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Abstract

Background/Aims: To project the numbers of pre-obese (BMI 25-29.99 kg/m?) and obese
(BMI > 30 kg/m?) men and women aged 50+ in Germany until 2030 and to compare our es-
timates with actual figures from four European countries and the USA. Estimates are based
on six scenarios encompassing improvements as well as worsenings of current trends. Meth-
ods: We used pooled data from 1999 to 2009 of the German Microcensus (n = 1,472,547).
Using multinomial logistic regression models we estimated age-specific probabilities of pre-
obesity and obesity and applied them to the 12th population projection of the Federal Sta-
tistical Office. Results: We project overall increases in absolute numbers of pre-obesity rang-
ing between 14.2 and 18.2 million. However, the prevalence of pre-obesity is likely to decrease
slightly. In contrast, absolute and relative numbers of obesity are projected to increase, rang-
ing between 7.2 and 15.8 million. The international comparison revealed that pre-obesity
prevalences will remain among the highest in Germany, while obesity is projected to fall below
current levels of the UK or the USA. Conclusion: Pre-obesity and, particularly, obesity are
likely to become a more prominent health issue in Germany in the near future which could
have large repercussions for the public health system. © 2014 S. Karger GmbH, Freiburg

Introduction

Life expectancy has increased markedly in almost all industrialized countries in recent
decades. However, these increases are not inevitably healthy life years, and critics alert that
gains in life expectancy might be offset by the continuous increase in the numbers of over-
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weight people [1-4]. Between 1980 and 2008, the mean BMI increased worldwide by 0.4
kg/m? for males and by 0.5 kg/m? for females per decade. The age-standardized prevalence
of obesity increased simultaneously from 4.8 to 9.8% for men and from 7.9 to 13.8% for
women, amounting to a total number of overweight adults (BMI > 25 kg/m?) of 1.46 billion
in 2008, with about 500 million of them being obese (BMI > 30 kg/m?) [2]. Forecasts suggest
that the global trend towards increases in BMI will continue in the future [5-11].

For Germany, studies on overweight (BMI > 25 kg/m?) have so far only focused on past
and recent trends [12-15], finding overall rising numbers of people with excess weight.
However, to our knowledge, no attempts have hitherto been made to forecast the future
number of overweight people. The present study closes this gap and provides estimates of
the future number of overweight people in Germany until 2030. Our estimates are based on
six scenarios encompassing improvements as well as worsenings of current trends.

Like other industrialized countries, population aging is one of the major challenges
Germany will have to face in the coming decades. As BMI increases with age, excess weight
among the elderly has become an emerging health issue and is an important determinant of
healthy aging and mortality [16-19]. Therefore, this study focuses on the future number of
overweight people in the German population aged 50+.

Germany is characterized by the ‘natural experiment’ of reunification and, thus, provides
an interesting context for studying the long-term effects of different socioeconomic and
political environments on health [20]. Ever since comparisons between East and West
Germany were possible, overweight prevalences have generally been higher in the East,
which is attributed to different eating patterns in both parts of the country before reunifi-
cation [21-23]. To determine whether there are any long-lasting differences between the two
parts of the country, we performed our analysis separately for East and West Germany.

The degree to which a population is overweight varies across countries. Prevalences are
higher in the south of Europe than in the north, and they have reached alarming dimensions
in the USA and the UK with about two thirds of the population being overweight [2, 16, 24].
Therefore, we compared our estimates with four other European countries, i.e. Denmark,
France, Spain, and the UK, and with the USA. Since there are no international comparable esti-
mates about the future numbers of overweight for the age of 50+, we started from the premise
that the proportion of people with excess weight in those countries has remained constant at
today’s level until 2030, questioning at what point in time and according to which scenario
we would reach comparable levels of overweight.

