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Abstract
Objective: To describe the effects of URMEL-ICE, a German school-based intervention for
overweight prevention, on children’s BMI and other measures of fat mass. Methods: A clusterrandomised controlled design was used. The intervention which focused on physical activity,
TV time and soft drink consumption was integrated into a second-grade curriculum and was
implemented by classroom teachers themselves. It comprised 29 teaching lessons, 2 short
exercise blocks per day and 6 family homework lessons. BMI was assessed as primary outcome
measure, waist circumference and skinfold thickness as secondary outcomes. Data of 945 children were analysed. Results: Multivariate analyses adjusted for baseline values showed no
statistically significant effect of the intervention on BMI, but on waist circumference (–0.85;
95% confidence interval (95% CI) –1.59 to –0.12) and subscapular skinfold thickness (–0.64;
95% CI –1.25 to –0.02). After additional adjustment for individual time lag between baseline
and follow-up, these effects were reduced to –0.60 (95% CI –1.25 to 0.05) and –0.61 (95% CI
–1.26 to 0.04) and lost their statistical significance. Conclusion: This study contributes to the
field of randomised school-based studies on overweight prevention and shows that within a
1-year, integrated intervention no effect on BMI, but a tendency towards effects on fat mass
can be achieved.
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Introduction

High prevalences of overweight and obesity in childhood are still a major problem in
most industrialised countries [1, 2]. It has been reported that there are strong secular
increases within 30 years in body fat, in normal-weight as well as in overweight children [3].
In Germany, the percentage of 7- to 10-year-old children who are classified as overweight
has increased by 50% within the past 15 years [4, 5].
Even if initial studies report stagnation of prevalence and levelling-off of incidences [6],
the necessity for successful primary prevention is commonly accepted. Overweight and
obesity persist over time within childhood [7, 8] and into adulthood [9]. Efforts to treat them
are troublesome and in the long run often ineffective [10].
Reviews agree that until now the evidence concerning the effectiveness of prevention
programmes is insufficient [11–13], in part due to the limited number of methodologically
well-designed studies [14]. Thus, there is a need for randomised-controlled trials of overweight prevention programmes with sufficient statistical power and suitable outcome
measures.
Current literature provides several suggestions for successful overweight prevention:
enhancement of physical activity [15], reduction of television time [16] and reduction of the
consumption of sugar-sweetened beverages [17].
Schools in particular seem to be a powerful setting [18]. Possible barriers are low, so
that all children can be reached easily. Children spend the main part of their day in schools,
and teachers are the personnel qualified in dealing with children as well in considering their
age-appropriate needs and competencies. From a public health perspective the role of
schools for health promotion is very important. However, the high investment of time and
resources may impede long-term implementation of intervention programmes [19–21].
Thus, the input from teachers is essential in developing health promotion measures that
take into account their concerns as well those of the school into account.
URMEL-ICE (Ulm Research on Metabolism, Exercise, and Lifestyle Intervention in
Children) [22, 23], a randomised-controlled trial on school-based overweight prevention,
was designed with these methodological and practical considerations in mind. The intervention programme was developed together with experienced teachers to ensure anchoring
within the existing curricular framework of elementary schools. It was implemented during
regular classtime by the classroom teacher.
The objective of this paper is to report the effects of URMEL-ICE on BMI (primary
outcome) and further measures of fat mass, since an effective intervention should slow
down increases in all anthropometric parameters in the intervention group.
Material and Methods
Study Design
The URMEL-ICE study is a school-based, cluster-randomised intervention trial located in Ulm and
adjacent regions in Southern Germany.
Sample size estimation was performed based on the primary outcome BMI. The assumed effect for
the difference between intervention and control group after the intervention year was 0.1 kg/m² (SD 0.4
kg/m²). After considering non-compliance and cluster randomisation, a total of 616 participants was
calculated (␣ = 0.05, power = 0.8).
All principals of elementary schools within the Ulm region were informed in writing about the study
(with support by the local Department of Education). They were asked to invite first-grade teachers to
participate in the study. Teachers often consulted the pupils’ parents before agreeing to participate.
Teachers who had already implemented another intervention programme focusing on health behaviour
were not included due to potential bias.
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Fig. 1. Flow chart for enrollment and follow-up in URMEL-ICE.

