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57, D-10117 Berlin, Germany: 2Center for Human Nutrition, University of Colorado Denver, Denver, USA

Submitted 5 August 2009: Accepted 23 February 2010: First published online 21 April 2010

Abstract

Objective: The prevalence of overweight and obesity is increasing in most countries,
including Germany. The idea of estimating the population-wide energy gap that is
likely responsible for the epidemic has recently been introduced and discussed.
Design: Using published estimates of body weight from population-based data of
national health surveys (1985–2002), the energy gap was calculated by estimating
the distribution of the rate of weight gain within the German population (25–69
years of age) and the amount of excess energy storage that is responsible for this
population-wide pattern of weight gain.
Setting: Germany.
Subjects: A representative sample of 26 614 participants (12 984 men, 13 630 women).
Results: The average annual weight gain was 0?22kg for men and 0?32kg for women
over the 17-year period. An estimated 90% of the population gained , 0?54kg/year.
Assuming that each kilogram of weight gained represents 32 238kJ (7700kcal), the
estimated energy accumulation was 19kJ (4?64kcal)/d in men and 28kJ (6?75kcal)/d
in women aged 25–69 years. The distribution of estimated energy accumulation for
90% of the German population was , 50kJ (12kcal)/d.
Conclusions: With an assumed energy efficiency of 50%, the findings suggest that
weight gain could be prevented in 90% of the German population with , 100kJ
(24kcal) reduction in energy intake or increase in energy expenditure per day.
Theoretically, further weight gain might be prevented using a small-changes
approach that emphasizes the importance of making small changes in physical
activity and food intake.
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The prevalence of overweight and obesity is rising in

all countries(1–4), including Germany(5,6). The WHO has

declared overweight as one of the top ten risk conditions in

the world and one of the top five in developed countries(7).

According to data from the Telephone Health Survey 2003,

approximately 70% of adult men and 50% of women in

Germany are currently overweight or obese(6). Various stu-

dies have shown that excess weight contributes to CVD,

some cancers and type 2 diabetes(8,9). The current epidemic

reflects a long-term upward shift in the distribution of BMI

across all populations(10,11). One explanation for the

development of obesity is an energy imbalance caused by a

combination of more sedentary lifestyles and an increase in

consumption of energy (rich foods)(12–14).

National surveys conducted in Germany between 1985

and 2002 showed an increase in the prevalence of obesity

in both genders(18), and according to the German National

Health Interview and Examination Survey(15) only 13% of

the German adult population met the German guideline of

being physically active three times per week for at least

30min in 1998. A study conducted in Bavaria, Germany,

revealed that fewer than a third of the 893 participants met

the recommended physical activity levels and, in addition

to reduced sports activities, obesity was also linked to

increased television viewing and use of computers(16). Fur-

thermore, food consumption in the German population has

changed over the years. Although there has been a positive

increase in fish, poultry, vegetable and fruit consumption,

there has also been an increase in sweets and fried potato

dishes(17).

The first study to introduce the idea of a population-

wide energy gap and its estimation model was that of Hill

et al.(19). Using data from the National Health and Nutri-

tion Examination Survey and the Coronary Artery Risk

Development in Young Adults study(20), they estimated

the distribution of the rate of weight gain within the

population over a period of 8 years. With the assumption

of a gradual/linear rate of gain and that each pound of
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body weight equals 14 644kJ (3500kcal), they calculated

the annual energy accumulated. The estimated energy

accumulation for 90% of the population was approximately

209kJ (50kcal)/d. Thus, it was hypothesized that by some

combination of increasing energy expenditure and reducing

energy intake by 419kJ (100kcal)/d, most of the weight

gain in the US population could be prevented. In China,

the estimated energy gap for the population was 188kJ

(45kcal)/d(21). In Australia, using data from the Australian

Longitudinal Study on Women’s Health, an average weight

gain of approximately 0?5kg/year for women aged 45–55

years was found, which equates to an energy imbalance of

only approximately 42kJ (10kcal)/d(22). In Swedish adults,

the estimated energy gap was 34kJ (8?2kcal)/d for men and

52kJ (12?4kcal)/d for women(23).

Müller and his colleagues(24) used the same approach

to calculate the energy gap in German children using

actual measures of fat mass and fat-free mass to calculate

energy gain. They found mean daily energy increases of

89 kJ (21?2 kcal)/d in boys and 194 kJ (46?4 kcal)/d in girls

aged 10–14 years. The 90th percentile of energy gap in

these children who became overweight was 301 kJ

(72 kcal)/d for girls and 223 kJ (53?2 kcal)/d in boys. The

authors estimated that reductions in energy intakes of

419–586 kJ (100–140 kcal)/d should prevent overweight

in German children.

The objective of the present study is to estimate the

energy gap of the German adult population using results

from national health surveys conducted between 1985

and 2003 by using the average weight gain over the 17-

year period and translating the kg (fat) into kJ (kcal) in

order to calculate the estimated energy accumulation per

year (and per day).

