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T he daily energy expenditure of hominoids has
remained fairly constant over 3.5 million years, at

some 16 000 kJ/day (1). Only in recent decades, technical
progress in work, households, and transport has resulted
in massive reductions in activity and physical labor. Fur-
ther, lifestyle habits and leisure behaviors have changed
substantially, especially in the industrialized nations,
and many people have established a lifestyle that is
lacking in activity, even in their leisure time (2, 3). 60%
of the world's population are physically active for less
than 30 minutes/day (4, 5).

Since everyday life is often shaped by unfavorable
habits—including an excessively caloric diet and excess
alcohol consumption—a strong increase in obesity
seems an inevitable consequence (6). Currently, some
two thirds of male adults in Germany and half of women
may be considered overweight (7, 8).

Lack of exercise and overweight
Economic effects
In view of how widespread they have become, the se-
quelae of overweight and lack of exercise will not simply
remain a problem for those affected. An increase in
chronic accompanying disorders—such as the metabo-
lic syndrome or damage to the locomotor apparatus—
inevitably increases the demand for medical services
and nursing care, and it incurs enormous cost rises (9, 10).

It is easy to forget in this context that considerable
financial burdens arise even before the onset of physical
disorders: owing to insufficient physical fitness,
increasing numbers of employees are having serious
problems in coping with their everyday work-related
challenges (11–13, e1). More recent studies hypothesize
that in the United States, employees' poor physical
stamina and increasing unfitness to work will result in
production losses worth billions (14, 15). The fear is that
this situation will deteriorate in the coming years because
the proportion of overweight adolescents has been rising
exponentially for years (16–18).

Changes in everyday routines and behaviors on leaving school
and entering work
In recent years, some studies have focused mainly on
children and adolescents (18, 19, e2–e4), whereas the
age group of 16- to 25-year-olds was not taken into
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SUMMARY
Background: Recent studies show that habits detrimental
to health are becoming established ever earlier in life.
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and to what extent negative behavioral modifications are
intensified in young adults. 
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quarter of all study participants display none of the
investigated cardiovascular risk factors. 

Discussion: The health-detrimental tendencies increase
considerably after the age of 20. Efficient cross-institutional
prevention campaigns are urgently necessary to promote
and continually support a health-conscious life-style.
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consideration in scientific work. The everyday lives of
people in this age group often change very considerably
within a very short time. This is especially true for the
transition between leaving school and entering working
life, and further factors may come into play, including
puberty and leaving the parental home. 

The extent to which in this phase of life, negative
behavioral modifications occur with regard to
sporting activities, dietary habits, and health behaviors
is difficult to quantify because epidemiologically rele-
vant studies with associated data are currently
lacking. This gap is surprising, especially in view of
demographic change and generally worrying health
trends, because this age group is important not only
for the economy and for society in their role as future
employees, but it is also a suitable target group for
preventive measures. 

The "Fit for Life" study
Since the end of 2004, the obvious data deficit has been
addressed by the German "Fit for Life" ("Fit-für’s-
Leben") study (17). In parallel, data are being collected
about adolescents' and young adults' habits and behav-
iors in terms of health, leisure time, working life,
other life situations, anthropometric variables, and
physical fitness. Such a study approach allows a
differentiated analysis of lifestyle factors and enables
us to look at measurable variables of fitness and
anthropometric measures (for additional information,
see our internet supplement) in an integrated manner.

Method
So far, more than 17 000 persons aged 6 to 25 years
have participated in the Fit for Life study. The study
was approved by the ethics committee of the Deutsche

FIGURE 1

TABLE 1

Absolute and relative numbers of study participants aged 16 to 25 years (men n = 10 407, women n = 2428)

Study participants
Age Men Women Total
(years) (n) % (n) % (n) %

16 335 3.2% 224 9.2% 559 4.4%

17 714 6.9% 328 13.5% 1042 8.1%

18 991 9.5% 350 14.4% 1341 10.4%

19 1595 15.3% 372 15.3% 1967 15.3%

20 1796 17.3% 300 12.4% 2096 16.3%

21 1640 15.8% 276 11.4% 1916 14.9%

22 1291 12.4% 185 7.6% 1476 11.6%

23 923 8.9% 178 7.3% 1101 8.6%

24 627 6.0% 117 4.8% 744 5.8%

25 495 4.7% 98 4.0% 593 4.6%

Total 10 407 100% 2428 100% 12 835 100%

Height (cm) and
body weight (kg) of
study participants

by age (mean ±
standard error; men
n = 10 407, women

n = 2428)
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Sporthochschule Köln (German Sport University
Cologne) and presented to the data protection officers
for Rhineland-Palatinate and North Rhine–Westphalia
and gained approval. Permission for the studies in
schools was also gained from the school authorities. 

