smaller than it was among CEE men. The lower risk of obesity observed 

339 among women than among men with low socioeconomic status (SES) in low-income 

340 countries (40) may explain this difference. 

341 In Western Europe, a stagnation in PGLE levels was observed among women in 

342 Denmark and Switzerland after 1995. This finding seems to be in line with studies reporting a 

343 levelling-off of mean BMI since the 1990s (41); and in specific sub-populations, such as 

344 adults with high SES in regions within Switzerland, Italy, France, and Finland                                                                                                                                                                                                                                                                                                                                                                                                                                

345 (37). Although dietary and physical activity information is spreading equally across 

346 socioeconomic groups, those with higher SES have a greater ability and capacity to adopt a 

347 healthier dietary and physical activity pattern (42). In addition, it appears that higher SES 

348 women in particular are more health-conscious, have healthier food habits, and are more 

349 prone to follow nutritional recommendations (43) as they are under greater social pressure 

350 to be thin (44).  Similarly, countries with higher income levels and lower levels of inequality 

351 (45), like Switzerland and Denmark, tend to have lower obesity levels, especially among 

352 women. 

353 When we considered the impact of obesity on life expectancy in the 26 European 

354 countries, we found that without obesity, the increase in e0 between 1975 and 2012 would 

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

356 These figures account for approximately 10% of the average change in e0 between 1975 and 

357 2012 among men, and 5% among women. It is therefore clear that the impact of obesity on 

358 changes in e0 should not be ignored. Moreover, the impact of obesity on life expectancy 
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359 levels and on life expectancy trends is likely to increase, as previous studies have also 

360 suggested (8). There are several indicators pointing in that direction, including evidence that 

361 obesity’s  impact is already substantially greater in the USA (13% among men and 15% 

362 among women) than elsewhere; obesity prevalence is increasing rapidly in most European 

363 countries (see Supplementary Material, Figure S3); obesity is increasing in severity; and the 

364 duration of obesity is rising in younger generations (8). 

365 Conclusion and implications

366  Obesity was proven to have an impact on both life expectancy levels and trends in 

367 Europe. The observed differences in the increase in the impact of obesity across countries 

368 and between the sexes reflect differences in the onset and the progression of the obesity 

369 epidemic, and can be linked to contextual factors (economic conditions, obesogenic 

370 environment, energy supplies), as well as to differences in people’s ability and capacity to 

371 adopt healthier lifestyles. 

372 It is likely that in the future obesity will have a larger impact on mortality and life 

373 expectancy in Europe, as obesity prevalence and obesity-attributable mortality continue to 

374 increase in the majority of countries. These trends will have important health, economic, 

375 and social implications.  Specifically, the increasing prevalence of obesity among European 

376 populations, and especially at younger ages, will lead to an increased prevalence of obesity-

377 related disorders, as well as to increases in the mortality burden associated with obesity and 

378 in obesity’s effects on life expectancy and quality of life. Thus, obesity will constitute an 

379 additional burden for societies, economies, and public health. It is therefore crucial that 

380 effective public health initiatives are undertaken to tackle the obesity epidemic and its 

381 effects on public health. Such initiatives should address the multifactorial and complex 
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382 obesity aetiology; the clear differences between countries and the sexes; as well as the 

383 factors underlying these differences, such as contextual factors and differences in 

384 individuals’ ability and capacity to adopt healthier lifestyles.
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543 Figure legends

544 Figure 1: Age-standardised obesity-attributable mortality fractions in 26 European 
545 countries* (by 5 regions) and USA, 1975-2014, 18-100 years

546

547 * Countries within the same region are presented with the same colour

548 Central Europe: Czech Republic, Hungary, Poland, Slovakia

549 Eastern Europe: Belarus, Estonia, Ukraine, Latvia, Lithuania, Russian Federation

550 Northern Europe:  Denmark, Finland, Iceland, Norway, Sweden

551 Southern Europe:  Italy, Portugal, Spain

552 Western Europe: Austria, Belgium, France, Ireland, Luxembourg, Netherlands, Switzerland, 

553 United Kingdom

554 USA: United States of America

555

556 Figure 2: Potential gains in life expectancy at birth (PGLE) if obesity-attributable mortality 

557 was eliminated, in 26 European countries* (differentiating Western and Central Eastern 

558 Europe) and the USA, 1975-2012, 18-100 years

559

560 * Countries within the same region are presented with the same colour

561 Central Eastern Europe: Belarus, Czech Republic, Estonia, Hungary, Latvia, Lithuania, Poland, 

562 Russian Federation, Slovakia, Ukraine

563 Western Europe:  Austria, Belgium, Denmark, Finland, France, Iceland, Ireland, Italy, 

564 Luxembourg, Netherlands, Norway, Portugal, Spain, Sweden, Switzerland, United Kingdom

565 USA: United States of America

566

567 Figure 3: Average annual increase (%) in potential gains in life expectancy due to obesity in 

568 26 European countries and the USA between 1975-2012, in men

569

570 Figure 4: Average annual increase (%) in potential gains in life expectancy due to obesity in 

571 26 European countries and the USA between 1975-2012, in women

572
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Figure 1: Age-standardised obesity-attributable mortality fractions in 26 European countries* (by 5 regions) 
and USA, 1975-2014, 18-100 years 

* Countries within the same region are presented with the same colour 
Central Europe: Czech Republic, Hungary, Poland, Slovakia 

Eastern Europe: Belarus, Estonia, Ukraine, Latvia, Lithuania, Russian Federation 
Northern Europe:  Denmark, Finland, Iceland, Norway, Sweden 

Southern Europe:  Italy, Portugal, Spain 
Western Europe: Austria, Belgium, France, Ireland, Luxembourg, Netherlands, Switzerland, United Kingdom 

USA: United States of America 
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Figure 2: Potential gains in life expectancy at birth (PGLE) if obesity-attributable mortality was eliminated, in 
26 European countries* (differentiating Western and Central Eastern Europe) and the USA, 1975-2012 

* Countries within the same region are presented with the same colour 
Central Eastern Europe: Belarus, Czech Republic, Estonia, Hungary, Latvia, Lithuania, Poland, Russian 

Federation, Slovakia, Ukraine 
Western Europe:  Austria, Belgium, Denmark, Finland, France, Iceland, Ireland, Italy, Luxembourg, 

Netherlands, Norway, Portugal, Spain, Sweden, Switzerland, United Kingdom 
USA: United States of America 
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Figure 3: Average annual increase (%) in potential gains in life expectancy due to obesity in 26 European 
countries and the USA between 1975-2012, in men 
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Figure 4: Average annual increase (%) in potential gains in life expectancy due to obesity in 26 European 
countries and the USA between 1975-2012, in women 
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Supplementary material  

Table S1: Age-and sex-specific RRs of dying from obesity from the meta-review from 