Methods

The published results from four national health surveys

conducted between 1985 and 1998 (1984–1986, 1987–1988,

1990–1992 and 1998)(25,26) were used for the analysis. Each

cohort included between 2300 and 3700 participants,

with a total of 22 807 participants (11 248 men and 11 559

women). The German national health surveys (Bundes-

gesundheitssurvey, ‘Federal Health Survey’) were used to

determine the health status of the German adult popula-

tion. The surveys were conducted by the Robert Koch-

Institute on behalf of the German Ministry of Health. The

data from the first two health surveys only include West

Germany, and body weight and height were individually

measured in a laboratory setting.

In addition, three surveys of the ‘Bertelsmann Health

Monitor’ in 2002–2003 (Spring 2002, Fall 2002 and Spring

2003)(27) with a total of 3707 participants (1736 men

and 2071 women) were used. For data collection of

the ‘Bertelsmann Health Monitor’, at each data point,

approximately 50 000 households across Germany were

contacted and the three surveys were merged to report

mean height and weight for 2002. The survey was used to

obtain information and trends about the existing German

health-care sector. Body weight and height were assessed

using self-reported measures. Given the existing bias with

regard to self-reported height and weight, both measures

were adjusted accordingly using results from the national

health survey 1984–1986, in which both direct and self-

reported measures of height and weight were collected.

More details about the adjustments can be found in Hel-

mert and Strube(18). All included samples were repre-

sentative for the German population aged 25–69 years.

For the analysis, the published body weight data,

separated by gender, of the seven health surveys reported

in Helmert and Strube(18) were used to estimate the

energy gap in the German population.

Results

Men and women aged 25–65 years using the population-

based data from the surveys mentioned above were inclu-

ded to estimate the energy gap in the German population.

Table 1 shows the body height, weight and BMI in men and

women aged 25–69 years between 1985 and 2002.

Given these data and assuming a linear rate of gain, the

average annual weight gain among men was 0?22 kg and

0?32 kg among women over the 17-year period. Assuming

weight gain is normally distributed, 90 % of the popula-

tion gained , 0?54 kg/year (for men 5 0?49 kg/year; for

women 5 0?54 kg/year).

Assuming that each kilogram of weight gained repre-

sents 32 238 kJ (7700 kcal), the estimated average energy

accumulation is 19 kJ (4?64 kcal)/d in men and 28 kJ

(6?75 kcal)/d in women aged 25–69 years. The distribu-

tion of estimated energy accumulation for 90 % of the

German population is , 50 kJ (12 kcal)/d; men 5 43 kJ

(10?33 kcal)/d; women 5 48 kJ (11?40 kcal)/d.

Since direct measures of energy cannot be used in large

population studies, we used estimations of energy effi-

ciency by Hill et al.(19) and Brown et al.(22). The authors

assumed an energy efficiency of at least 50 %; meaning for

every excess 419 kJ (100 kcal) consumed, at least 209 kJ

(50 kcal) of energy are deposited in energy stores. With

an energy efficiency of approximately 50 %, the yearly

weight gain in the German population could be pre-

vented with , 100 kJ (24 kcal) reduction in energy intake

or increase in energy expenditure per day in 90 % of the

population. Figure 1 shows the hypothetical weight gain

projection for men and women in Germany with and

without the 100 kJ (24 kcal)/d energy gap.

Discussion

In the present analysis, we estimated the annual energy

accumulation of the German adult population using
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cross-sectional population-based data from several

representative surveys. We determined that by a combi-

nation of reducing energy intake minimally and increas-

ing energy expenditure modestly further weight gain

could be prevented in Germany.

Thus, the magnitude of this daily imbalance between

energy intake and energy expenditure is estimated to be

relatively small, with energy accumulations of approxi-

mately 63 kJ (15 kcal)/d accounting for weight gain in US

population studies(19) and even less for children(24,28).

However, this gap can lead to an annual weight gain of at

least 2 pounds per year and 20 pounds in 10 years(19).

Given the current prevalence of overweight and obe-

sity in Germany and its rather notable increase in inci-

dence per year, it is surprising that 90 % Germans appear

to gain only an estimated # 50 kJ (# 12 kcal)/d, compared

to approximately 209 kJ (50 kcal)/d in 90 % of the US

population. German children (10–14 years) appear to be

gaining more than adults(24). For the German adult

population, an approach that reduces energy intake by

100 kJ (24 kcal)/d could potentially prevent further weight

gain in approximately 90 % of the population and thus

at least stabilize obesity rates. This equals , 100 g of fat-

reduced yoghurt or approximately 5 min of fast walking.

