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What is already known about this subject
• Lifestyle intervention is regarded as therapy of choice in

obese children and adolescents.
• It is unclear whether extremely obese children and

adolescents respond to lifestyle intervention.

What this study adds
• Extremely obese children respond better than obese

children to a lifestyle intervention.
• In contrast, most extremely obese adolescents achieved

no weight loss in lifestyle intervention suggesting that
other treatment approaches are needed for them.

Summary
Background: There are conflicting results of treating extreme obesity in childhood by lifestyle interven-
tions in the literature.

Methods: We analysed the outcome of a 1-year lifestyle intervention in an intention-to-treat approach in
1291 children (mean age 11.0 ± 2.5 years, mean body mass index [BMI] 27.5 ± 4.7 kg m−2, 55.8% female,
62.4% obese, 37.6% extremely obese (defined by BMI-SDS >2.3) at end of intervention and 1 year later.

Results: The mean BMI-SDS reduction was −0.20 ± 0.32 at end of intervention and −0.14 ± 0.37 1 year
after end of intervention compared to baseline (comparing intervention vs. 1 year later P = 0.010). Extremely
obese children ≤10 years demonstrated a significantly greater BMI-SDS reduction than obese children ≤10
years (−0.24 ± 0.38 vs. −0.16 ± 0.38, P = 0.021). Extremely obese adolescents >10 years demonstrated a
significantly lower BMI-SDS reduction compared to obese adolescents >10 years (−0.05 ± 0.30 vs.
−0.15 ± 0.39, P < 0.001). Comparing the BMI-SDS reduction between obese children <10 years and >10
years revealed no significant difference (P = 0.195) in contrast to the comparison between extremely obese
children <10 years and >10 years (P < 0.001). The same findings were observed in the follow-up period after
the end of intervention.

Conclusions: Our study demonstrated an encouraging effect of lifestyle intervention in extremely obese
children ≤10 years at the end of intervention and 1 year later, but only a limited effect in extremely obese
adolescents >10 years.
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Introduction

Obesity in childhood and adolescence is an over-
whelming health problem worldwide (1,2). Obese
children and adolescents are at risk for comorbidities
of obesity such as hypertension, dyslipidaemia and
type 2 diabetes (3,4).

Lifestyle intervention is regarded as therapy of
choice in obese children (5–7) even if the outcome of
lifestyle intervention is very heterogeneous in clinical
practice (8,9). Frequently obese and extremely obese
children are summarized in clinical trials not allowing
to assess whether extremely obese children respond
to lifestyle intervention comparable to obese children
(5,6). However, the effectiveness in extremely obese
adolescents is discussed critically (8). The dropout
rate has been reported to increase in extremely
obese adolescents participating in a lifestyle inter-
vention (10). Furthermore, Danielsson et al. demon-
strated no clinically relevant weight loss in extremely
obese adolescents (11). In the same study cohort,
younger age was associated with better outcome in
the lifestyle intervention (12). Therefore, the question
arises whether age or degree of overweight is a more
relevant predictor of weight loss. Conversely, Nemet
et al. demonstrated encouraging results of a com-
bined lifestyle intervention in severely obese pre-
pubertal children (13). These controversial findings
may point towards an impact of age on the outcome
of lifestyle interventions in extremely obese children
and adolescents.

Because of the very limited available studies of
extremely obese children and adolescents participat-
ing in lifestyle interventions and the lack of studies
with follow-up, we analysed the effect of extreme
obesity and age on the outcome of a lifestyle inter-
vention both at end of intervention and 1 year later.
We hypothesize that extremely obese children
respond better to lifestyle interventions compared to
extremely obese adolescents.

Materials and methods
The local ethics committee of the University of
Witten/Herdecke approved this study. Written
informed consent was obtained from all subjects and
their parents according to the declaration of Helsinki.

We studied prospectively all children and adoles-
cents who were presented to treat their obesity in the
years 2001 to 2011 at the five treatment centres in
West Germany offering the 1-year lifestyle interven-
tion ‘Obeldicks’. We examined the children both at
end of 1-year intervention and 1 year later (= 2 years
after baseline).

Recruitment

Families with obese children were informed by their
house doctors concerning the lifestyle intervention
‘Obeldicks’. The families presented than at the five
outpatient obesity clinics in West Germany offering
this lifestyle intervention. The treatment centres fol-
lowed a standardized recruitment and treatment
protocol (for details see (14)). All therapists have
been educated by a structured training programme
(15).