Study participants
This study included all participants in the age group
16 to 25 years (n = 12 835). Participants were from

� national recruitment agencies (for all occupations
that require apprenticeships as well as university
starters and leavers),

� general, intermediate, and high schools, and
� vocational schools in the federal states of Rhine-

land-Palatinate and North Rhine–Westphalia.
Anyone interested in participating in the study first

had to give their written informed consent. Minors
needed written consent from parents or those in loco
parentis.

Study approach
The Fit for Life study has a combined study design
consisting of three modules: 

� Anonymized written surveys 
� Physical measurements
� Tests of physical fitness (strength, speed, stamina,

and coordination).
This article presents partial results from the surveys

and anthropometric investigations.
Anonymized surveys—A standardized question-

naire was used to elicit sociodemographic data such as
age, sex, and educational background, as well as indi-
vidual habits (e-questionnaire [original questionnaire,
hence not translated]). Data on leisure time, diet/nutri-
tion, and health were collected by using stepwise
prompted responses. In the context of the questions
about leisure time, sporting activities were included.
Subjects were asked how they rated themselves in
terms of sports (nonathlete/leisure athlete/competitive
athlete), how often per week they played sports,
whether they were an active member in a sports club,
and whether they believed that they exercised to a suf-
ficiently high degree. 

Dietary habits were analyzed by using the questions
"How often do you eat fast food, French fries, Ham-
burgers...?" "How often do you eat sweets, cakes, cris-
ps ...?" and "How often do you consume soft drinks,
caffeinated drinks, lemonade, iced tea ...?"

Health relevant aspects were captured by using the
questions "Do you smoke regularly?", "How do you
rate your body weight?", "Do you feel healthy?", and
"Do you feel stressed in your everyday life?"

Anthropometric measurements—All measuring
procedures followed the criteria on correctness, exact-
ness, and precision laid out in a standard ergonomics
handbook (e5) and German industry standard DIN EN
ISO 15535: 2003–10. Body height and weight were
measured using standardized measuring instruments
(anthropometer and calibrated scales). Waist circum-
ference (smallest horizontal circumference of the

abdomen between costal arch and iliac crest was mea-
sured with plastic tape measures in people standing in
an upright position. Further, the proportion of body fat
was measured in 4315 men and 1472 women. Data
collection was done by measuring skin fold thickness
at 4 locations (4-point method: biceps, triceps, sub-
scapular fold, suprailiac fold) (e5, e6).  

Calculating overweight thresholds—To assess body
weight in a standardized fashion and quantify prevalence
rates of overweight, the body mass index (BMI) was
calculated for study participants aged 18 years or older.
According to the WHO criteria (4), subjects with a BMI
�25 kg/m2 were classified as overweight. For younger
study participants, age and sex specific BMI classifica-
tions according to the criteria of the International Obesity
Task Force (IOTF) were set out (20).

Risk factors – The occurrence and frequency of
health risk factors for cardiovascular disorders were
calculated from the data reported on lifestyle habits
and body measurements, in accordance with the WHO

FIGURE 2

FIGURE 3

Prevalence of
overweight (%) of
study participants
by age 
(men n = 10 407,
women n = 2428)

Waist circumference
(mm) of study
participants by age
(mean ± standard
error; 
men n = 10 407,
women n = 2428)
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criteria. A risk factor exists if the following values are
exceeded for one of the variables or if one of the fol-
lowing characteristics is present:

� Overweight (BMI �25 kg/m2 or IOTF threshold
or waist circumference [> 102 cm in men, >88 cm
in women])

� Smoking
� Lack of exercise (subjective assessment of fre-

quency of exercise in the categories "never" or
"rarely").

Statistics
We used the software packages SPSS 14.0 and STA-
TISTICA 7.1 for our statistical calculations. The mean
is used as the measure of central tendency and the
standard deviation as the dispersal measure (in figures,
the standard error). Dichotomous or ordinal scale
variables were evaluated using the chi-square test
and/or binary logistic regression. To calculate binary
logistic regressions, dependent variables with more

than two categories were dichotomized. For the binary
logistic regressions, odds ratios (OR) and 95% confi-
dence intervals (CI) were reported. The goodness of
fit (stepwise regression) is described with Nagelkerke's
R2. Correlations between two characteristics measured
on interval scales were calculated by using Spearman's
correlation analyses and represented as the corresponding
coefficient (r). For all tests we accepted a probability
of error of p<0.01 as significant.