The use of population-based data collected by others

limits the extent of the present analysis, and in general

self-reported information is inferior to actual weight

measurements. Given our lack of access to original data

sets, we could not adjust for possible confounders such as

changes in smoking status or socio-economic character-

istics. In addition, using existing aggregated data does

not allow for the adjustment of possible age or gender

Table 1 Mean body height, weight and BMI of German adults (aged 25–69 years) by gender using national health
surveys (1985–2002; n 26 614)*

Height (cm) Weight (kg) BMI (kg/m2)

n Mean SD Mean SD Mean SD

Men
1985 2398 174?9 7?8 81?4 12?5 26?58 3?55
1987 2613 175?3 7?0 81?5 11?7 26?51 3?49
1991 3604 175?3 7?1 82?7 12?6 26?91 3?81
1998 2633 176?3 7?1 85?0 13?0 27?35 3?88
2002- 1736 175?3 8?4 85?2 16?1 27?68 4?76

Difference 1985–2002 10?4 13?8 11?10
Women

1985 2341 162?6 6?8 67?7 13?0 25?64 4?69
1987 2636 162?5 6?4 68?2 13?3 25?88 5?07
1991 3794 162?6 6?6 69?6 13?8 26?35 5?27
1998 2788 163?7 6?5 70?8 13?9 26?47 5?22
2002- 2071 165?3 7?3 73?1 15?9 26?81 6?01

Difference 1985–2002 12?7 15?4 11?17

*Retrieved and modified from Helmert and Strube(18).
-Pooled means from all three ‘Bertelsmann Health Monitor’ surveys.
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Fig. 1 Hypothetical weight projection by gender with and without the 100 kJ (24 kcal)/d energy gap. The solid lines indicate the
projected weight gain in the population without any changes, whereas the dotted lines indicate weight maintenance with an energy
gap of ,100 kJ (24 kcal)/d ( , men; , women)
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differences over the years. Since original data were not

available, it was not possible to determine whether changes

in age or gender distribution might exist and whether they

might have influenced the changes in weight over the years.

However, we assume that the data used in the refer-

ence study adequately adjusted for potential confounders

and sample distribution changes. It is also not the inten-

tion of the authors to calculate the precise caloric differ-

ences and weight changes of the German population over

the years, but rather to point out that the estimated energy

imbalance of this magnitude is in all likelihood a result of

the increase in overweight and obesity in the population.

The energy gap concept of Hill et al.(19) has been cri-

ticized as not accounting for the fact that obese indivi-

duals have accumulated more stored energy than lean

individuals(29). Hill et al.(30) clarify this by distinguishing

between the energy gap for prevention of additional

weight gain (which does not depend on stored energy)

and the energy gap for maintenance of weight loss. The

energy gap for the treatment of obesity is much larger due

to the reduction in energy requirements after weight

loss(30). It is not suggested that this approach can restore

the population to normal weight, but rather that it can

stabilize obesity rates and prevent further weight gain.

It should be noted that in calculating the energy gap,

Hill et al.(19) used an energy efficiency of 50 % for storage

of excess energy in order to model the most conservative

case. In reality, excess energy may be stored with greater

efficiency under most conditions. If one assumes that

the efficiency of storage of excess energy is . 50 %, the

energy gap would be reduced.

Even though the energy gap is based on theoretical

estimations and assumptions and empirical results are

urgently necessary, we believe that the energy gap in the

German population is still small and further weight gain

could be prevented using the small-changes approach. This

method emphasizes the importance of small increases in

physical activity, as well as small decreases in food

intake(19,31). Both changes can be achieved with relatively

minimal effort, for example walking approximately 1km/d,

which equals approximately 167kJ (40kcal) of energy

expenditure or by reducing portion size modestly with each

meal every day. There is already existing evidence that the

small-changes approach can be effective. Dolan et al.(32)

and Bravata et al.(33) show the feasibility and effectiveness of

making small changes to increase physical activity. School

and family programmes using the small-changes approach

have also shown promising results(34–36). In regard to dietary

behaviour, Rolls et al.(37) have consistently shown that

decreases in energy density produce small reductions in

energy intake. With the use of the small-changes approach,

we believe that it might be possible to stabilize obesity rates

in most populations.

We believe that making small changes to everyday

living is more feasible and sustainable than big changes

such as complete diet alterations or the transformation

from a sedentary to a highly active lifestyle. In addition, our

current environment does not support an active lifestyle.

Small environmental changes could include various

improvements such as more bike paths in cities, better

public transportation systems or easier access to healthy

foods in public places such as schools and cafeterias. In the

United States, there are already initiatives by various entities

such as the American Society of Nutrition, the Institute of

Food Technology and the International Food Information

Council, which support the small-changes approach and are

ready to contribute to the goal of changing people’s lifestyle

behaviour in collaboration with the private sector and the

government(31). Given the rise in obesity rates in Germany,

creating a German initiative with similar goals supported by

various private and governmental institutions and stake-

holders of different industries such as food supply or

sporting goods is urgently needed. It is crucial that the

public and private sector work together in order to create an

environment that encourages people to make small changes

towards a healthier lifestyle.
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