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Abstract

Introduction: Obesity constitutes a major public health problem in Europe, but how the obe-
sity epidemic in European countries will evolve remains unknown. Most previous obesity pro-
jections considered the short-term future only, focused on single non-European countries,
and projected ongoing increases foremost. We comparatively project obesity prevalence into
the long-term future for 18 European countries and the USA. Data: We used national age-
specific (20-84 years) and sex-specific obesity prevalence estimates (1975-2016) from the
NCD Risk Factor Collaboration (NCD-RisC) 2017 study, which are based on available measured
height and weight data, supplemented with estimates from a Bayesian hierarchical model.
Methods: We projected age- and sex-specific obesity prevalence up to the year 2100 by in-
tegrating the notion of a wave-shaped obesity epidemic into conventional age-period projec-
tions. Results: In 1990-2016, the increasing trends in obesity prevalence were decelerating.
Obesity is expected to reach maximum levels between 2030 and 2052 among men, and be-
tween 2026 and 2054 among women. The maximum levels will likely be reached first in The
Netherlands, USA, and UK, and last in Switzerland; and are expected to be highest in the USA
and UK, and lowest in The Netherlands for men and Denmark for women. In 2060, obesity
prevalence is expected to be lowest among Dutch men and highest among Swiss men. The
projected age-specific obesity prevalence levels have an inverse U-shape, peaking at around
the age of 60-69 years. Discussion: Applying our novel approach to the NCD-RisC 2017 data,
obesity prevalence is expected to reach maximum levels between 2026 and 2054, with the
USA and UK reaching the highest maximum levels first, followed by other European countries.
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Introduction

Obesity has increased dramatically over the last 4 decades [1, 2]. While the USA currently
ranks first in obesity prevalence levels (36.5% in 2011-2014) [3], Europe is in second place
globally, with an average prevalence of 15.9% across EU member states in 2014 [4]. As obesity
is recognized as a major public health problem in Europe [2, 5], research to shed a light on its
likely future evolution in European countries is warranted.

Comparative long-term projections of obesity prevalence in Europe are, however, lacking.
With one exception, previous projections of adult obesity prevalence at the national level in
Europe and the USA have provided only short-term estimates, i.e., up to 2030 [6-14].
Moreover, most of the previous projection studies of adult mortality focused on only one non-
European country; usually the USA [6,9-14]. The 3 studies thatincluded >1 European country
provided forecasts that extended no more than 16 years into the future [7, 8, 12]. In addition,
the methodologies employed in these previous projections differed substantially, and not all
were able to produce realistic obesity estimates for the long-term future. For example, some
of the studies applied linear extrapolations that assumed that the strong past increase in
obesity would continue [6, 14], which, when applied to the long-term future, would generate
obesity levels close to 100%. Such a linear extrapolation of past increasing obesity prevalence
trends was also applied in a projection of the global obesity prevalence up to 2030 [15], and
as part of a recent forecast of life expectancy and all-cause mortality up to 2040 for 195 coun-
tries and territories [16]. The Organisation for Economic Cooperation and Development
(OECD) performed obesity projections for selected countries up to 2030, assuming that “BMI
will continue to rise as a linear function of time” [17]. Other studies, however, took into
account the recent evidence indicating that obesity prevalence may actually be leveling off
[18, 19], and projected a smaller increase up to 2030 [10] or a plateauing in some countries
by 2030.

This study aims to comparatively project obesity prevalence into the long-term future for
18 European countries and the USA using a novel approach.

Materials and Methods

Please see the online supplementary file I for additional details on the materials and
methods (for all online suppl. material, see www.karger.com/doi/10.1159/000511023).

Setting

We projected future obesity prevalence by age and sex for the national populations aged
20-84yearsinthe USAandin 18 non-Eastern European countries: Austria, Belgium, Denmark,
Finland, France, Germany, Greece, Iceland, Ireland, Italy, Luxembourg, The Netherlands,
Norway, Portugal, Spain, Sweden, Switzerland, and the UK.