Lobstein et al. (2010) 

 

 

 

 

 

 

 

*Reference group for the RRs: normal weight (18.5≥BMI≤24.9 kg/m2) 

  

Age RR* 

Men Women 

<50 1.55 1.5 

50-59 1.539 1.49 

60-69 1.5225 1.475 

70+ 1.495 1.45 
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Table S2: Potential gains in life expectancy at birth (PGLE) if obesity-attributable mortality 

was eliminated, in 26 European countries (differentiating Western and Central Eastern 

Europe) and the USA, in 1975 and 2012, 18-100 years 

 PGLE 1975 PGLE 2012 

Country Men  Women Men  Women 

Central Eastern Europe (CEE)     
Belarus 0.41 0.79 1.41 1.19 
Czech Republic 0.70 0.98 1.39 1.03 
Estonia 0.55 1.00 1.37 1.04 
Hungary 0.64 0.86 1.52 1.04 
Latvia 0.58 1.00 1.48 1.18 
Lithuania 0.54 1.05 1.67 1.31 
Poland 0.57 0.93 1.48 1.19 
Russian Federation 0.51 1.26 1.53 1.54 
Slovakia 0.43 0.62 1.31 0.96 
Ukraine 0.47 0.95 1.25 1.16 
Average CEE 0.54 0.94 1.44 1.16 
Western Europe      
Austria 0.40 0.39 1.03 0.73 
Belgium 0.55 0.61 1.17 0.97 
Denmark 0.42 0.46 1.04 0.79 
France 0.49 0.53 1.18 0.84 
Finland 0.45 0.40 1.19 0.90 
Ireland 0.38 0.31 1.21 1.01 
Iceland 0.49 0.48 0.97 0.80 
Italy 0.44 0.60 1.06 0.93 
Luxembourg 0.47 0.42 1.19 0.79 
Netherlands 0.29 0.39 0.86 0.88 
Norway 0.34 0.39 1.07 0.91 
Portugal 0.24 0.41 1.01 0.81 
Spain 0.42 0.66 1.22 1.05 
Sweden 0.42 0.43 0.91 0.76 
Switzerland 0.35 0.35 0.93 0.66 
United Kingdom 0.53 0.50 1.27 1.09 
Average Western Europe 0.41 0.48 1.08 0.86 
USA 0.69 0.72 1.73 1.44 
Average European countries 0.46 0.64 1.22 0.98 
Average all countries 0.47 0.64 1.23 1.00 
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3 
 

Figure S1: Age-standardised obesity-attributable mortality fractions in 26 European countries*, 

grouped by 5 regions and USA, 1975-2014, 18-100 years 

 

* Countries within the same region are presented with the same colour 
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4 
 

Figure S2: Potential gains in life expectancy at birth (PGLE) if obesity-attributable mortality was 

eliminated, in 26 European countries*, grouped by 5 regions and USA, 1975-2012, 18-100 years 

 

* Countries within the same region are presented with the same colour 
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5 
 

Table S3: Age-standardised obesity prevalence and 95% confidence intervals, in 26 

European countries (differentiating Western and Central Eastern Europe) and USA, 18-100 

years in 2012.  

 Age-standardised (stand.) obesity prevalence (%) 

Country Age-

stand. 

prevalen

ce 

 

95% confidence 

intervals 

 

Age-

stand.  

prevalenc

e 

 

95% confidence 

intervals 

 
 Men Women 
Central Eastern Europe 

(CEE) 

    
Belarus 20.4 13.6; 28.5 25.4 17.7; 34.1 
Czech Republic 25.6 18.9; 33.4 25.2 

0 

18.3; 33.0 
Estonia 21.0 16.0; 26.8 

0 

22.7 17.4; 28.8 
Hungary 24.6 17.9;32.0 22.1 15.4; 29.8 
Latvia 22.2 15.2; 30.2 

    

25.8 18.4; 34.5 

 0.1 

 

Lithuania 23.8 16.9; 31.8 

0.09 

0.07 

0.08 

 

28.7 21.2; 37.1 
Poland 23.6 18.0; 29.7 25.7 19.5; 32.5 

 0.15 
Russian Federation 20.4 14.8; 26.8 29.1 22.6; 36.2 
Slovakia 22.2 15.7; 29.6 22.2 15.8; 29.6 
Ukraine 17.7 11.2; 25.7 23.9 16.3; 32.5 
Western Europe     
Austria 21.1 14.7; 28.2 19.1 13.4; 25.5 
Belgium 22.9 17.3; 29.1 22.7 17.1; 28.9 
Denmark 21.3 15.5; 27.9 

0.8; 

18.4 

0 

13.1; 24.5 
France 22.6 16.3; 29.6 23.1 16.9; 29.9 
Finland 22.3 17.1; 28.2 21.7  16.7; 27.3       

16.7; 27.3 
Ireland 26.2 

 

19.4; 33.8 26.0 19.5; 33.2 
Iceland 22.3 15.6; 29.8 21.0 14.7; 28.3 
Italy 22.3 17.0; 28.1 23.5 18.1; 29.6 
Luxembourg 24.9 17.6; 32.9 20.7 14.3; 28.0 
Netherlands 18.9 13.8; 24.5 20.3 15.3; 25.8 
Norway 24.5 18.5; 31.2 23.7 18.0; 30.2 
Portugal 19.6 13.8; 26.4 21.1 15.0; 28.1 
Spain 24.2 18.5; 30.5 26.4 20.3; 32.8 
Sweden 21.6 16.3; 27.4 19.8 14.7; 25.6 
Switzerland 22.0 16.3; 28.3 18.6 13.1; 24.8 
United Kingdom 26.5 

 

22.3; 31.2 29.1 24.8; 33.6 
USA 33.4 27.5; 39.5 35.5 29.7; 41.5 
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6 
 

Table S4: Potential gains in life expectancy at age 50 (PGLE) if obesity-attributable 

mortality was eliminated, own estimates and those by Preston et al.2011, in the same 

countries studied, in 2006 

 Country PGLE e50 2006, 
own estimates 

PGLE e50 2006, 
Preston’s 
estimates 

Difference 

 

Men    

Austria 0.81 1.00 -0.19 

Belgium 0.95 0.98 -0.03 

Czech Republic 1.14 1.34 -0.20 

Denmark 0.88 0.82 0.06 

France 0.94 0.99 -0.05 

Italy 0.88 0.90 -0.02 

Netherlands 0.69 0.73 -0.04 

Poland 1.14 1.37 -0.23 

Spain 1.02 1.15 -0.13 

Sweden 0.75 0.72 0.03 

Switzerland 0.77 0.79 -0.02 

United Kingdom 0.99 1.34 -0.35 

USA 1.29 1.85 -0.56 

Women       

Austria 0.62 0.71 -0.09 

Belgium 0.86 0.73 0.13 

Czech Republic 0.87 1.01 -0.14 

Denmark 0.71 0.62 0.09 

France 0.72 0.52 0.2 

Italy 0.84 0.57 0.27 

Netherlands 0.76 0.69 0.07 

Poland 1.08 1.19 -0.11 

Spain 0.95 0.87 0.08 

Sweden 0.67 0.63 0.04 

Switzerland 0.59 0.50 0.09 

United Kingdom 0.94 1.23 -0.29 

USA 1.18 1.28 -0.10 
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7 
 

Figure S3: Age-standardised obesity prevalence in 26 European countries*, grouped by 5 regions and 

USA, 1975-2012, 18-100 years 

 

* Countries within the same region are presented with the same colour  
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2

21

22 Abstract 

23 Objective: This study assesses the impact of obesity on life expectancy for 26 European 

24 national populations and the USA over the 1975-2012 period.