Inclusion and exclusion criteria

Children on medical therapy or with endocrine,
genetic or metabolic disorders were excluded from
the study. Inclusion criteria were age 6 to 15 years,
body mass index (BMI) > 97th percentile, visit of
school and prove of motivation to change lifestyle
behaviour. Motivation was proven by the following
criteria: (i) the children > 8 years had to fill out a
questionnaire on their eating and exercise habits, (ii)
their parents had to fill out a corresponding question-
naire on the eating and exercise habits of their child,
(iii) the families had to perform a 3-day dietary record,
and (iv) participation in local exercise groups for
obese children for at least 8 weeks before start of
intervention was required. Motivation was assumed
when all of these criteria were fulfilled independently
of the given answers in the questionnaires or the
results of the dietary records (16).

Intervention

The 1-year lifestyle intervention ‘Obeldicks’ has been
described in detail elsewhere (14,17). The aim of the
intervention was to reduce overweight. Briefly, this
outpatient intervention programme was based on
physical activity, nutrition education and behaviour
therapy including the individual psychological care of
the child and his/her family. An interdisciplinary team
of paediatricians, diet-assistants, psychologists and
exercise physiologists was responsible for the train-
ing. In children ≤ 10 years, girls and boys were
treated together, in older children girls and boys were
treated separated to gender. The 1-year training pro-
gramme was divided into three phases: In the inten-
sive phase (3 months), the children took part in the
nutritional course and in the eating-behaviour course
in six group sessions each lasting for 1.5 hours. At
the same time, the parents were invited to attend six
parents’ evenings. In the establishing phase (6
months), individual psychological family therapy was
provided (30 min month−1). In the last phase of the
programme (accompanying the families back to their
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everyday lives) (3 months), further individual care was
possible, if and when necessary. The exercise
therapy took place once a week during the whole
year. The nutritional course was based on the pre-
vention concept of the ‘Optimized mixed diet’. In
contrast to the present-day diet of children in
Germany with a fat-content of 38% of energy intake,
13% proteins and 49% carbohydrates including 14%
sugar, the ‘Optimized mixed diet’ was both fat and
sugar reduced and contained 30% fat, 15% proteins
and 55% carbohydrates including 5% sugar (14).
Instead of counting calories, the children followed a
‘traffic-light system’ when selecting their food.

Measurements

Height was measured to the nearest millimetre using
a rigid stadiometer. Weight was measured unclothed
to the nearest 0.1 kg using a calibrated balance
scale. BMI was calculated as weight in kilograms (kg)
divided by the square of height in meters (m2). The
degree of overweight was quantified using Cole’s
least mean square method, which normalized the
BMI skewed distribution and expressed BMI as a
standard deviation score (BMI-SDS) (18). Reference
data for German children were used (19). All children
in the study were obese or extremely obese accord-
ing to the definition of the International Obesity Task
Force (20). Extreme obesity was defined by BMI-
SDS >2.3 in concordance with the German guide-
lines (21).

Success in lifestyle intervention was defined as
reduction of >0.25 BMI-SDS according to guidelines
and references (6,22,23).

Statistical methods

Statistical analyses were carried out with Winstat for
ExelTM (R. Fitch Software, Krozingen, Germany). All
analyses were performed with the intention-to-treat
approach. The BMI-SDS of children without follow-up
was set back to baseline. Children with complete
follow-up and an increase of their BMI-SDS were not
set to baseline. All variables were normally distributed
as tested by the Kolmogorov–Smirnov test.

Comparisons were performed by chi-square test,
ANOVA with Bonferroni adjustment, as well as
Student’s t-test for unpaired and paired observations
as appropriate. Changes of BMI-SDS at end of inter-
vention and 1 year later were included as dependent
variables in multiple regression analyses with the
independent variables baseline age, baseline BMI-
SDS and gender. Gender was integrated as categori-
cal variables in these models. All analyses were also
performed separated to children <10 years and >10

years. This cut-off point was used since chil-
dren ≤ 10 years are usually pre-pubertal in contrast
to older children. Furthermore, the intervention dif-
fered between children younger and older 10 years.
In children ≤ 10 year girls and boys were treated
together, in older children girls and boys were treated
in separate groups.

Furthermore, we performed a separate analysis in
the children with complete follow-up (per-protocol
analysis).

A P-value <0.05 was considered as significant.
Data are presented as mean ± standard deviation.

Results
A total of 1291 children (mean age 11.0 ± 2.5 years,
mean BMI 27.5 ± 4.7 kg m−2, 55.8% female, 62.4%
obese, 37.6% extremely obese) were included
(Fig. 1). The number of dropouts did not differ signifi-
cantly between the children separated to age < 10/
> 10 years and obese/extremely obese children
(P = 0.601). None of the children who had dropped
out prior to the end of intervention was remeasured
at 2-year follow-up. The children did not differ
according to age, degree of overweight (BMI-SDS) or
gender at baseline between the different treatment
centres.