Data

Obesity prevalence data (BMI >30) according to age (20-24, ..., and 85+ years), sex,
country, and year (1975 up to 2016) were obtained from the NCD Risk Factor Collaboration
(NCD-RisC) study in 2017 [20]. These data comprise the available measured height and
weight data, supplemented with estimates from a Bayesian hierarchical model based on
measured height and weight data from other years and related countries.

By applying Loess smoothing, we converted the NCD-RisC obesity prevalence estimates
according to 5-year age groups into estimates by single year of age (20-84 years).
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To enable the comparison of national obesity prevalence estimates over time, we esti-
mated age-standardized obesity prevalence using the country- and sex-specific population
age structure in 2010 from the Human Mortality Database [21].

Novel Projection Approach

We devised a methodology to project obesity prevalence that can generate realistic esti-
mates for both the short- and long-term future. We did so by implementing the notion of a
wave-shaped obesity epidemic, which was recently proposed by Xu and Lam [22]. Their
model is based on the smoking epidemic model, which illustrates that smoking prevalence
increased rapidly and then started declining several decades later, following the successful
enactment and implementation of prevention policies in response to the growing social
awareness of the negative health effects of smoking [22, 23]. The idea of a wave-shaped
evolution of obesity is also in line with the conceptual model of the obesity transition recently
proposed by Jaacks et al. [24], which includes a fourth stage in which obesity prevalence is
assumed to decline. This assumption is supported by several studies that have reported
either a leveling off or stagnation of the increasing obesity trend in the USA [18] and among
adults with a high socioeconomic status in Switzerland, France, and Finland [19], or a declining
obesity trend among children [25-27].

To integrate the notion of a wave-shaped obesity epidemic into our projection method-
ology, we utilized the fact that a wave pattern for prevalence is obtained when the logit of
prevalence (= logistically transformed prevalence) has a quadratic shape. To obtain a
quadratic shape, we focused on the first-order difference of the time trend in the logit of prev-
alence, which we refer to as the “speed of change”. That is, a quadratic shape is obtained when
the speed of change declines linearly over time, from a positive speed (increase), to a zero
speed (maximum level), to a negative speed (decline). Thus, by linearly extrapolating the
speed of change of the logit of obesity prevalence, we could obtain a wave-shaped pattern
based on the data.

For our analysis, we adjusted the Lee and Carter [28] benchmark age-period mortality
projection methodology [29], which decomposes logged age-specific mortality into a time-
invariant age pattern, an overall time trend across all ages, and the age-specific magnitude of
this time trend; and subsequently extrapolates the overall time trend into the future. We
applied the model to logistically transformed age-specific obesity prevalence, and linearly
extrapolated the speed of change in the overall time trend of the logit of obesity. We linearly
extrapolated the speed of change from the year 2000 onwards, because the decline in the
speed of change was steadier during this period than before (see Fig. 2).

Because it is not likely that future obesity prevalence will ever reach zero [22], we imple-
mented country- and sex-specific lower limits in our forecast by making use of the observed
obesity prevalence levels in 1975. These represent the oldest available comparable data.

By performing 100,000 simulations, we obtained projected age-specific and age-stan-
dardized obesity prevalence (medians) and their 95% projection intervals by country and sex
up to the year 2100.