Results
Study participants
The age and sex related distribution of the 12 835 study
participants is listed in table 1. 40% of the cohort were
still in school at the time of the study, 5% were at uni-
versity, 35% were in vocational education, and 20%
were working. With regard to educational level/type
of school, 41% had a university entrance qualifica-
tion/high school certificate, 35% had a leaving certificate
from an intermediate secondary school (Realschule),
and 20% one from a secondary general school (Haupt-
schule). 4% had no certificate of educational attainment.

Body measurements and prevalence of overweight
Figure 1 shows age related fluctuations in body height
and weight. Analysis of the body height in 16- to 19-
year-old male subjects shows that the differences be-
tween the years reached significance (p<0.01). How-
ever, differences in body height in older male subjects
and all age groups of female subjects did not reach sig-
nificance.

Increases in body weight reach significance
(p<0.01) for all age groups; these are more pronounced
in men then in women (p<0.01). For male subjects, a
nearly linear increase in body weight of about 1 kg per
year was found (p<0.01).

32% of men and 24% of women were overweight
(OR 0.50; CI 0.45 to 0.55). The probability of becoming
overweight rose significantly over the age groups in
men (figure 2) (OR 1.10; CI 1.08 to 1.13). Among male
study participants, those aged 25 were more at risk of
being overweight than the 16 to 20 years age group
(OR 2.15; CI 1.61 to 2.88). For women, the prevalence
of overweight in this life period (figure 2) was not
associated with age (OR 1.01; CI 0.98 to 1.06).

Significant differences for sex and age also existed
for waist circumference (p<0.01) (figure 3); only in
men, waist circumference increased in a fairly linear
pattern by about 10 mm per year. In our sample, the
proportion of body fat measured in men was
18.8% ± 5.9% and in women, 30.4% ± 5.5%. When
waist circumference and body weight are studied
together, it becomes obvious that with increasing
waist circumference the proportion of body fat in men
and women increased in a comparable fashion (men
r = 0.78, p<0.01; women r = 0.73, p<0.01). 

Relevant health behaviors
When asked for sporting activities, one quarter of
adolescents and young adults reported that they "never"

FIGURE 4Proportion of study
participants who

"never" or "rarely"
exercise, by age

(men n = 10 407,
women n = 2428)

FIGURE 5Proportion of study
participants who

are active members
in sports clubs,

by age 
(men n = 10 407,
women n = 2428)
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or "rarely" pursued sports. Figure 4 shows that the pro-
portion of inactive people increased over the age groups.
The probability of "never" or "rarely" doing sports was
much higher in those aged 25 years than in those aged 16
years (OR 1.99; CI 1.50 to 2.62). The situation is similar
when subjects were asked about membership in sports
clubs (OR 0.40; CI 0.32 to 0.52). Figure 5 shows that
only 19% of 25-year-old women and 30% of 25-year-
old men were active in sports clubs. The answer to the
question "Do you think that you exercise enough?" was
"no" from 32% of study participants—another notable
difference between 16- and 25-year-olds (OR 0.46; CI
0.34 to 0.63).

For all aspects, the differences between the sexes
reached significance: Women reported more often that
they "never" or "only rarely" did sports (OR 1.54; CI
1.40 to 1.70), are not active members in sports clubs
(OR 0.80; CI 0.73 to 0.89), or did not exercise enough
(OR 0.65; CI 0.59 to 0.72).

Significant differences were also found in the dietary
habits of male and female study participants. A higher
proportion of women reported "fairly frequent" con-
sumption of sweets (46%) than men (35%). A higher
proportion of men consume soft drinks (response cate-
gory "fairly often" in 62% of men and 49% of women)
and fast food (response category "fairly often" in 38% of
men and 24% of women). The consumption of highly
caloric foods, however, seemed to decrease over the age
groups: A comparison between 16- and 25-year-olds
found that the food types prompted for ("sweets/crisps",
"fast food," and "soft drinks" showed significant decreases
in the category "fairly often."

By contrast, tobacco consumption (figure 6) increased
from about a third in 16-year-olds to 60% in 25-year-old
subjects (OR 3.24; CI 2.52 to 4.16). Differences be-
tween the sexes do not reach significance.