The baseline data and changes in the 2-year
period concerning weight status are demonstrated in
Table 1. The lost follow-up rate was 21% at end of
intervention, while 34% reduced their BMI-SDS
>0.25. Two years after baseline, the lost follow-up
rate was 39% and the success rate defined by BMI-
SDS reduction >0.25 was 27%.

Intention-to-treat analyses

Children ≤10 years demonstrated a significant
greater BMI-SDS reduction (P < 0.001) as compared
with adolescents >10 years both at end of interven-
tion and 1 year after end of intervention (see Table 1).
Extremely obese participants did not differ signifi-
cantly from obese participants in respect to changes
of BMI-SDS at end of intervention and 1 year later
(Table 1).

In multiple linear regression analyses, age at base-
line was negatively related to BMI-SDS reduction at
end of intervention and BMI-SDS reduction 2 years
after baseline (Table 2).

The changes of BMI-SDS during the intervention
period separated to age of children and degree of
overweight are presented in Fig. 2. Extremely obese
children ≤10 years demonstrated a significant
greater BMI-SDS reduction than obese children ≤10
years, while extremely obese adolescents >10 years
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demonstrated a significant lower BMI-SDS reduc-
tion compared to obese adolescents >10 years. The
success rate (defined as BMI-SDS reduction >0.25)
was 48.5% in extremely obese children and 38.3%
in obese children ≤10 years. Only 20% of the
extremely obese adolescents (age >10 years)
reduced their BMI-SDS >0.25, while 32.2% of the
obese adolescents (age >10 years) demonstrated a

reduction of BMI-SDS >0.25. Twenty-five percent of
the extremely obese adolescents got lost to
follow-up and 19% of the extremely obese children.
Comparing the BMI-SDS reduction during the inter-
vention period between obese children <10 years
and obese adolescents >10 years revealed no sig-
nificant difference (P = 0.195) in contrast to the
comparison between extremely obese children <10

Figure 1 Flow chart of the study.

Table 1 BMI-SDS and its changes in the 2-year period separated to age and degree of overweight (intention-to-treat
approach)

Baseline
BMI-SDS

Change of
BMI-SDS
during 1-year
intervention

Change of BMI-SDS
between baseline
and 1 year after end
of intervention (= 2
years after baseline)

P-value base-
line compared
to 1 year

P-value base-
line compared
to 2 years

P-value 1 year
compared to
2 years

All children (n = 1291) 2.38 ± 0.47 −0.20 ± 0.32 −0.14 ± 0.37 <0.001 <0.001 0.003
≤10 years (n = 496) 2.46 ± 0.50 −0.26 ± 0.35 −0.20 ± 0.38 <0.001 0.024 0.076
>10 years (n = 795) 2.32 ± 0.45 −0.16 ± 0.31 −0.12 ± 0.37 <0.001 <0.001 0.019
Obese (n = 805) 2.05 ± 0.28 −0.20 ± 0.33 −0.15 ± 0.39 <0.001 0.003 0.026
Extremely obese

(n = 486)
2.86 ± 0.30 −0.19 ± 0.33 −0.14 ± 0.35 <0.001 <0.001 0.051

Data as mean ± standard deviation.

Table 2 Multiple
linear regression
analyses with
changes of BMI-
SDS as dependent
variable (A: at end of
intervention, B: 1
year after end of
intervention)

β-coefficient 95% confidence interval P-value

A: r2 = 0.04
Age −0.024 −0.031 up to −0.017 <0.001
Gender −0.007 −0.042 up to 0.28 0.783
Baseline BMI-SDS −0.008 −0.032 up to 0.0120 0.272

B: r2 = 0.03
Age −0.023 −0.031 up to −0.015 0.001
Gender −0.03 −0.07 up to 0.01 0.259
Baseline BMI-SDS 0.001 −0.029 up to 0.027 0.932
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years and extremely obese adolescents >10 years
(P < 0.001).

The changes of BMI-SDS between baseline and
2 years later (= 1 year after end of intervention)
separated to age of children and degree of over-
weight are presented in Fig. 3. Extremely obese
children ≤10 years demonstrated a significant
greater BMI-SDS reduction than obese children
≤10 years, while extremely obese adolescents >10
years showed a significant lower BMI-SDS reduc-
tion compared to obese adolescents >10 years.
Comparing the BMI-SDS reduction in the 2-year
follow-up between obese children <10 years and
obese adolescents >10 years revealed no signifi-
cant difference (P = 0.199) in contrast to the com-
parison between extremely obese children <10
years and extremely obese adolescents >10 years
(P < 0.001).