Material and Methods

We used the Scientific Use File (SUF) of the German Microcensus and the 12th coordinated population
projection of the Federal Statistical Office. The SUF is a 70% subsample of the original Microcensus sample,
which is provided for scientific usage without restrictions. The German Microcensus is a 1% household
sample conducted once a year since 1957 in the former German Federal Republic (GFR) and since 1991 also
in East Germany. Participation in the survey is obligatory by law. Registered residents living in private house-
holds or public institutions, including foreign households, are eligible to participate. Family members of
foreign armed forces and diplomatic missions are not included in the sample. The participating households
are randomly selected by cluster sampling [15].

Information on overweight is included for the years 1999, 2003, 2005, and 2009 and is based on self-
reported measurements on weightand height. Pooling all four waves together, the datasetincluded 1,472,547
individuals. We calculated BMI by dividing the weight in kilograms by the squared height in meters (kg/m?).
Based on World Health Organization standards, we classified respondents with a BMI below 18.5 kg/m? as
underweight, and those with a BMI between 18.5 and 24.9 kg/m? were placed in the normal weight category.
We separated overweight (BMI > 25 kg/m?) into pre-obesity and obesity. Respondents with a BMI between
25 and 29.99 kg/m? were classified as pre-obese, and those with a BMI greater or equal to 30 kg/m? were
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Table 1. Age polynomials and significance levels (p-values) estimated from the multinomial regression
models for males and females in East and West Germany for the year 2009 (base year)

East males West males East females West females
ME p-value ME p-value ME p-value ME p-value
Pre-obesity
Age 0.065778  0.017 0.604501 0.000 -0.203422 0.000 0.425622  0.000
Age? 0.000211  0.694 -0.016362  0.000 0.005427  0.000 -0.013108 0.000
Age® -0.000007 0.030 0.000204 0.000 -0.000037 0.000 0.000188  0.000

Age* - - -0.000001  0.000 - - -0.000001 0.000
Constant -2.418491 0.000 -8.441584  0.000 1.319046  0.003 -6.076805 0.000
Obesity
Age -0.014644 0.721 0.631855 0.000 -0.324914 0.000 0.492229  0.000
Age? 0.002754  0.000 -0.017640  0.000 0.008405  0.000 -0.015564 0.000
Age?® -0.000027 0.000 0.000234 0.000 -0.000058 0.000 0.000230  0.000
Age* - - -0.000001  0.000 - - -0.000001 0.000
Constant -3.236842 0.000 -10.049480 0.000 1.609855  0.013 -8.031885 0.000
Underweight
Age -0.051136 0.524 -1.185492  0.000 -0.016408 0.773 -0.485339 0.000
Age? -0.000005 0.997 0.033167 0.000 -0.001398 0.213 0.013520  0.000
Age?® 0.000006  0.575 -0.000403  0.000 0.000017  0.017 -0.000173 0.000
Age* - 0.000002 0.000 - 0.000001  0.000

Constant -1.298033 0.303 12.241690 0.000 -0.551933 0.537 4476358 0.002

ME = Marginal effects.

categorized as obese. For the final analysis, we excluded individuals who provided no or incomplete infor-
mation on weight and height. The final sample size was 809,976.

The 12th population projection provides information about the development of the German population
separately for East and West Germany until 2060. The present study is based on the medium variant (model
1-W1) [25].

The base year for our projections was 2009, and we distinguished between the outcome categories
underweight, normal weight, pre-obesity, and obesity. We modelled the age profile of each category by esti-
mating a polynomial in a multinomial logistic regression model (equation 1):

In(ﬁ)i =a+f; *age+ f, *age’ +... B, *age" = Z, (D).

Here, i denotes the M outcome categories underweight, normal weight, pre-obesity, and obesity. Age is
included as a numerical variable and ranges between 25 and 85. As the fit of polynomials proved to be
different, we ran separate models for males and females in East and West Germany. For East Germany, the
best fit proved to be a polynomial 3rd degree, for West Germany a polynomial 4th degree. In all models
normal weight served as a reference group. The estimation results are displayed in table 1.