Health risk factors
According to the WHO categories of cardiovascular
risks, most study participants had at least one of the risk
factors under investigation. Only 25% of adolescents or
young adults had no risk factor (figure 7). The difference
between the sexes does not reach significance. Figure 8
shows that the group without risk factors shrank with
increasing age. Among 16-year-olds, this group com-
prised about 30% of the overall cohort, but among 25-
year-olds, this proportion had dropped to less than 20%
(OR 0.39; CI 0.28 to 0.53). 

For further clarification of the probabilities of cardio-
vascular risk factors, the variables age, sex, and level of
education, as well as the subjective assessments of exer-
cise frequency, health status, and stress, were included
in a binary logistic model (table 2). The variables were
chosen while considering health relevant objective
variables and subjective assessments, which may
among others be associated with the extent to which risk
factors are present. The highest odds ratios were found
in people with the lowest educational levels, older study
participants (�20 years of age), and people who in their
own estimation did not exercise enough.

Discussion
In recent years, increasing numbers of studies of the
exercise, dietary, and health behaviors of adolescents
have been conducted, which document worrying
trends (17, 21–23). Unfavorable lifestyle habits, such
as a lack of exercise, a nutritionally deficient diet or
overeating, and smoking are often adopted at school
age. However, their spread and development over the
ages cannot be sufficiently quantified as only few epi-
demiologically relevant studies exist in Germany that
have analyzed a larger age range (e2, e3, 18). These
studies focused on school age children and adoles-
cents up to 18 years of age. It is not known whether
and to what extent the observed unfavorable trends
continue in young adults. For most 16- to 25-year-
olds, the transition from school into working life falls
into this period. This mostly means a new life situa-
tion that is associated with substantial changes to
everyday routines.

FIGURE 6 Proportion of study
participants who
smoked, by age
(men n = 10 407,
women n = 2428)

FIGURE 7 Proportion (%) of
cardiovascular risk
factors in study
participants 
(men n = 10 407,
women n = 2428)
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The study findings are showing for the first time
that the identified unfavorable developments substan-
tially gain momentum after the 18th year of life. This
worrying statement is supported by extending the age
range under observation to include children and ado-
lescents (17, 19, 21, and further data of the "Fit for
Life" study). 

As can be seen from the prevalence rates of over-
weight, this is a particular problem in men aged 20 to
25 years, where weight increases drastically: 50% of
25-year-old male study participants were classed as
overweight. Within only 5 years, the mean body
weight increased in an almost linear fashion, from 78
kg to more than 83 kg (22). Since waist circumference
increases in tandem, this development does not indicate
primarily developmental growth but pronounced growth
in body mass. 

For other variables relevant to health (sporting activi-
ties, smoking rates), the same is true: Unfavorable life-
time habits are often set in young adulthood. Recently
published smoking rates of 11- to 17-year-olds from the
KiGGS study (e7) showed that after the 15th year,
smoking rates increased to more than 40%. As figure 6
shows, the rate increases with increasing age and reaches
about 60% in 25-year-olds. Simultaneously, the propor-
tion of inactive people rises. About a third of 25 year
olds are "exercise abstinent" and are not members of
sports clubs, and more women pursue inactive lifestyles
than men (22, 24). The multivariate analyses show that
especially overweight youths with a low educational
level and lack of exercise are at risk of acquiring cardio-
vascular risk factors in early adulthood. The real situation
may well be more problematic than the data from this
study indicate, because we examined only 3 risk factors,
in accordance with the WHO criteria.

The observed trends in young adults are relevant in
the sense of preliminary research for the benefit of the
healthcare system and the economy. The effects of a
passive lifestyle in the population will affect increas-
ingly professional categories that require a minimum

level of physical fitness and stamina: For the army,
police force, and the trades, a decrease in physical
fitness of young people is an additional problem in
succession planning, further to demographic change
(11, 25).

In assessing the results, methodological limitations
should not be disregarded. Even though a cross sec-
tion of more than12 500 people aged 16 to 25 years
was studied, the data pool is not necessarily represen-
tative for Germany in its entirety. Further, our volun-
tary study cohort included far more men than women.
In spite of this limitation, however, fundamental asso-
ciations have been discovered that are necessary for
planning and conducting targeted prevention cam-
paigns. 