25 Design: Secondary analysis of population-level obesity and mortality data. 

26 Setting: European countries, namely Austria, Belarus, Belgium, the Czech Republic, 

27 Denmark, Estonia, Finland, France, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, 

28 Luxembourg, the Netherlands, Norway, Poland, Portugal, the Russian Federation, Slovakia, 

29 Spain, Sweden, Switzerland, Ukraine, the United Kingdom (UK); and the USA.

30 Participants: National populations aged 18–100 years, by sex.

31 Measurements: Using data by age and sex, we calculated obesity-attributable mortality by 

32 multiplying all-cause mortality (Human Mortality Database) with obesity-attributable 

33 mortality fractions (OAMFs). OAMFs were obtained by applying the weighted-sum method 

34 to obesity prevalence data (NCD Risk Factor Collaboration) and European Relative Risks (RRs) 

35 (DYNAMO). We estimated potential gains in life expectancy at birth (PGLE) by eliminating 

36 obesity-attributable mortality from all-cause mortality using associated single-decrement life 

37 tables.

38 Results: In the 26 European countries in 2012, PGLE due to obesity ranged from 0.86 to 1.67 

39 years among men, and from 0.66 to 1.54 years among women. In all countries, PGLE 

40 increased over time, with an average annual increase of 2.68% among men and 1.33% and 

41 among women. Among women in Denmark, Switzerland, and Central and Eastern European 

42 countries, the increase in PGLE levelled off after 1995. Without obesity, the average increase 

Page 2 of 38

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

3

43 in life expectancy between 1975 and 2012 would have been 0.78 years higher among men 

44 and 0.30 years higher among women.

45 Conclusions: Obesity was proven to have an impact on both life expectancy levels and 

46 trends in Europe. The differences found in this impact between countries and the sexes can 

47 be linked to contextual factors, as well as to differences in people’s ability and capacity to 

48 adopt healthier lifestyles. 

49 Keywords: Obesity, life expectancy, Europe, USA

50 Article Summary

51 Strengths and limitations of the study

52 • This is the first study to assess the impact of obesity on life expectancy at birth over 

53 time, and we do so here for 26 European countries and the USA.

54 • We used recent long-term comparable data on obesity prevalence based on 

55 population-based measurement studies, and European relative risks of dying from obesity by 

56 age and sex from a recent meta-analysis.

57 • Because of remaining data limitations regarding prevalence and relative risks, we had 

58 to use a fairly simple – albeit common applied - methodology to estimate obesity-

59 attributable mortality. 

60

61

62

63
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64 Introduction

65 Obesity is a global epidemic (1), with Europe currently ranking second worldwide after the 

66 USA (2). Over the last 20 years obesity prevalence has increased threefold in Europe(3),  

67 although not uniformly across countries (4). Estimates for 2014 indicate that obesity varied 

68 threefold across European countries, ranging from a low of 9% in Romania to a high of 26% 

69 in Malta (5). Obesity constitutes a serious health burden at the individual and population 

70 levels because it is associated with an increased risk of morbidity (6), and mortality (7). 

71 However, the potential impact of the increase in obesity on life expectancy trends remains 

72 largely unknown (8).

73 The few existing studies that assessed the impact of obesity on life expectancy at the 

74 population level provided estimates at one specific point in time only (9, 10). Olshansky et al. 

75 found that if obesity was eliminated, life expectancy at birth (e0) in the USA in 2000 would 

76 be 0.21 to 1.08 years higher, depending on gender and ethnicity (9).  Preston et al. (10) 

77 estimated for 16 low-mortality countries in 2006 that the reduction in life expectancy at age 

78 50 (e50) due to obesity was greatest in the USA, at more than 1.5 years; and ranged from 

79 0.50 to 1.19 years for women and from 0.72 to 1.37 years for men in European countries.

80 Gaining insight into the impact of obesity on trends in life expectancy is especially 

81 relevant (11) given the marked differences in life expectancy trends across Europe (12). In 

82 Western European countries, e0 has been increasing steadily, and has risen six to eight years 

83 since 1970. But in Central and Eastern Europe (CEE), e0 stagnated or even declined between 

84 the 1970s and the 1980s, and did not start increasing again until the 1990s. There are also 

85 marked differences in e0 trends between individual European countries (12). 
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86 In light of these important differences between European countries in both obesity 

87 prevalence and life expectancy over time, our aim is to assess the impact of obesity on long-

88 term trends in life expectancy across a wide range of European countries. 

89 Our sole focus is on the impact of obesity, given the significant health burden caused by 

90 obesity, the large body of literature on its impact, and the well-documented association of 

91 obesity with mortality.

92 Data and Methods

93 Setting

94 We studied the impact of obesity on life expectancy by sex over the 1975-2012 period in 26 

95 European countries: Austria, Belarus, Belgium, the Czech Republic, Denmark, Estonia, 

96 Finland, France, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, the 

97 Netherlands, Norway, Poland, Portugal, the Russian Federation, Slovakia, Spain, Sweden, 

98 Switzerland, Ukraine, the United Kingdom (UK); and the USA as a comparison country (10).

99 Data

100 Long-term comparable obesity prevalence data (BMI≥30kg/m2) by country, sex, age (18-19, 

101 20-24, …, 85+), and year (1975-2012), based on 1698 population-based measurement studies, 

102 were obtained from the NCD Risk Factor Collaboration study (13). These validated data 

103 comprise the available measured height and weight data of 19.2 million participants from 

104 representative data sources, supplemented with estimates based on information from other 

105 years and related countries from a Bayesian hierarchical model (13). The same model was 

106 applied to all countries and used as an input the measured weight and height data, including 

107 covariates that help predict BMI (13). 
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108 The age- (<50, 50-59, 60-69 and ≥70 years) and sex-specific relative risks (RRs) of 

109 dying from obesity (see Supplementary Material Table S1) came from a review of studies 

110 mainly conducted in Western Europe and the USA, with the normal-weight category used as 

111 the reference group (18.5≥BMI≤25 kg/m2) (14).  These age- and sex-specific RRs were largely 

112 in line with the overall European RR of 1.64 recently estimated by the Global BMI Mortality 

113 Collaboration (7). The differences across age groups found in that study were similar with 

114 those reported in our findings (i.e., higher RRs at younger than at older ages), though they 

115 were less distinct (7). In addition, the use of RRs with the normal weight category as the 

116 reference category is in line with previous studies that estimated obesity-attributable 

117 mortality (15-19),  while the estimation of obesity-attributable mortality with such a RR can 

118 be considered the theoretically maximally possible attributable mortality (20). 