Results

In the 18 European countries in 2016, the age-standardized (estimated) obesity preva-
lence (for the age group 20-84 years) ranged from 22.7% in Portugal to 29.3% in the UK for
men, and from 19.5% in Switzerland to 31.3% in the UK for women. The age-standardized
obesity prevalence was higher in the USA, at 37.5% for men and 39.5% for women (Table 1,
left).
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Table 1. Estimated (2016)* and projected (2060) age-standardized obesity prevalence (%; ages 20-84
years) in the 18 European countries and the USA, by sex

Country Age-standardized obesity prevalence (%; ages 20-84 years)
estimated (2016)*

projected (2060) and 95% projection intervals

men women men women
Austria 24.0 21.2 25.8 (21.8; 31.6) 20.6 (18.1; 24.3)
Belgium 25.7 24.4 27.3 (24.0;31.9) 23.2 (21.2; 26.3)
Denmark 24.6 19.8 29.4 (26.2; 33.5) 21.1 (19.5; 23.3)
Finland 26.4 24.8 30.0 (25.3; 36.5) 24.3 (21.5; 28.5)
France 24.5 24.1 24.3 (21.4; 28.4) 21.3 (19.7; 23.6)
Germany 27.2 25.3 31.0 (27.1;36.2) 26.2 (23.7; 29.6)
Greece 26.5 29.2 33.3 (31.1; 36.0) 28.2 (27.1; 29.6)
Iceland 26.0 21.6 27.3 (23.3;33.0) 19.6 (17.6; 22.5)
Ireland 27.3 28.2 26.6 (22.6;32.3) 24.3 (21.3; 28.5)
Italy 23.1 239 21.1 (18.6; 24.6) 21.4 (19.8; 23.8)
Luxembourg 26.8 23.2 26.1 (23.4; 29.6) 19.8 (18.4; 21.7)
The Netherlands 23.3 23.8 13.2 (11.8; 15.1) 13.3 (12.5; 14.5)
Norway 25.9 25.5 22.0 (18.3; 27.8) 19.9 (17.6; 23.4)
Portugal 22.7 24.9 18.0 (15.0; 22.4) 17.7 (15.8; 20.3)
Spain 27.5 27.2 30.0 (27.4; 33.3) 27.0 (25.2; 29.3)
Sweden 25.0 20.8 25.3 (21.5; 30.7) 19.8 (17.7; 23.0)
Switzerland 24.4 19.5 37.0 (33.6; 41.2) 26.8 (24.4; 29.9)
UK 29.3 31.3 24.1 (21.6; 27.7) 25.7 (23.4; 28.9)
USA 37.5 39.5 26.9 (22.6; 33.7) 29.1 (25.4; 35.1)

* Source data: NCD-RisC 2017. This data source relies on the available national measured height and
weight data, supplemented with estimates from a Bayesian hierarchical model based on information
from other years and related countries. We converted the data into data by single year of age (20-84
years), and applied age-standardization using the country- and sex-specific population age structure in
2010.

Between 1975 and 2016, obesity prevalence increased in all the countries studied,
although not uniformly (Fig. 1). Especially among women, we observed a recent slowing of
the increasing trend in obesity prevalence, particularly in Finland, Greece, and Spain, and, less
recently, in Switzerland (Fig. 1).

Overall, the change in the time trend (= speed of change) of the logit of obesity prevalence
from 1990 onwards declined for all countries, which indicates that the increasing trend in
obesity prevalence was decelerating between 1990 and 2016 (Fig. 2).

In Figure 3, the age-standardized (estimated) obesity prevalence (for the age group
20-84 years) from 1975 to 2016, and the expected obesity prevalence levels and their 95%
projection intervals from 2017 to 2100, are presented by sex for all countries. The assumed
wave pattern of the obesity epidemic is clearly visible.

The USA (44%), UK (37%), and Ireland (36%) are the countries that are expected to
reach the highest maximum levels after a deceleration of the increasing trend (Fig. 3; Table
2). The lowest maximum levels are expected for men in The Netherlands (28%) and for
women in Denmark (24%). The year in which the various countries are expected to reach the
maximum level ranges from 2030 in The Netherlands to 2052 in Switzerland for men, and
from 2026 in The Netherlands to 2054 in Switzerland for women. Next to The Netherlands,
the USA (in 2031), Portugal (in 2032), Norway (in 2033), and the UK (in 2033 /2034) are also
expected to reach their maximum levels relatively early.
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Fig. 1. Age-standardized obesity prevalence (%; ages 20-84 years) in 18 European countries and the USA in
1975-2016, by sex. For source data, see the footnote to Table 1.