We derived our assumptions on the trends in the four categories by estimating the time trend from the
four Microcensus waves again by applying a multinomial regression model (equation 2):

|n(1_i)i =a+ f, *age+ [, *age’ +... f, *age" + 75 % (2).

Here, t;; denotes the time trends for the two age groups j < 70 and j = 70+, reflecting the average annual
change in weight between 1999 and 2009. The results of equation 2 reveal a remarkable and highly signif-
icant increase in obesity (table 2), while little changed regarding pre-obesity. Looking at the trends in more
detail, it appears that pre-obesity decreased among those younger than the age of 70 but increased slightly
among those older than 70 years. In contrast, the risk of obesity increased significantly for both age groups
as well as for males and females in both parts of the country, with stronger increases in the West. According
to these trends, we would have expected to project reductions in pre-obesity but increases in obesity.
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Table 2. Marginal effects (ME) and significance levels (p-values) for the time trend 1999-2009 estimated
from the multinomial regression models for males and females in East and West Germany

East males West males East females West females
ME p-value ME p-value  ME p-value ME p-value
Pre-obesity
t<69 -0.00290 0.208 0.00647 0.000 -0.00968 0.000 -0.00242 0.053
t=70 0.01970 0.000 0.01434 0.000 0.02433 0.000 0.01600 0.000
Obesity
t<69 0.01423 0.000 0.02990 0.000 0.00229 0.446 0.01820 0.000
t=70 0.03856 0.000 0.04973  0.000 0.05550 0.000 0.04744 0.000
Underweight
t<69 -0.01704 0.018 -0.01672 0.000 -0.00480 0.363 0.00367 0.165
t=70 -0.05923 0.000 -0.03038 0.000 -0.01286 0.192 -0.01246 0.015

In a next step, we derived age-specific probabilities of pre-obesity and obesity until 2030 (equation 3a
and 3b for the reference group) by combining the age polynomial from equation 1 with the period trends
from equation 2:

Zigrit
P(Y,=m)= ermie (3a) and
1+ efe’
1
P =D)=—F— (3b for the reference group).

1+ e
i=2

In the projections we developed six scenarios based upon the time trends. The basic scenario (BS)
assumes that the annual weight change which we observed between 1999 and 2009 will continue in the same
pace until 2030.

In two acceleration scenarios (AS) we assumed that the observed average annual weight change speeds
up by 10% (AS I) or doubles (AS II). Thus, we would observe 10% more or twice as much change in over-
weight within 1 year than we do in the BS. In this case, the trend variables t < 70 and t > 70 are multiplied by
1.1 or 2, respectively, and thus take the values 1.1 or 2 for the year 2010, 2.2 or 4 for the year 2011, and 23.1
or 42 for the year 2030.

In two deceleration scenarios (DS) we assumed that the annual weight change will slow down by 10%
(DS 1) and by 75% (DS 11), i.e., within 1 year we would observe only 90% or 25% of the annual change of the
BS. The status quo scenario (SQS) assumes that the share of pre-obese and obese people in the total popu-
lation will remain constant from 2010 until 2030.

Finally, to project the absolute number of pre-obese and obese people until 2030 we combined the esti-
mated age-specific probabilities from equation 3a and 3b with the 12th coordinated population projections
for Germany.

For the European comparison of our results we referred to Andreyeva et al. [16], who provide preva-
lence data for pre-obese and obese people aged 50+ for a selection of European countries based on the SHARE
(Survey of Health, Ageing and Retirement in Europe) base study from 2004. In order to account for the
heterogeneity in pre-obesity and obesity prevalences across Europe and to represent the different European
regions (Scandinavia, Central Europe, and the Mediterranean), we included Denmark, France, and Spain into
our comparison. For the UK and the USA, current data on pre-obesity and obesity were only available for the
age group 55+ in the case of the UK and for 60+ concerning the USA. Therefore, we also estimated pre-obesity
and obesity prevalences for the total German population age of 55+ and of 60+ until 2030, and compared
these estimates with figures from the UK and from the USA, respectively. Data for the UK are based on the
year 2005 and were taken from the National Health Service (NHS) information center [26]. For the USA, data
were taken from Flegal etal. [27] who published data on pre-obesity and obesity based on the National Health
and Nutrition Examination Survey (NHANES) from 2009 to 2010.
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Results