Per-protocol analyses

Extremely obese children ≤10 years reduced their
BMI-SDS significantly better compared to obese
children ≤10 years both at end of intervention
(P = 0.016) and 2 years after baseline (P = 0.007)
(Table 3). Obese children >10 years demonstrated a
significant greater BMI-SDS reduction compared to
extremely obese children >10 years both at end of
intervention (P < 0.001) and 2 years after baseline
(P < 0.001) (Table 3).

Comparing the BMI-SDS reduction during the
intervention period between obese children <10
years and obese adolescents >10 years revealed no
significant difference (P = 0.262) in contrast to the
comparison between extremely obese children <10
years and extremely obese adolescents >10 years
(P < 0.001). Comparing the BMI-SDS reduction in
the 2-year follow-up between obese children <10
years and obese adolescents >10 years revealed no
significant difference (P = 0.912) in contrast to the
comparison between extremely obese children <10
years and extremely obese adolescents >10 years
(P < 0.001).

The success rate (defined as BMI-SDS reduction
>0.25) in the intervention period was 59.8% in
extremely obese children and 47.7% in obese chil-
dren ≤10 years. Only 27.1% of the extremely obese
adolescents (age >10 years) reduced their BMI-SDS
>0.25, while 41.5% of the obese adolescents (age
>10 years) demonstrated a reduction of BMI-SDS
>0.25 during the intervention period.

In multiple linear regression analyses, age was sig-
nificantly (P < 0.001) related to changes of BMI-SDS
at end of intervention (β-coefficient = −0.03 ± 0.01,
r2 = 0.05) and to changes of BMI-SDS 2 years after
baseline (β-coefficient = −0.04 ± 0.01, r2 = 0.05), but
not to gender or baseline BMI-SDS.

Discussion
To the best of our knowledge, this is the first study
assessing the impact of age on the outcome of a
1-year multidisciplinary outpatient lifestyle interven-
tion in extremely obese children and adolescents.

The mean reduction of BMI-SDS during lifestyle
intervention and the success rate defined by BMI-
SDS reduction >0.25 in the entire cohort was similar
to previous studies (6–9,24–26). According to the
literature, younger age was associated with greater
reduction of BMI-SDS (6,7,24,26,27). Interestingly,
extremely obese children ≤10 years demonstrated a
significantly greater BMI-SDS reduction in our study
compared with obese children ≤10 years both at end
of 1-year intervention and 1 year after end of inter-

Figure 2 Changes of BMI-SDS during the 1-year lifestyle
intervention separated to age and degree of overweight
(data as mean and standard error).

Figure 3 Changes of BMI-SDS between baseline and 2
years later (= 1 year after end of intervention) separated to
age and degree of overweight (data as mean and standard
error).
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vention. Furthermore, the highest success rate was
seen in extremely obese children ≤10 years. These
findings fit well to the study of Nemet et al. reporting
encouraging results of a combined lifestyle interven-
tion in severely obese pre-pubertal children (13).

On the other side, extremely obese adolescents
>10 years showed the lowest success rate and a
significantly lower BMI-SDS reduction both at end of
intervention and 1 year later compared to obese
adolescents. These observations are in concordance
with the study of Danielsson et al. showing no clinical
relevant weight loss in extremely obese adolescents
(11). In conclusion, lifestyle intervention is much more
effective in extremely obese children than in
extremely obese adolescents, while the success rate
and BMI-SDS reduction were similar in obese chil-
dren and obese adolescents. As in our study, the
success rate was only 20% in extremely obese ado-
lescents; this suggests that other interventions (for
example drugs or bariatric surgery) beside lifestyle
interventions are necessary in the majority of adoles-
cents with severe obesity if we cannot improve the
lifestyle intervention for this target group.

The reasons for this difference concerning effec-
tiveness of lifestyle intervention between extremely
obese children and adolescents remain unclear.
While in the last decade lifestyle interventions
focused on children, it becomes quite clear in recent
years that interventions involving parents are more
effective than interventions solely for obese children
(6,7,26,28–31). Maybe, the limited effect of parents
on health behaviour habits of adolescents explains at
least the disappointing findings in lifestyle interven-
tion of extremely obese adolescents (32). In contrast,
other studies report that even adolescents mimic the
health behaviour of their parents (33).