Our projection indicates that after these maximum levels have been reached, obesity will
decline at a decelerating pace (Fig. 3). Table 1 (right) summarizes the expected age-stan-
dardized obesity prevalence levels, along with the 95% projection intervals, for the year
2060. Among men, the expected prevalence levels range from 13.2% (The Netherlands) to
37.0% (Switzerland). Among women, the expected prevalence levels range from 13.3% (The
Netherlands) to 29.1% (USA).

Our projected age-specific obesity prevalence levels (online suppl. file 1], Fig. S1) display
an age pattern similar to the pattern observed in the past, with an inverse U-shape peaking
at around the age of 60-69 years.

Discussion
Summary of Results
In 2016, the age-standardized (estimated) obesity prevalence (for the age group 20-84

years), based on the NCD-RisC 2017 data, ranged from 29.3% (UK men) to 19.5% (Swiss
women) in the 18 European countries, compared to about 38.5% in the USA. In the period
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Fig. 2. Speed of change over time (= velocity) of the transformed logit of the obesity prevalence f; (ages 20-
84 years) in 18 European countries and the USA in 1990-2016, by sex. For source data, see the footnote to
Table 1.

1990-2016, the increasing trends in age-standardized obesity prevalence were decelerating.
By extrapolating the declining speed of change in the obesity prevalence estimates from 2000
onwards, we projected that obesity will reach its maximum levels between 2030 and 2052
among men and between 2026 and 2054 among women. The maximum levels will likely be
reached first in The Netherlands, USA, and UK, and last in Switzerland; and are expected to
be highest in the USA (44%) and UK (37%) and lowest in The Netherlands for men (28%) and
in Denmark for women (24%). Projections for 2060 indicate that obesity levels will range
from 13.2% (Dutch men) to 37.0% (Swiss men). As in the past, the projected age-specific
obesity prevalence levels have an inverse U-shape, peaking at around the age of 60-69 years.

Discussion of the Results

A direct comparison of our obesity prevalence projections with previous projections is
hampered by the use of different data (e.g., self-reported vs. measured), age groups, and fore-
casting methodologies (see also “Evaluation of Data and Methodology”). However, most of the
previous projections provided short-term forecasts only, and they projected that obesity will
increase or, at best, stagnate. Our projections, on the other hand, provide estimates, for the
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Fig. 3. Estimated* and projected age-standardised obesity prevalence (ages 20-84 years) in 18 European
countries and the USA in 1975-2100, by sex. *For source data, see the footnote to Table 1.

long-term, of an initial increase followed by a decline. The previous forecasts that used data
comparable to ours, but applied linear extrapolation [6, 14], projected considerably higher
obesity levels than we have. Wang et al. [6] projected for the USA that, by 2030, 51% of all
adults will be obese. McPherson et al. [14], with the only previous projection for up to 2050,
projected for the UK that, by 2050, 50% of adult women and 60% of adult men will be clini-
cally obese. Thomas et al. [11], who used a dynamic model that included social and nonsocial
influences on weight gain, predicted an obesity prevalence in the USA that remains approxi-
mately level from their latest observation (2008) up to 2030, thus predicting obesity esti-
mates for the short-term future that were lower than ours. Finkelstein et al. [10], who used a
nonlinear regression model, projected that adult obesity prevalence levels in the USA in 2030
will be 44%, which is almost equal to our projection outcome. However, these previous
projections do not provide insights into what is likely going to happen in the long term.