Firstly, we present our projection results for males and females in Germany. Thereafter,
we compare the forecasts for the whole of Germany with actual figures from Europe and the
USA. In the presentation of the results we combine the two categories underweight and
normal weight and do not further differentiate between the two. The detailed projection
results are provided in the supplemental material (supplemental tables 1- 7 available at
http://content.karger.com/ProdukteDB/produkte.asp?doi=358738).

Projected Number of Pre-Obese Males and Females Aged 50+ in Germany until 2030

In the year 2009, about 48.2% of the German population aged 50+ were pre-obese, corre-
sponding to an absolute number of 15.8 million. The prevalence among men (50.4%) was
slightly higher than among women (46.4%). Due to the negative time trend in the past we
expected that pre-obesity will decrease in the future. Our projections, however, showed that
the absolute number of pre-obese persons will actually increase until 2030. This is true for
all scenarios but one: Only if the negative time trend decreases twice as fast as in the past (AS
II), the absolute number of pre-obese people will decrease slightly. For all other scenarios we
project the numbers for pre-obesity to rise, ranging between 16.6 (AS I) and 18.2 million
(SQS) in 2030. Increases are projected to peak around the year 2020 but will decrease only
slightly thereafter. The reason for this lies in the changing age structure, with an increasing
number of persons in age groups with high prevalences of pre-obesity, thus outweighing
improvements in pre-obesity.

Trends are projected to affect males and females equally. Depending on the scenario, we
project the absolute number of pre-obese men to range between 6.9 (DS II) and 8.9 million
(SQS) and the number of pre-obese women between 7.3 (DS II) and 9.3 million (SQS) in 2030.
Yet, at the same time the prevalence of pre-obesity will decrease slightly, ranging between
38.8 and 49.5% among men and between 36.3 and 46.3% among women.

In 2009, pre-obesity prevalences for the age of 50+ were slightly higher in the East
(49.5%) than in the West (47.8%). This difference is projected to persist until 2030, with
prevalences ranging between 40.3 and 49.6% in the East and between 36.8 and 47.4% in the
West.

Projected Number of Obese Males and Females Aged 50+ in Germany until 2030

In the year 2009, 18.7% of the German population aged 50+ were obese, which corre-
sponds to an absolute number of 6.1 million. The past shift from pre-obesity to obesity is
clearly reflected in our projection results, with continuous increases in the number of obese
persons, ranging between 7.2 (SQS) and 15.8 million (AS II). Prevalences are estimated to
range between 18.9 and 41.7% in 2030. Assuming that the annual weight change we observed
in the past continued until 2030 (BS), the obese population in Germany would increase
remarkably, i.e. by 80%, until 2030. Even if the pace of change decreased by 75% (DS II) we
would expect that the number of obese people increases by 30%.

Increases will be similar for men and women, with absolute numbers of obese persons
ranging between 3.6 and 8 million. This equals a population share ranging between 18 and
45%.

The relative change in the number of obese people aged 50+ between 2009 and 2030 is
projected to be higher in West Germany, i.e., obesity increases are stronger in the West than
in the East. However, prevalences are estimated to be quite similar in both parts of the country
in 2030, ranging between 21.6 and 39.6% in the East and between 18.2 and 42.2% in the
West.
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International Comparison

Overweight prevalences in Germany are among the highest in Europe [16]. In 2009,
about two thirds of the total German population aged 50+ were either pre-obese (48.2%) or
obese (18.7%). Depending on the scenario, we projected the share of pre-obese people aged
50+ to decrease until 2030, ranging between 38 and 48%, whereas the share of obese people
will rise, ranging between 19% and 42% (fig. 1).