119 All-cause mortality numbers and exposure population data by single year of age, sex, 

120 year, and country were obtained from the Human Mortality Database (21). These data are of 

121 high quality and are widely used within the demographic community and beyond (22).

122 Patient and Public Involvement

123 No patients were involved in this study.

124  Methods

125 We performed our analyses separately by country and sex, based on data by single year of 

126 age (18-100). The obesity prevalence data were turned into single-age prevalence (18-100) 

127 by applying Loess smoothing (23). The RRs were turned into single-year RRs (18- 100) using 

128 linear regression.
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129 To estimate the obesity-attributable mortality fraction (OAMF) – i.e., the share of all-

130 cause mortality due to obesity – we used the Rockhill formula to estimate OAMFs by age (a) 

131 and sex (s) (24). 

132 𝑂𝐴𝑀𝐹𝑎,𝑠 =
𝑃𝑎,𝑠 ∙ (𝑅𝑅𝑎,𝑠 ― 1)

1 + (𝑃𝑎,𝑠 ∙  (𝑅𝑅𝑎,𝑠 ― 1))(Equation 1)

133 where P is the obesity prevalence. We then weighted the OAMFa,s with the corresponding 

134 number of deaths.

135 For the estimation of the impact of obesity on life expectancy (see 2.3.2) we needed 

136 age-and sex-specific (non-) obesity-attributable mortality rates. These were obtained by 

137 multiplying OAMFa,s and [1- OAMFa,s ], respectively, with age- and sex-specific all-cause 

138 mortality rates. 

139 To ensure comparability across countries, over time, and between men and women, 

140 we applied direct age- and sex-standardisation (25) to obesity prevalence, obesity-

141 attributable mortality fractions, and obesity-attributable mortality rates, using the European 

142 population of 2011 (26) as the standard.

143 To assess the impact of adult obesity on e0, we calculated for each country the 

144 potential gain in life expectancy (PGLE) if obesity-attributable mortality were eliminated, by 

145 calendar year and sex and is in line with the approach by Preston et al. First, we calculated e0 

146 by applying standard life table techniques to age-specific all-cause mortality rates (0-

147 100)(25)). Second, we applied associated single-decrement life tables (ASDLT)(25)) to age- 

148 and sex-specific non-obesity-attributable mortality rates (0-100) to obtain e0 if obesity-

149 attributable mortality were eliminated. The PGLE represents the difference between the e0 

150 based on the ASDLT and the original e0. 
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151 To summarise the changes in PGLE across countries, we estimated the average 

152 annual changes in PGLE (in %):

153 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑎𝑛𝑛𝑢𝑎𝑙 𝑐ℎ𝑎𝑛𝑔𝑒𝑠 𝑖𝑛 𝑃𝐺𝐿𝐸 (%) =

∑
2012

𝑡 = 1976

( 𝑃𝐺𝐿𝐸𝑡 ―  𝑃𝐺𝐿𝐸𝑡 ― 1)

𝑃𝐺𝐿𝐸𝑡 ― 1
 

2012 ― 1975  100

154 To assess the impact of obesity on time trends in e0 between 1975 and 2012, we 

155 subtracted the observed change in e0 from the change in e0 without obesity. The change in 

156 e0 without obesity was obtained by using the e0 values from the associated single-decrement 

157 life tables applied to non-obesity-attributable mortality for 1975 and 2012.

158 Results

159 For the 26 European countries, the age-standardised obesity-attributable mortality fraction 

160 (OAMF) was, on average, 11% among men and 10% among women in 2012. For the USA, 

161 these estimates were substantially higher; i.e., 15% and 14%, respectively. The average 

162 OAMF levels were higher in Northern, Western, and Southern Europe combined (hereafter, 

163 Western Europe) than in CEE among men, while the opposite was the case among women. 

164 OAMFs were increasing over time for all countries and both sexes, although not to 

165 the same extent (see Figure 1, Figure S1). In Western Europe, OAMFs generally increased 

166 over the 1975-2012 period, and at a faster pace among men. In CEE, by contrast, OAMFs 

167 clearly stagnated, and even declined between 1990 and 2000. The overall increase in OAMFs 

168 was greatest in the USA, Ireland, Norway (men), and the UK (women).

169

Page 8 of 38

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

9

170 Figure 1: Age-standardised obesity-attributable mortality fractions in 26 European 

171 countries* (by 5 regions) and USA, 1975-2014, 18-100 years

172 * Countries within the same region are presented with the same colour

173 Central Europe: Czech Republic, Hungary, Poland, Slovakia

174 Eastern Europe: Belarus, Estonia, Ukraine, Latvia, Lithuania, Russian Federation

175 Northern Europe:  Denmark, Finland, Iceland, Norway, Sweden

176 Southern Europe:  Italy, Portugal, Spain

177 Western Europe: Austria, Belgium, France, Ireland, Luxembourg, Netherlands, Switzerland, 

178 United Kingdom

179 USA: United States of America

180

181 <approximately here>

182 In the 26 European countries in 2012, estimates of potential gains in life expectancy at 

183 birth (PGLE) if obesity was eliminated ranged from 0.86 to 1.67 years among men (1.22 on 

184 average) and from 0.66 to 1.54 years (0.98 on average) among women (Figure 2; Figure S2 

185 and Table S2 Supplementary Material). Among men in the USA, the PGLE estimate was, at 

186 1.73 years, slightly higher than the highest estimate in Europe; and among women in the 

187 USA, the PGLE estimate was, at 1.44 years, the second-highest after the estimate for Russia. 

188 The average PGLE estimate was 1.08 among men and 0.86 among women in Western 

189 Europe, and was 1.44 among men and 1.16 among women in CEE (see Supplementary 

190 Material, Table S2). 

191
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192 Figure 2: Potential gains in life expectancy at birth (PGLE) if obesity-attributable mortality 

193 was eliminated, in 26 European countries* (differentiating Western and Central Eastern 

194 Europe) and the USA, 1975-2012

195 * Countries within the same region are presented with the same colour

196 Central Eastern Europe: Belarus, Czech Republic, Estonia, Hungary, Latvia, Lithuania, Poland, 

197 Russian Federation, Slovakia, Ukraine

198 Western Europe:  Austria, Belgium, Denmark, Finland, France, Iceland, Ireland, Italy, 

199 Luxembourg, Netherlands, Norway, Portugal, Spain, Sweden, Switzerland, United Kingdom

200 USA: United States of America

201

202 <approximately here>

203 Overall, from 1975 to 2012, PGLE due to obesity increased in all of the countries (Figure 

204 2, Figure S2, Figure 3, 4). The increase was greater among men (average annual increase of 

205 2.68%) than among women (average annual increase of 1.33%), was largest among men in 

206 Portugal and Belarus and among women in Portugal, and was substantial among men and 

207 women in Norway (Figures 3, 4). While there was a general increase in PGLE due to obesity, 

208 this trend stagnated among women in CEE from around 1990 onwards, and levelled off after 

209 1995 among women in Denmark and Switzerland. 