By applying the theoretical model of Xu and Lam [22] to recent national obesity preva-
lence data for 18 European countries and the USA, we were able to demonstrate that there
are important cross-country variations, not only in the increasing trend in obesity prevalence
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Table 2. Projected maximum levels of age-standardized obesity prevalence (ages 20-84 years) and the year these levels will
likely be reached in the 18 European countries and the USA, by sex

Country Projected maximum obesity prevalence (%) Projected year that the maximum will be
and 95% projection intervals reached and 95% projection intervals
men women men women

Austria 32.6 (30.5; 36.0) 25.9 (24.6; 27.9) 2040 (2035; 2045) 2037 (2033; 2043)
Belgium 33.1(31.4;35.7) 27.1(26.2; 28.7) 2040 (2036; 2045) 2036 (2031; 2043)
Denmark 34.2 (32.5; 36.7) 24.0 (23.1; 25.2) 2042 (2039; 2047) 2041 (2037; 2045)
Finland 34.7 (32.4; 38.6) 28.7 (27.4; 30.9) 2042 (2036; 2049) 2037 (2032; 2045)
France 31.6 (30.1; 33.9) 27.1(26.3; 28.2) 2038 (2034; 2042) 2034 (2030; 2038)
Germany 36.4 (34.4; 39.6) 30.3(29.1;32.3) 2041 (2037; 2047) 2039 (2035; 2045)
Greece 37.4 (36.1; 39.1) 32.5(32.0; 33.1) 2044 (2042; 2047) 2036 (2034; 2039)
Iceland 34.1 (32.0; 37.3) 24.1 (23.3; 25.6) 2039 (2035; 2045) 2034 (2030; 2041)
Ireland 36.8 (34.7; 39.9) 35.5(34.0; 37.7) 2037 (2034; 2042) 2035 (2032; 2039)
Italy 28.3(27.1;30.1) 26.4 (25.7; 27.5) 2036 (2032; 2041) 2034 (2030; 2039)
Luxembourg 34.7 (33.3; 36.6) 26.4 (25.8; 27.4) 2037 (2035; 2041) 2033 (2031; 2037)
The Netherlands 28.0 (27.2; 29.1) 25.6 (25.2; 26.1) 2030 (2028; 2032) 2026 (2024; 2028)
Norway 32.8(30.9; 35.9) 28.8 (27.8; 30.5) 2035 (2031; 2041) 2031 (2028; 2037)
Portugal 29.4 (27.8; 31.9) 27.9 (27.1; 29.1) 2034 (2031; 2039) 2030 (2027; 2034)
Spain 35.2 (33.9; 37.0) 30.2 (29.5;31.4) 2041 (2037; 2044) 2037 (2033; 2043)
Sweden 33.1(31.1;36.2) 24.6 (23.5; 26.4) 2038 (2034; 2044) 2036 (2032; 2042)
Switzerland 379 (35.4;41.4) 27.1(25.3; 29.9) 2052 (2047; 2058) 2054 (2047; 2062)
UK 36.9 (35.6; 38.8) 36.9 (35.9; 38.5) 2034 (2032; 2038) 2033 (2031; 2037)
USA 43.6 (41.7; 46.8) 44.4 (42.9; 47.0) 2031 (2028; 2037) 2031 (2027; 2036)

but in the expected future levels and regarding the expected timing of the maximum level.
Thus, our findings highlight that the severity of the obesity epidemic differs between coun-
tries. When we compared our estimates of the timing of the maximum obesity level with the
estimates based on the hypothesis of Xu and Lam [22] (which states that a maximum will be
reached about 30 years after obesity prevalence is 30%), we found that, overall, these esti-
mates were quite similar (online suppl. file I, Table S1). However, for individual populations,
important differences could be observed, which suggests that not only the level of obesity
prevalence but also the past progression of the obesity epidemic are indicative of the timing
of the maximum levels. Also, our expected maximum levels (of up to 44%, reached in the USA)
are quite distant from the theoretical worldwide maximum obesity level of 60% that Xu and
Lam [22] postulated. Thus, our results clearly suggest that the outcomes of a general theo-
retical model designed for application worldwide differ from those of an application of the
theory to data for a subset of countries.