KARGER


http://dx.doi.org/10.1159%2F000358738

Facts

The European Journal of Obesity

Fig. 2. a Projected share of the
German pre-obese population
aged 55+ until 2030 and compari-
son with the UK. b Projected
share of the German obese popu-
lation 55+ until 2030 and com-
parison with the UK. DK = Den-
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United Kingdom; USA = United
States of America. BS = Basic sce-
nario; SQS = status quo scenario;
AS I = acceleration scenario I; AS
Il = acceleration scenario I[; DS =
deceleration scenario I; DSII = de-
celeration scenario II.

German pre-obesity prevalences for the age of 50+ are well above those of Spain (45.2%),
France (38.3%), or Denmark (37.7%), whereas obesity is more frequent in Spain (23.3%) but
less common in Denmark (13.6%) or France (15.1%). If Spanish prevalences of pre-obesity
and obesity remained constant at their current levels, it would take Germany longer to reach
Spain’s level of pre-obesity than that of obesity. If the negative time trend in pre-obesity
continued approximately with the speed of the last 10 years (AS I, BS, and DS 1), it would reach
the currentlevel of Spain by the year 2025. If the time trend doubled, this would happen some
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Fig. 3. a Projected share of the
German pre-obese population
aged 60+ until 2030 and compari-
son with the USA. b Projected
share of the German obese popu-
lation aged 60+ until 2030 and
comparison with the USA. DK =
Denmark; ES = Spain; F = France;
UK = United Kingdom; USA = Unit-
ed States of America. BS = Basic
scenario; SQS = status quo scenar-
io; AS I = acceleration scenario [;
AS I = acceleration scenario II; DS
I = deceleration scenario I; DSII =
deceleration scenario II.

years earlier, i.e. by 2017 (fig. 1a). Turning to obesity (fig. 1b) and extrapolating past trends
into the future (AS [, BS, and DS I), Germany would catch up with Spain by 2020, assuming a
doubling of the time trend (AS II) by 2014. According to the other scenarios, Germany would
always remain well below the Spanish obesity rates. Concerning France and Denmark (fig. 1),
it seems unlikely to reach their low levels of pre-obesity and obesity. Germany would reach
their pre-obesity levels by 2029 only if the time trend in pre-obesity decreased twice as fast
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as in the past. Given the past shift from pre-obesity to obesity in Germany, such a trend would,
however, imply severe increases in German obesity levels. All other scenarios predict future
levels of pre-obesity and obesity in Germany to remain well above the current levels of these
two countries.

In the UK, the share of the pre-obese population aged 55+ is 43.1% and therefore lower
than in Germany (49%) (fig. 2a). Continuing time trends would imply that the German popu-
lation at the age of 55+ would approach the pre-obesity level of the UK by 2030 (BS, AS I, and
DS I). With a doubling time trend (AS II), it would reach today’s level of the UK by 2022.
Otherwise, the proportion of pre-obesity would remain higher in Germany. However, the
share of obese people aged 55+ is much lower in Germany (19.2%) than in the UK (fig. 2b).
In the UK, 27.7% of the population aged 55+ were obese in 2005. If the time trend in Germany
doubled, it would reach that proportion by 2018. If the time trend continued approximately
with the speed of the last 10 years (BS, AS I, and DS I), it would reach similar levels not before
2025. According to the other scenarios, Germany’s prevalences of obesity would always
remain below the current level of the UK until 2030.

German pre-obesity prevalences at the age of 60+ (49.6%) are also higher than in the USA
(35.4%) (fig. 3a) but obesity prevalences are much lower (USA 39.5%; Germany 19%)
(fig. 3b). The share of pre-obese Germans aged 60+ would remain higher until 2030, except
ifthe time trend doubled (AS II). In that case it would approach the pre-obesity level of today’s
US population aged 60+ by 2030. However, obesity levels will remain below the US benchmark
of 39.5% until 2030 according to all scenarios but one. Only if the time trend in obesity
doubled, would Germany reach today’s level of the USA by 2022.