210 Figure 3: Average annual increase (%) in potential gains in life expectancy due to obesity in 

211 26 European countries and the USA between 1975-2012, in men

212 <approximately here>

213

214 Figure 4: Average annual increase (%) in potential gains in life expectancy due to obesity in 

215 26 European countries and the USA between 1975-2012, in women

216 <approximately here>
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217 Table 1 shows the impact of obesity on time trends in life expectancy at birth (e0). 

218 Overall, the average increase in e0 between 1975 and 2012 was 7.26 years for men and 6.28 

219 years for women in the 26 European countries. Without obesity, the average increase in e0 

220 would have been 8.04 years for men and 6.58 years for women; or 0.78 and 0.30 years 

221 higher, respectively. Among men, obesity had the greatest impact on e0 trends in Lithuania 

222 and the USA (more than one year), and the smallest impact in Iceland and Sweden (0.5 

223 years). Among women, obesity had the greatest impact on e0 trends in the USA and Ireland 

224 (0.7 years) and the smallest impact in Estonia and the Czech Republic (less than 0.1 year).

225 Table 1: Impact of obesity on trends in life expectancy at birth (e0) in 26 European 

226 countries and USA 1975-2012, by sex 

Country Change in e0 with 

obesity 2012-1975 

(years)

Change in e0 without 

obesity 2012-1975 

(years)

Effect of obesity on e0 

change 2012-1975

(years)

Men Women Men Women Men Women

 
Austria 10.62 8.61 11.25 8.95 0.63 0.34
Belarus -0.55 1.43 0.46 1.83 1.00 0.40
Belgium 8.85 7.63 9.46 7.99 0.61 0.36
Czech Republic 7.97 6.98 8.66 7.03 0.69 0.05
Denmark 6.78 5.03 7.40 5.36 0.63 0.33
Estonia 6.43 6.42 7.26 6.46 0.82 0.04
France 9.49 7.99 10.17 8.30 0.68 0.31
Finland 10.07 7.26 10.82 7.75 0.74 0.50
Hungary 5.29 6.18 6.17 6.36 0.87 0.18
Iceland 9.02 5.19 9.51 5.51 0.48 0.32
Ireland 9.40 8.40 10.22 9.10 0.83 0.69
Italy 10.19 8.56 10.81 8.89 0.62 0.33
Latvia 4.91 4.53 5.82 4.70 0.90 0.18
Lithuania 2.01 3.80 3.14 4.06 1.13 0.26
Luxembourg 11.78 9.27 12.50 9.65 0.72 0.37
Netherlands 7.68 5.10 8.26 5.6 0.56 0.49
Norway 7.70 5.33 8.42 5.86 0.74 0.51
Poland 5.90 6.74 6.81 7.00 0.91 0.27
Portugal 12.14 10.87 12.91 11.26 0.77 0.40
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Russian Federation 2.05 2.62 3.06 2.89 1.02 0.28
Slovakia 5.65 5.82 6.52 6.16 0.88 0.34
Spain 8.82 8.75 9.62 9.14 0.79 0.39
Sweden 7.69 5.59 8.18 5.93 0.49 0.33
Switzerland 8.98 6.63 9.55 6.93 0.58 0.30
Ukraine 0.48 1.73 1.26 1.94 0.78 0.21
United Kingdom 9.46 6.96 10.20 7.55 0.74 0.59
USA 7.86 4.89 8.90 5.61 1.04 0.71
Average CEE 
countries

countries

4.01 4.63 4.92 4.84 0.90 0.22

Average Western 
countries

countries

9.10 7.09 9.76 7.50 0.66 0.41

227

228

229 Discussion

230 Summary of results

231 In the 26 European countries studied, the share of mortality due to obesity in 2012 was, on 

232 average, 11% among men and 10% among women. PGLE due to obesity in 2012 ranged from 

233 0.86 to 1.73 years among men, and from 0.66 to 1.54 years among women. Overall, PGLE 

234 increased between 1975 and 2012, albeit more quickly among men (average annual 

235 increase: 2.68%) than among women (1.33%). Among women in Denmark, Switzerland, and 

236 the CEE countries the increase in PGLE levelled off after 1995. Without obesity, the average 

237 increase in e0 between 1975 and 2012 would have been 0.78 years higher among men and 

238 0.30 years higher among women.

239 Evaluation of data and methods 

240 Using the recent advances in obesity data, it is now possible to study the impact of obesity 

241 on life expectancy for a large number of countries and a long period of time. Two 

242 methodological issues warrant our attention, however. 
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243 First, in calculating the share of mortality due to obesity (OAMF), which also forms 

244 the basis for our PGLE calculations, we were hindered by limitations in the available 

245 prevalence and RRs data, which also affected the method used. As has previously been 

246 documented, OAMF estimates are sensitive to the data and the methods used (27). 

247 In selecting obesity prevalence data, we used the longest validated time series based 

248 on population-based measurement studies that are suitable for studying the impact of 

249 obesity on long-term life expectancy trends across Europe (13). For those countries with less 

250 available obesity data – especially the CEE countries a portion of the data we used were 

251 merely the result of modelling. Thus, the resulting estimates should be treated with some 

252 caution . By contrast, for the non-CEE countries, most of the data we used pertain to 

253 measured data (13). Supplementary Material, Table S3 gives the confidence intervals around 

254 the age-standardised prevalence estimates for each country by sex in order, as to provide 

255 more information on the relative reliability of the data for the different countries in our 

256 analysis. 