We project that the USA and UK will reach the highest maximum levels and will reach
these relatively early. This outcome is in line with their current forerunner positions, the
previous literature, and a previous forecast that focused on few European countries and the
USA [8]. The UK is regarded as the forerunner in obesity in Europe, not only because it has
high levels of obesity, but because the increase in obesity prevalence has been greater than
increases elsewhere in Europe [20, 30-34] and are similar to trends observed in the USA [32,
34, 35]. In addition to having similar obesity levels and progression histories [1, 34, 35], the
UK and USA share certain characteristics that might predispose their populations to having
similar eating and physical activity habits (e.g., there is widespread consumption of fast food,
levels of socioeconomic inequality are high, and obese people are stigmatized) [35, 36].
However, the UK is expected to reach lower maximum levels and a couple of years later than
the USA, possibly due to differences in socioeconomic conditions, food policies, and access to
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food technology in these 2 countries [32, 35]. All in all, however, the trends in the UK are
following those in the USA rather closely, while the trends in the other European countries,
led by Ireland, are following those in the UK.

Variations in timing and levels of obesity prevalence that we project for the remaining
European countries can largely be explained by their current obesity prevalence rankings.
The current differences between countries reflect differences in the onset and progression of
the obesity epidemic, which are related to differences in cultural, socioeconomic, nutritional,
and environmental conditions [20, 36].

Our projection shows that, for many countries, the obesity level rankings in 2016 are
approximately the same as their projected (maximum) obesity level rankings. For example,
Ireland, Greece, and Spain (and the USA and UK) are projected to maintain their relatively
high obesity prevalence levels; Iceland, Belgium, and Finland are projected to maintain their
intermediate levels; and Sweden is projected to maintain its relatively low obesity prevalence
level. These outcomesare inline with our expectations as well as with arecent study projecting
obesity up to the year 2025 in European countries [12].

However, the projected obesity level rankings and the currently observed obesity level
rankings were notaligned in all the countries studied. In particular, Switzerland and Denmark,
which have low-to-intermediate rankings, based on the latest available obesity data, are
projected to have intermediate-to-high rankings in the future. On the other hand, The Neth-
erlands and Portugal, which currently have low-to-intermediate rankings, are projected to
have very low rankings in the future, mainly due to favorable trends among women. Moreover,
Norway is projected to go from having an above-average obesity prevalence level to a below-
average level. These projected changes in country rankings can be explained by the cross-
country differences in the deceleration in obesity increases after the year 2000 (Fig. 2).

Evaluation of the Data and Our Methodology

Any projection outcome depends on the data, model, and underlying assumptions used.
For the data, we selected the longest available time series (1975-2016) of age- and sex-
specific obesity prevalence data that are comparable over time and between populations, in
ordertoarrive atreliable and comparable extrapolations. The data we used from the NCD-RisC
2017 study relied on meticulous collection and pooling of the available population-level
based information by country on measured height and weight. A Bayesian hierarchical model
was used to generate estimates for each country and year based on the available data, and
data from other years and related countries [20]. Their model has been validated [30], and
the WHO adopted the estimates generated as part of their Global Health Observatory Data
Repository [37].

It is important to mention that the NCD-RisC obesity prevalence estimates, relying on
measured height and weight data, are generally substantially higher than national obesity
prevalence estimates that rely on self-reported height and weight. Our online supplementary
file 111, which provides a comparison of obesity prevalence estimates from different data
sources, also illustrates this point. Because people with a high BMI tend to underreport their
body weight, self-reported BMI data can indeed be substantially biased downwards [38-40].
Moreover, because this bias varies over time, obesity prevalence trends based on self-reported
height and weight data tend to be biased [38, 41].