Discussion

To our knowledge, this is the first study for Germany providing estimates of the future
number of pre-obese and obese people aged 50+ until the year 2030. There has been a
remarkable shift from pre-obesity to obesity between 1999 and 2009 in Germany. If trends
continue unchanged, it is likely that by 2030 three quarters of the German population aged
50+ will be diagnosed with excess weight, whereby obesity is the driving force behind these
increases. Our results are in line with findings from other countries, projecting stable or
slightly decreasing pre-obesity prevalences but strong increases in obesity [5-7, 9-11].
Germany is already ahead of many European countries concerning pre-obesity and obesity
and is likely to remain there in the future. Although it is unlikely that it reaches obesity levels
of the UK or the USA soon, obesity will presumably become a more prominent health issue in
the future, which could have major repercussions for the medical and the long-term care
system. As a high BMI is an established risk factor for adverse health outcomes, more obese
people will result in an increasing number of obesity-related illnesses and comorbidities,
especially cardiovascular diseases, which may have negative effects on healthy aging and life
expectancy prospects [1, 9, 16, 28-38]. However, studies have also demonstrated an ‘obesity
paradox’, finding that obese patients with established cardiovascular conditions have better
mortality outcomes and, thus, an increased survival compared to their leaner counterparts
[39-41].

Our results suggest that differences in excess weight between East and West Germany
are not the result of long-lasting differences in eating habits between the two parts of the
country. The availability and access to dietary products have improved in the East after the
reunification and are now equal in both parts of the country. Moreover, the knowledge of
health risks and negative consequences of unhealthy eating patterns increased likewise in
both parts of Germany. We therefore propose that ‘obesogenic environments’, defined as ‘the
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sum of influences of the surroundings, opportunities, or conditions promoting obesity in indi-
viduals or populations’ [42], are the cause for increases in excess weight in both parts of the
country. As in other European countries, the availability and accessibility of high energy foods
hasincreased in Germany over the past decades. At the same time, environments have evolved
that promote sedentary lifestyles and low levels of physical activity, increasing the risk for a
permanent positive energy balance. As obesity prevalences have always been higher in East
Germany, West Germans may have been more vulnerable to these settings, explaining
stronger increases in obesity in the West.

In general, studies attribute increases in overweight to period effects and suggest that
sedentary lifestyles and unhealthy diets have contributed to a generalized increase in body
weight in the whole population, regardless of age [10, 43]. However, some studies also find
that cohort effects are responsible for increases in overweight [7, 44-46]. For that reason, we
ran a model that additionally accounts for cohort effects. However, this model did not alter
our parameter estimates significantly, producing results that were similar to those we
presented. This supports our assumption that the future numbers of pre-obese and obese
people are primarily the result of period trends. Hence, if the dietary and physical activity
patterns of the past continue, our projections are likely to provide a realistic range of scenarios
of what Germany is to expect in the future.

The strength of our study lies in the dataset we used as it provides sufficient numbers of
observations even for the highest age groups and includes the institutionalized population.

A shortcoming of this study is that we used self-reported BMI as an indicator of excess
weight, which might not be the best choice because other measures such as waist-to-hip ratio,
waist-to-height ratio, or waist circumference have proven to be more accurate for identifying
fatness [47-49]. However, alternative measuresarerarelyincluded in mostsurveys. Moreover,
subjective information on weight and height tend to underestimate BMI when compared to
objective measurements [50]. Hence, we might have underestimated the number of pre-
obese and obese people. Furthermore, we assumed that the age distribution of pre-obesity
and obesity remains constant until 2030. If, however, increases in obesity were higher among
younger ages than expected, we would underreport increases in obesity.

Germany, like most other nations, is likely to face a considerable increase in the numbers
of obese elderly in the near future. Hence, weight education measures need to be intensified
and should start at the youngest ages. Controlled weight loss should be promoted to help
those with a history of obesity to lose weight.
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