257 Because age- and sex-specific RRs of mortality associated with obesity are not readily 

258 available by country and year, we have decided to apply to all of the countries studied age- 

259 and sex-specific RRs from Western European and US populations that are largely suitable for 

260 our setting, as had previously been done (10). Although RRs could differ slightly across 

261 contexts, studies that compared RRs across continents found only small differences in RRs 

262 between Europe and North America (7). Consequently, we do not expect to observe large 

263 differences between individual countries.  In addition, as time-variant European RRs were 

264 not available, we had to apply time-constant RRs, even though it is possible that changes in 

265 the association of obesity with mortality – which could, for example, occur because of 

266 improvements in the treatment of chronic diseases – have affected the impact of obesity on 
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267 life expectancy. Previous studies that assessed changes over time in the association of 

268 obesity with mortality did so only for the US, and, unfortunately, provided mixed evidence, 

269 with some of these studies reporting a decline (18, 28, 29), and others finding an increase 

270 (30).Therefore, before implementing time-variant European RRs, more information on their 

271 direction is required. Similarly, comparable country-specific RRs are urgently needed. In 

272 addition, the choice of these RRs along with their reference group might exert an effect in 

273 our estimates.  Based on the available data, only a fairly simple – albeit common applied –

274 the weighted sum method could be applied (27) to estimate the OAMFs. The application of a 

275 more advanced methodology (27)  could have affected the OAMFs and thus the PGLE levels, 

276 but less the trends(31). The lack of information on the uncertainty of the RRs we used 

277 limited us in estimating confidence intervals for the OAMFs and PGLEs.

278 Second, besides being the result of the OAMFs, the PGLE estimates can also be 

279 affected by all-cause mortality levels and trends as age- and sex-specific all-cause mortality 

280 rates are used to estimate PGLE. Since all-cause mortality fluctuated greatly in CEE in the 

281 analysed period (12), short-term variations in PGLE in CEE countries should be treated with 

282 more caution.

283 Explanation of results 

284  In 2012, the PGLE due to obesity were, on average, 1.22 years for men and 0.98 

285 years for women in the 26 European countries, and 1.73 years for men and 1.43 years for 

286 women in the USA. A comparison of our 2006 e50 estimates with those of Preston et al. (10) 

287 for the same countries uncovered only small differences, except among men in the USA (our 

288 estimate was 0.56 years lower) and women in the UK (our estimate was 0.29 years lower) 

289 (see Supplementary Material, Table S4). Given that approximately the same methodology 

290 was used to estimate the OAMFs, the observed differences are most likely due to the use of 
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291 different obesity prevalence and RRs data. Preston used prevalence data from national 

292 representative surveys and RRs from the Prospective Studies collaboration (10). Given that 

293 the observed differences do not have the same direction for the different countries, we 

294 believe that these differences are mainly attributable to the prevalence data used.  To 

295 further evaluate our observed PGLE levels, we compared them with own PGLE estimates for 

296 smoking and alcohol (32). Our PGLE estimates for smoking were 2.38 years for men and 1.00 

297 year for women in Western Europe, and 3.82 years for men and 0.67 years for women in 

298 CEE. Our PGLE estimates for alcohol were 0.90 years for men and 0.44 years for women in 

299 Western Europe, and 2.15 years for men and 1.00 year for women in CEE (32) while our 

300 average PGLE for obesity was 1.08 among men and 0.86 among women in Western Europe, 

301 and 1.44 among men and 1.16 among women in CEE.  Thus, obesity’s impact on life 

302 expectancy lies between that of smoking and alcohol, and can be considered significant.

303 In our study, we found that PGLE due to obesity was increasing, but that this trend 

304 differed across countries and between the sexes. This overall trend can be explained by the 

305 general increase in obesity prevalence in European countries (see Supplementary Material, 

306 Figure S3) (13) and the resulting growth in the burden of obesity (3) , which is also reflected 

307 in the OAMFs (Figure 1, Figure S1) in these countries. 

308 At the same time, parts of the observed variation in the increase in PGLE estimates 

309 across the USA, Western Europe, and CEE and between the sexes reflect differences in the 

310 onset, the development, and the impact of the obesity epidemic in these countries and in 

311 men and women. Across the countries studied, the absolute increase in PGLE was largest 

312 among women and second-largest among men in the USA. This pattern is in line with 

313 evidence showing that between 1980 and 2008, obesity increased much more in the USA 
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314 than in Europe(1, 33). This rapid progression of the obesity epidemic in the USA and its large 

315 impact on life expectancy has been attributed to an increasingly obesogenic environment 

316 caused by factors such as changes in food preparation and processes that promote the 

317 consumption of calorically dense foods, and a pronounced decrease in physical activity levels 

318 (34). The obesity epidemic has progressed more slowly in Western Europe than in the USA(1, 

319 13). However, obesity levels in countries like the UK and Ireland are rapidly approaching 

320 those in the USA (35), as our PGLE estimates also show.   

321 In the CEE countries, the PGLE trends track the evolution of the obesity epidemic in 

322 that region (see Supplementary Material, Figure S3). Obesity levels have been higher in CEE 

323 than in Western Europe since 1980 (36, 37), which suggests that the epidemic started earlier 

324 in CEE. As a result of this earlier onset, the impact of obesity (as expressed in terms of OAMF 

325 and PGLE) in the 1970s and 1980s was at times even greater in CEE than in the USA, 

326 especially among women. While there are many potential explanations for this early onset 

327 of the obesity epidemic in CEE, the available data indicate that the main factors were the 

328 relatively high total energy supply and energy intake in CEE in those years (38). 

329 The overall progress of the obesity epidemic was lower in CEE than in Western 

330 Europe, and the increase was not constant (1). Indeed, in CEE, increases in obesity 

331 prevalence(1, 39), OAMFs, and PGLE stagnated in the 1980-2008 period, and were more 

332 pronounced in the 1990s (1, 39). However, as these countries started the study period with 

333 higher obesity prevalence levels, these trends resulted in the CEE having higher average 

334 PGLE levels than the West.   The pattern of stagnation observed in the CEE, could be 

335 explained by the decrease in energy supplies at the beginning of the 1990s in CEE (37) 

336 resulting from the dramatic economic and political changes in those countries (3, 36, 39) and 
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337 which in turn affected the socio-economic status of the population (SES). Among CEE 

338 women, the increase in obesity starting in the 1990s was smaller than it was in the previous 

339 period, and was smaller than it was among CEE men. The lower risk of obesity observed 

340 among women than among men with low socioeconomic status (SES) in low-income 

341 countries (40) may explain this difference. 

342 In Western Europe, a stagnation in PGLE levels was observed among women in 

343 Denmark and Switzerland after 1995. This finding seems to be in line with studies reporting a 

344 levelling-off of mean BMI since the 1990s (41); and in specific sub-populations, such as 

345 adults with high SES in regions within Switzerland, Italy, France, and Finland                                                                                                                                                                                                                                                                                                                                                                                                                                

346 (37). Although dietary and physical activity information is spreading equally across 

347 socioeconomic groups, those with higher SES have a greater ability and capacity to adopt a 

348 healthier dietary and physical activity pattern (42). In addition, it appears that higher SES 

349 women in particular are more health-conscious, have healthier food habits, and are more 

350 prone to follow nutritional recommendations (43) as they are under greater social pressure 

351 to be thin (44).  Similarly, countries with higher income levels and lower levels of inequality 

352 (45), like Switzerland and Denmark, tend to have lower obesity levels, especially among 

353 women. 