Although the NCD-RisC 2017 obesity data avoid this bias, the data are primarily estimates
based on the available national measured height and weight data which are often incomplete,
and thus uncertain. Table 1 of the online supplementary file III shows that levels of uncer-
tainty are highest in Austria, Luxembourg, Portugal, France, and Switzerland; and lowest in
the UK and USA. Furthermore, it should be noted that our projected levels of obesity preva-
lence relate to the smoothed NCD-RisC 2017 obesity prevalence estimates for the age group
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Table 3. Projected annual absolute changes in age-standardized obesity prevalence (%; ages 20-84 years) in 18 European coun-
tries and the USA, by sex, from 2016 until the year that the maximum is projected to be reached (peak year), and from the peak
year to 2060

Country Year that the maximum is Projected annual change in obesity Projected annual change in obesity

projected to be reached prevalence from 2016 to peak year prevalence from peak year to 2060

(peak year) (in percentage points) (in percentage points)

men women men women men women
Austria 2040 2037 0.36 0.22 -0.34 -0.23
Belgium 2040 2036 0.31 0.14 -0.29 -0.16
Denmark 2042 2041 0.37 0.17 -0.27 -0.15
Finland 2042 2037 0.32 0.18 -0.26 -0.19
France 2038 2034 0.32 0.16 -0.33 -0.22
Germany 2041 2039 0.37 0.22 -0.29 -0.20
Greece 2044 2036 0.39 0.17 -0.26 -0.18
Iceland 2039 2034 0.35 0.14 -0.32 -0.18
Ireland 2037 2035 0.45 0.38 -0.44 -0.45
[taly 2036 2034 0.26 0.14 -0.30 -0.19
Luxembourg 2037 2033 0.38 0.19 -0.38 -0.25
The Netherlands 2030 2026 0.33 0.18 -0.49 -0.36
Norway 2035 2031 0.36 0.22 -0.43 -0.31
Portugal 2034 2030 0.37 0.21 -0.44 -0.34
Spain 2041 2037 0.31 0.14 -0.27 -0.14
Sweden 2038 2036 0.37 0.19 -0.35 -0.20
Switzerland 2052 2054 0.37 0.20 -0.11 -0.05
UK 2034 2033 0.42 0.33 -0.49 -0.42
USA 2031 2031 0.41 0.32 -0.58 -0.53

20-84 years, which we age-standardized using the country- and sex-specific population age
structure in 2010. Because trends over time based on the NCD-RisC data, and based on our
slight adjustments of these data seem to resemble the trends in the national measured height
and weight data from the OECD database (online suppl. file III, Fig. I), our projected maximum
year of obesity prevalence and the projected annual absolute increases and subsequent
declines (Table 3) can be applied to the available national obesity prevalence data based on
measured height and weight.

In terms of the methodology, we applied a novel approach to enable the projection of
obesity into the long-term future. Most previous obesity projections considered the short-
term future only [6-14] and used methodologies not designed to generate reliable long-term
estimates. For example, linear extrapolations of past trends in obesity prevalence [6, 14-17]
tend to generate unrealistically high obesity prevalence levels for the long-term future.
Instead of extrapolating past trends in obesity prevalence, we extrapolated changes in these
trends (first-order differences), and consequently projected declines in obesity prevalence in
the long term. These projected long-term declines are in line with the wave-shaped obesity
epidemic model proposed by Xu and Lam [22], the fourth stage of the conceptual model of the
obesity transition proposed by Jaacks et al. [24], and the decline in obesity prevalence among
children observed in many developed countries [25-27].

However, the assumption that obesity is an epidemic with an underlying wave pattern
has been debated [19] and is not set in stone. For example, some scholars have argued that
previous studies reporting decelerating increases have misinterpreted the data due to bias,
and that any stagnation is temporary and will be followed by further increases [19]. But
evidence showing that obesity has been declining among children in many developed coun-
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tries [25-27] bolsters the claim that obesity is a wave-shaped epidemic, as these cohorts of
leaner children will likely grow into leaner adults [24]. Moreover, our finding thatthe increases
in obesity between 1990 and 2016 were decelerating for all countries under study is an
important observation that is in line with the wave-shaped epidemic model. However, to
ensure that this decelerating trend leads to a leveling off, followed by a decline in obesity in
the long run, effective, ongoing public health action aimed at tackling obesity is required.