However, obese children did not differ significantly
in respect to BMI-SDS reduction during lifestyle inter-
vention from obese adolescents. This finding points
against a simple age effect in lifestyle interventions. It
can be speculated that the worse outcome in
extremely obese adolescents is also caused by
certain characteristics of these patients and their

families (e.g. lack of psychosocial support and par-
enting skills), by a decline in the motivation for life-
style changes, or by inadvertent constraints to
therapy adherence (34). Indeed, we found the
highest dropout rate in extremely obese adolescents
according to the literature reporting an increased
dropout rate in extremely obese adolescents partici-
pating in a lifestyle intervention (10).

In multiple linear regression analyses, baseline
BMI-SDS was not significantly related to changes of
BMI-SDS at end of intervention or at follow-up. This
finding can be explained by summing children < 10
years and > 10 years in these analyses. Extremely
obese children (≤10 years) responded better than
obese children (≤10 years), while extremely obese
adolescents (>10 years) responded poorer than
obese adolescents (>10 years).

Strengths and limitations of the study

The strengths of this study are the large study
sample, the intention-to-treat approach, the
multicentre design, the analysis of obese children
naive to drugs and the follow-up period after end of
treatment. However, some potential limitations of our
study have to be considered. First, BMI percentiles
were used to classify overweight. Although BMI is a
good measure for overweight, one needs to be
aware of its limitation as an indirect measure of fat
mass. Furthermore, success was defined by change
of BMI-SDS and not of change of fat mass. Using the
BMI-SDS to describe weight changes has some limi-
tations (35) probably also explaining in part why the
extremely obese ≤10 years might reduce their
degree of overweight greater than the obese chil-
dren. Second, we are not able to differentiate the
effect of diet and increased physical exercise on
weight loss because of our study protocol. Further-
more, the effects of dieting and increased physical
activity probably strengthened each other. Third, we
cannot exclude different socio-economic back-
grounds or lifestyle habits in the participants of the
intervention programme. Fourth, the children were

Table 3 Changes of
BMI-SDS in the
2-year period sepa-
rated to age and
degree of overweight
(per-protocol
approach analysing
only children with
complete follow-up)

Change of BMI-SDS
during 1-year
intervention

Change of BMI-SDS between
baseline and 1 year after end of
intervention (= 2 years after
baseline)

Obese children ≤10 years −0.28 ± 0.35 −0.25 ± 0.46
Extremely obese children ≤10 years −0.36 ± 0.36 −0.38 ± 0.41
Obese children >10 years −0.26 ± 0.35 −0.26 ± 0.23
Extremely obese children >10 years −0.12 ± 0.30 −0.10 ± 0.48
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not randomized to different treatment centres and
we have no untreated control group. However, for
ethical reasons, it seems difficult to prevent obese
children from a potential effective intervention. One
might argue that the changes of BMI-SDS in our
study might occur even without intervention. Indeed,
population-based studies have reported a slight
decrease in BMI-SDS in overweight not treatment-
seeking children (36). In contrast, our participants
were obese and extremely obese as well as treat-
ment seeking. Without intervention, obese and
extremely obese children and adolescents tend to
increase their weight (37,38). Moreover, the preva-
lence of extremely obese children and adolescents is
increasing in the United States pointing against
spontaneous normalization of weight (4,39). Further-
more, we have previously reported the changes of
BMI-SDS in treatment-seeking obese children and
adolescents without the lifestyle intervention
‘Obeldicks’ (22,40): The control group of obese chil-
dren in these studies demonstrated a slight increase
of BMI-SDS. Fifth, we have to keep in mind that the
changes of BMI-SDS represent in part the statistic
phenomenon regression to the mean. As this effect is
likely larger in the extremely obese compared with
obese children and adolescents, this phenomenon
seem not to explain the disappointing results in
extremely obese adolescents. Finally, the high loss to
follow-up rate which is typical for lifestyle interven-
tions in obese children and adolescents is an impor-
tant limitation. If the participants with lost to follow-up
increased their BMI-SDS over the 2 years, the effect
of our lifestyle intervention would be overestimated
because of our statistical approach setting BMI-SDS
back to baseline in participants with lost to follow-up.
However, all of participants with loss to follow-up
were categorized as treatment failures in the
intention-to-treat approach.

In summary, our study demonstrated an encourag-
ing effect of lifestyle intervention in extremely obese
children ≤10 years both at end of intervention and 1
year later, but only a limited effect in extremely obese
adolescents >10 years. Therefore, other therapeutic
approaches seem to be needed in severe obese
adolescents if we are not able to improve lifestyle
programmes for extremely obese adolescents.
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