354 When we considered the impact of obesity on life expectancy in the 26 European 

355 countries, we found that without obesity, the increase in e0 between 1975 and 2012 would 

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

357 These figures account for approximately 10% of the average change in e0 between 1975 and 

358 2012 among men, and 5% among women. It is therefore clear that the impact of obesity on 

359 changes in e0 should not be ignored. Moreover, the impact of obesity on life expectancy 
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360 levels and on life expectancy trends is likely to increase, as previous studies have also 

361 suggested (8). There are several indicators pointing in that direction, including evidence that 

362 obesity’s  impact is already substantially greater in the USA (13% among men and 15% 

363 among women) than elsewhere; obesity prevalence is increasing rapidly in most European 

364 countries (see Supplementary Material, Figure S3); obesity is increasing in severity; and the 

365 duration of obesity is rising in younger generations (8). 

366 Conclusion and implications

367  Obesity was proven to have an impact on both life expectancy levels and trends in 

368 Europe. The observed differences in the increase in the impact of obesity across countries 

369 and between the sexes reflect differences in the onset and the progression of the obesity 

370 epidemic, and can be linked to contextual factors (economic conditions, obesogenic 

371 environment, energy supplies), as well as to differences in people’s ability and capacity to 

372 adopt healthier lifestyles. 

373 It is likely that in the future obesity will have a larger impact on mortality and life 

374 expectancy in Europe, as obesity prevalence and obesity-attributable mortality continue to 

375 increase in the majority of countries. These trends will have important health, economic, 

376 and social implications.  Specifically, the increasing prevalence of obesity among European 

377 populations, and especially at younger ages, will lead to an increased prevalence of obesity-

378 related disorders, as well as to increases in the mortality burden associated with obesity and 

379 in obesity’s effects on life expectancy and quality of life. Thus, obesity will constitute an 

380 additional burden for societies, economies, and public health. It is therefore crucial that 

381 effective public health initiatives are undertaken to tackle the obesity epidemic and its 

382 effects on public health. Such initiatives should address the multifactorial and complex 
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383 obesity aetiology; the clear differences between countries and the sexes; as well as the 

384 factors underlying these differences, such as contextual factors and differences in 

385 individuals’ ability and capacity to adopt healthier lifestyles.
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544 Figure legends

545 Figure 1: Age-standardised obesity-attributable mortality fractions in 26 European 
546 countries* (by 5 regions) and USA, 1975-2014, 18-100 years

547

548 * Countries within the same region are presented with the same colour

549 Central Europe: Czech Republic, Hungary, Poland, Slovakia

550 Eastern Europe: Belarus, Estonia, Ukraine, Latvia, Lithuania, Russian Federation

551 Northern Europe:  Denmark, Finland, Iceland, Norway, Sweden

552 Southern Europe:  Italy, Portugal, Spain

553 Western Europe: Austria, Belgium, France, Ireland, Luxembourg, Netherlands, Switzerland, 

554 United Kingdom

555 USA: United States of America

556

557 Figure 2: Potential gains in life expectancy at birth (PGLE) if obesity-attributable mortality 

558 was eliminated, in 26 European countries* (differentiating Western and Central Eastern 

559 Europe) and the USA, 1975-2012, 18-100 years

560

561 * Countries within the same region are presented with the same colour

562 Central Eastern Europe: Belarus, Czech Republic, Estonia, Hungary, Latvia, Lithuania, Poland, 

563 Russian Federation, Slovakia, Ukraine

564 Western Europe:  Austria, Belgium, Denmark, Finland, France, Iceland, Ireland, Italy, 

565 Luxembourg, Netherlands, Norway, Portugal, Spain, Sweden, Switzerland, United Kingdom

566 USA: United States of America

567

568 Figure 3: Average annual increase (%) in potential gains in life expectancy due to obesity in 

569 26 European countries and the USA between 1975-2012, in men

570

571 Figure 4: Average annual increase (%) in potential gains in life expectancy due to obesity in 

572 26 European countries and the USA between 1975-2012, in women

573
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Figure 1: Age-standardised obesity-attributable mortality fractions in 26 European countries* (by 5 regions) 
and USA, 1975-2014, 18-100 years 

* Countries within the same region are presented with the same colour 
Central Europe: Czech Republic, Hungary, Poland, Slovakia 

Eastern Europe: Belarus, Estonia, Ukraine, Latvia, Lithuania, Russian Federation 
Northern Europe:  Denmark, Finland, Iceland, Norway, Sweden 

Southern Europe:  Italy, Portugal, Spain 
Western Europe: Austria, Belgium, France, Ireland, Luxembourg, Netherlands, Switzerland, United Kingdom 

USA: United States of America 
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Figure 2: Potential gains in life expectancy at birth (PGLE) if obesity-attributable mortality was eliminated, in 
26 European countries* (differentiating Western and Central Eastern Europe) and the USA, 1975-2012 

* Countries within the same region are presented with the same colour 
Central Eastern Europe: Belarus, Czech Republic, Estonia, Hungary, Latvia, Lithuania, Poland, Russian 

Federation, Slovakia, Ukraine 
Western Europe:  Austria, Belgium, Denmark, Finland, France, Iceland, Ireland, Italy, Luxembourg, 

Netherlands, Norway, Portugal, Spain, Sweden, Switzerland, United Kingdom 
USA: United States of America 
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Figure 3: Average annual increase (%) in potential gains in life expectancy due to obesity in 26 European 
countries and the USA between 1975-2012, in men 
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Figure 4: Average annual increase (%) in potential gains in life expectancy due to obesity in 26 European 
countries and the USA between 1975-2012, in women 
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Table S1: Age-and sex-specific RRs of dying from obesity from the meta-review from 

Lobstein et al. (2010) 

 

 

 

 

 

 

 

*Reference group for the RRs: normal weight (18.5≥BMI≤24.9 kg/m2) 

  

Age RR* 

Men Women 

<50 1.55 1.5 

50-59 1.539 1.49 

60-69 1.5225 1.475 

70+ 1.495 1.45 
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Table S2: Potential gains in life expectancy at birth (PGLE) if obesity-attributable mortality 

was eliminated, in 26 European countries (differentiating Western and Central Eastern 