We applied one model for the sex-specific populations of 18 European countries and the
USAto obtain obesity estimates for the long-term future that can be readily compared between
the different countries. So far, the comparison of obesity projection outcomes was hampered
by the use of different data, methodologies, and underlying assumptions. For the projection
of obesity prevalence in individual countries, however, it may be beneficial to include country-
specific information on the determinants of (trends in) obesity prevalence in the model.

We modeled and projected obesity prevalence using age-period modeling and projecting.
This often-used approach accounts for age-specific differences in obesity prevalence and
differences over (calendar) time. However, it does not capture differences in obesity preva-
lence between birth cohorts or generations, even though recent studies have clearly demon-
strated the importance of including the cohort dimension (next to age and period) in analyses
of obesity prevalence trends [42-44] and obesity-attributable mortality [33]. We decided to
apply age-period modeling mainly because the application of age-period-cohort modeling to
the data resulted in unrealistically similar cohort patterns for the different countries. This
problem likely arose because the data were estimated using a model that included only the
age and period dimensions [20]. We recommend that future obesity projections include the
cohort dimension in obesity projections. For our projection approach, this would mean
extending the underlying model and appropriately projecting the population-specific cohort
parameters.

As in any projection or extrapolation of past trends, our projection outcomes were
dependent on the underlying data used and the explicit choices made [45]. For example,
choosing a different start year (instead of 2000) for the extrapolation of the speed of change
would result in different levels and years at which the maximum will be reached (online
suppl. file I, Tables S2 and S3). However, the overall conclusions would be unchanged. The
assumed lower limits could also affect our projection outcomes. In choosing these limits, we
optimally used both the available theory and available data, accounting for country and sex
differences in the importance of the obesity epidemic. Our assumed lower limits proved, on
average, to be very close to the 10% level that Xu and Lam [22] expected obesity to reach at
the final stage of the epidemic (online suppl. file II, Fig. S2). Our sensitivity analysis revealed
that the assumed level of the lower limits has a large effect over the long run, but a smaller
effect on the expected maximum level of obesity and its timing (online suppl. file I). Still, our
projection outcomes need to be interpreted with the assumed lower limits in mind. In fact,
the assumed lower limit can be regarded a model parameter which can be adjusted, e.g., to
assess the likely influence of an important change in public health policy.

Conclusions

Applying our novel approach to project obesity prevalence into the long-term future to
the NCD-RisC 2017 data, we estimated that the obesity epidemic will, on average over the 18
European countries studied, reach its peak in 2037 at an average age-standardized obesity
prevalence level of 31% for the age group of 20-84 years. Although dependent on the under-
lying data and assumptions, this projected level represents a considerable increase from the
estimated average level of 25% in 2016. Furthermore, we also estimated large cross-country
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differences in future obesity prevalence that are mostly (although not completely) in line with
the current obesity prevalence rankings. The USA and UK are expected to maintain their fore-
runner positions in the obesity epidemic.

In our approach, we implemented the notion of a wave-shaped obesity epidemic, in line
with the model recently proposed by Xu and Lam [22], the conceptual model proposed by
Jaacks et al. [24], recent literature indicating obesity declines among children, and our obser-
vation that the increasing obesity trend has been decelerating for all studied populations
between 1990 and 2016. To ensure that this slowdown in the increasing trend in obesity
continues and turns into the projected declines in the long run, effective, ongoing public
health action aimed at tackling obesity is required. For countries with continuously high
obesity prevalence (e.g., the USA, UK, Ireland, Greece, and Spain) and those expected to lose
their favorable position (e.g., Switzerland and Denmark), we recommend special attention.
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