The collected data support the assumption that the
preventive measures initiated so far cannot halt the
worrying health trends (e8). It may also be assumed
that the practical implementation of effective preven-
tive concepts is more difficult in those who have
already left school. Considering the substantial
increase in overweight and unfit 20- to 25-year-olds,
prevention will have to be stepped up and specific
measures implemented. Ultimately, the goal is to
motivate people to lead active lives as early on as pos-
sible. This can only be done successfully if preventive
campaigns are conducted by joint efforts of schools,
clubs, health insurers, workplaces, and politicians.
The second phase of the "Fit for Life" study aims to
conduct effective intervention measures in partners-
hip with different institutions in local, joint projects. 
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The "Fit for Life" study has been investigating adoles-
cents and young adults aged 6 to 25 years since the end
of 2004 and has collected data on the physical fitness,
anthropometric measures, and information on partici-
pants' health, leisure time, working lives, and lifestyle
habits. The ethics committee for medical research in
humans of the German Sport University Cologne (Deut-
sche Sporthochschule Köln) approved the research
project. The study was also approved by the data protec-
tion representatives for the states of Rhineland-Palatinate
and North Rhine–Westphalia. The studies in schools
were approved by the school authorities. 

Participants
The study participants (school students, apprentices,
new starters in the workplace, university students, and
university graduates) were recruited by national
employment agencies, the public school system, voca-
tional schools, and universities in Rhineland-Palatinate
and North Rhine Westphalia. The institutions were se-
lected with regard to the national distribution of educa-
tion and also with regard to rural and urban conurbations.

At the start of recruitment, the heads of the institutions
were informed about the basis, content, aims, and detailed
schedule of the study. In a second step, the teachers or
selected teachers in certain subjects were informed. To
participate in the study, all interested parties had to pro-
vide written informed consent at the start. Since minors
were able to participate only with permission from
parents or those in loco parentis, the schools' heads and
teachers sent out information letters and consent forms,
which had to be returned. Those aged 18 or older were
able to provide written consent in the context of the test
presentation and information for participants, which
were conducted immediately before data collection by
the study coordinators. The participation rate for the Fit
for Life study was usually in excess of 90%. 

Trends with a negative impact on health and
their momentum
The results of the Fit for Life study have shown that
negative health trends gain momentum in young adults:
a lack of exercise, overweight, and smoking rates rose
particularly in 21- to 25-year-old study participants.
Unfavorable health behaviors are known to be far more
common in low socioeconomic strata of the population.
Potential changes in the socioeconomic composition of
the study population might therefore explain the observed
trends. The e-table, however, shows that only slight
educational differences exist in the younger (16- to 20-
year-old) and older (21- to 25-year-old) study partici-
pants. In the 21- to 25-year-olds, educational levels were
actually more favorable. 

Anthropometric investigations
All measuring procedures in the anthropometric area
followed the criteria for correctness, exactness, and pre-
cision set out in a standard ergonomics handbook (e5)
and the German industry standard DIN EN ISO 15535:
2003–10. Height and weight (in underwear or light
sports clothes) were measured using standardized mea-
suring instruments (anthropometers and calibrated scales)
with pecision within 2 mm or 100 g.

Waist and hip circumferences were measured accord-
ing to the ergonomics handbook's instruction (e5) to
5 mm. The person under investigation stands as straight
as possible, with the feet together. The waist circum-
ference is the smallest horizontal circumference at the
level of the narrowest points in the lateral contour of the
body, between costal arch and iliac crest. The hip
circumference is the largest horizontal measurement
around hips and buttocks in a standing subject. These
measurements were done using plastic tape measures.

Body fat rates were determined by measuring skin
fold thickness on 4 parts of the body (4 point method:
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biceps, triceps, subscapular fold, and suprailiac fold)
using calipers (Harpenden Skinfold Caliper HSK-BI,
British Indicators, West Sussex, England). Skin fold
thickness was measured to within 0.2 mm exactness.
The sum of the 4 measurements was evaluated accord-
ing to the formula of Durnin and Womersley (1974) (e6)
and stored as the relative body fat value.

Statistics
To identify differences between groups and associations
between variables, we used different methods. For all
investigations, the criterion to disprove the null hypothesis
or assumption of the alternative hypothesis, we used a sig-
nificance level of 1%. The study results were not corrected
for multiple individual comparisons (post hoc tests).

E-TABLE

Educational background of the younger (16- to 20-year-old) and older (21- to 25-year-old) study participants 
(men n = 10 407; women n = 2428)

Age group High school Intermediate Secondary Total
certificate school certificate general school 

to enable the student certificate
to go to university

16- to 20-year-olds 
(47.9% of study participants) 35.5% 46.4% 29.8% 100%

21- to 25-year-olds 
(52.1% of study participants) 47.5% 53.6% 15.7% 100%

Total cohort 41.8% 35.8% 22.5% 100%
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