Europe) and the USA, in 1975 and 2012, 18-100 years 

 PGLE 1975 PGLE 2012 

Country Men  Women Men  Women 

Central Eastern Europe (CEE)     
Belarus 0.41 0.79 1.41 1.19 
Czech Republic 0.70 0.98 1.39 1.03 
Estonia 0.55 1.00 1.37 1.04 
Hungary 0.64 0.86 1.52 1.04 
Latvia 0.58 1.00 1.48 1.18 
Lithuania 0.54 1.05 1.67 1.31 
Poland 0.57 0.93 1.48 1.19 
Russian Federation 0.51 1.26 1.53 1.54 
Slovakia 0.43 0.62 1.31 0.96 
Ukraine 0.47 0.95 1.25 1.16 
Average CEE 0.54 0.94 1.44 1.16 
Western Europe      
Austria 0.40 0.39 1.03 0.73 
Belgium 0.55 0.61 1.17 0.97 
Denmark 0.42 0.46 1.04 0.79 
France 0.49 0.53 1.18 0.84 
Finland 0.45 0.40 1.19 0.90 
Ireland 0.38 0.31 1.21 1.01 
Iceland 0.49 0.48 0.97 0.80 
Italy 0.44 0.60 1.06 0.93 
Luxembourg 0.47 0.42 1.19 0.79 
Netherlands 0.29 0.39 0.86 0.88 
Norway 0.34 0.39 1.07 0.91 
Portugal 0.24 0.41 1.01 0.81 
Spain 0.42 0.66 1.22 1.05 
Sweden 0.42 0.43 0.91 0.76 
Switzerland 0.35 0.35 0.93 0.66 
United Kingdom 0.53 0.50 1.27 1.09 
Average Western Europe 0.41 0.48 1.08 0.86 
USA 0.69 0.72 1.73 1.44 
Average European countries 0.46 0.64 1.22 0.98 
Average all countries 0.47 0.64 1.23 1.00 
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Figure S1: Age-standardised obesity-attributable mortality fractions in 26 European countries*, 

grouped by 5 regions and USA, 1975-2014, 18-100 years 

 

* Countries within the same region are presented with the same colour 
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Figure S2: Potential gains in life expectancy at birth (PGLE) if obesity-attributable mortality was 

eliminated, in 26 European countries*, grouped by 5 regions and USA, 1975-2012, 18-100 years 

 

* Countries within the same region are presented with the same colour 
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Table S3: Age-standardised obesity prevalence and 95% confidence intervals, in 26 

European countries (differentiating Western and Central Eastern Europe) and USA, 18-100 

years in 2012.  

 Age-standardised (stand.) obesity prevalence (%) 

Country Age-

stand. 

prevalen

ce 

 

95% confidence 

intervals 

 

Age-

stand.  

prevalenc

e 

 

95% confidence 

intervals 

 
 Men Women 
Central Eastern Europe 

(CEE) 

    
Belarus 20.4 13.6; 28.5 25.4 17.7; 34.1 
Czech Republic 25.6 18.9; 33.4 25.2 

0 

18.3; 33.0 
Estonia 21.0 16.0; 26.8 

0 

22.7 17.4; 28.8 
Hungary 24.6 17.9;32.0 22.1 15.4; 29.8 
Latvia 22.2 15.2; 30.2 

    

25.8 18.4; 34.5 

 0.1 

 

Lithuania 23.8 16.9; 31.8 

0.09 

0.07 

0.08 

 

28.7 21.2; 37.1 
Poland 23.6 18.0; 29.7 25.7 19.5; 32.5 

 0.15 
Russian Federation 20.4 14.8; 26.8 29.1 22.6; 36.2 
Slovakia 22.2 15.7; 29.6 22.2 15.8; 29.6 
Ukraine 17.7 11.2; 25.7 23.9 16.3; 32.5 
Western Europe     
Austria 21.1 14.7; 28.2 19.1 13.4; 25.5 
Belgium 22.9 17.3; 29.1 22.7 17.1; 28.9 
Denmark 21.3 15.5; 27.9 

0.8; 

18.4 

0 

13.1; 24.5 
France 22.6 16.3; 29.6 23.1 16.9; 29.9 
Finland 22.3 17.1; 28.2 21.7  16.7; 27.3       

16.7; 27.3 
Ireland 26.2 

 

19.4; 33.8 26.0 19.5; 33.2 
Iceland 22.3 15.6; 29.8 21.0 14.7; 28.3 
Italy 22.3 17.0; 28.1 23.5 18.1; 29.6 
Luxembourg 24.9 17.6; 32.9 20.7 14.3; 28.0 
Netherlands 18.9 13.8; 24.5 20.3 15.3; 25.8 
Norway 24.5 18.5; 31.2 23.7 18.0; 30.2 
Portugal 19.6 13.8; 26.4 21.1 15.0; 28.1 
Spain 24.2 18.5; 30.5 26.4 20.3; 32.8 
Sweden 21.6 16.3; 27.4 19.8 14.7; 25.6 
Switzerland 22.0 16.3; 28.3 18.6 13.1; 24.8 
United Kingdom 26.5 

 

22.3; 31.2 29.1 24.8; 33.6 
USA 33.4 27.5; 39.5 35.5 29.7; 41.5 
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Table S4: Potential gains in life expectancy at age 50 (PGLE) if obesity-attributable 

mortality was eliminated, own estimates and those by Preston et al.2011, in the same 

countries studied, in 2006 

 Country PGLE e50 2006, 
own estimates 

PGLE e50 2006, 
Preston’s 
estimates 

Difference 

 

Men    

Austria 0.81 1.00 -0.19 

Belgium 0.95 0.98 -0.03 

Czech Republic 1.14 1.34 -0.20 

Denmark 0.88 0.82 0.06 

France 0.94 0.99 -0.05 

Italy 0.88 0.90 -0.02 

Netherlands 0.69 0.73 -0.04 

Poland 1.14 1.37 -0.23 

Spain 1.02 1.15 -0.13 

Sweden 0.75 0.72 0.03 

Switzerland 0.77 0.79 -0.02 

United Kingdom 0.99 1.34 -0.35 

USA 1.29 1.85 -0.56 

Women       

Austria 0.62 0.71 -0.09 

Belgium 0.86 0.73 0.13 

Czech Republic 0.87 1.01 -0.14 

Denmark 0.71 0.62 0.09 

France 0.72 0.52 0.2 

Italy 0.84 0.57 0.27 

Netherlands 0.76 0.69 0.07 

Poland 1.08 1.19 -0.11 

Spain 0.95 0.87 0.08 

Sweden 0.67 0.63 0.04 

Switzerland 0.59 0.50 0.09 

United Kingdom 0.94 1.23 -0.29 

USA 1.18 1.28 -0.10 
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Figure S3: Age-standardised obesity prevalence in 26 European countries*, grouped by 5 regions and 

USA, 1975-2012, 18-100 years 

 

* Countries within the same region are presented with the same colour  
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