In summary, 64 classes of 32 schools were assessed to be eligible and agreed to participate (fig. 1).
The randomisation aimed at creating two groups (intervention and control) with an equal number of
schools. The procedure was performed in a blind manner.
Due to considerable differences between schools, especially in the number of participating pupils and
in the proportion of pupils with migration background (5–94%), a stratified randomisation procedure
was chosen. This resulted in two groups of the same size, but could not prevent unequal proportions of
pupils with migration background (table 1).
From the eligible 1,427 children 308 refused to participate. This resulted in 540 pupils in 16 intervention schools and 579 pupils in 16 control schools, from whom 51 and 42 children respectively were lost
to follow-up. The final dataset included 450 children in the intervention group and 495 children in the
control group after excluding 39 and 42 children respectively due to missing values.
Parents were informed at parent-teacher conferences and provided signed written informed consent
for their children to participate in assessments and clinical investigations. The study was approved by the
ethics committee of Ulm University.
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Table 1. Baseline characteristics of participants

Control
(n = 495)

Intervention
(n = 450)

p value

Children’s characteristics
Male, n (%)
Age, mean (SD), years
Migration background, n (%)
Time lag between t0 and t1, mean (SD), days
BMI, mean (SD), kg/m²
BMI z score, mean (SD) a
Skinfold thickness triceps, mean (SD), mm
Skinfold thickness subscapular, mean (SD), mm
Waist circumference, mean (SD), cm

258 (52.1)
7.53 (0.42)
182 (36.8)
463 (67.3)
16.24 (2.10)
0.05 (0.97)
14.27 (5.86)
7.98 (4.03)
59.20 (6.38)

248 (55.1)
7.61 (0.42)
130 (28.9)
427(60.7)
16.23 (2.25)
0.00 (1.04)
14.49 (6.37)
8.22 (4.64)
59.66 (6.65)

0.357
0.002
0.010
<0.001
0.944
0.457
0.568
0.390
0.271

Parents’ characteristics
Mothers’ BMI, mean (SD), kg/m²
Fathers’ BMI, mean (SD), kg/m²
Mothers with schooling > 10 years, n (%)
Fathers with schooling > 10 years, n (%)

23.07 (4.25)
26.08 (3.41)
162 (33.5)
200 (42.6)

24.90 (4.50)
25.96 (3.01)
85 (19.3)
114 (26.8)

0.028
0.587
<0.001
<0.001

aAccording

to German reference values [5].

Intervention
Researchers and experienced teachers worked together in the development of the URMEL-ICE intervention. The researchers determined the study design and the behavioural goals by referring to the
recommendations found in scientific literature. Experienced teachers who were interested in working
with the researchers on the subject of school-based overweight prevention contributed to the study by
offering ideas for implementation in the everyday classroom setting.
The intervention was carried out by the classroom teachers themselves during the second-grade
school year. It was important to anchor the contents within the existing curriculum (mainly social studies)
in order to ensure programme implementation without additional personnel or materials in everyday
teaching.
URMEL-ICE focused on health-promoting behaviour change in three areas: drinking sugar-sweetened
beverages, spending time with screen media and being physically active. Main issues were the following:
drinking water instead of soft drinks, discovering ‘hidden’ sugar in drinks, encouraging everyday physical
activities, engaging in leisure activities without TV, learning about local sport and leisure facilities.
Social cognitive theory provided the framework for the methodical approach: As self-efficacy is
assumed to be crucial for behaviour change, we emphasized action alternatives (how to substitute a
healthier behaviour for a less healthy one) as well as goals which could be easily accomplished [24].
Furthermore, modified teaching should facilitate more physical activity in the classroom; suggestions for
involving parents were also provided.
The URMEL-ICE-intervention consists of material for 1 school year including 29 teaching units (each
30–60 min), 2 short blocks of physical activity exercises a day (each 5–7 min), 6 family homework lessons
(tasks that cannot be accomplished by the child himself without the help of a parent) and materials for the
training and information of the parents.
Teachers took part in four training sessions (2.5 h each) to familiarise themselves with the basic
concept of the intervention and the relevant materials. Teachers and schools had no direct costs to cover
(for materials or for additional teaching time). However, in terms of indirect costs for the schools, the intervention required 29 regular teaching units mainly in social sciences during 1 school year (that corresponds to the weekly working time of teachers) and additionally 10 h of training sessions. From the
perspective of the intervention provider costs were limited to personnel costs of the teacher trainings
sessions and material costs of the intervention materials (one folder per teacher).
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Measurement
The study included a baseline assessment at the end of first grade or at the beginning of grade 2
between May and October 2006 (t0), followed by the intervention between October 2006 and July 2007
during grade 2, and a follow-up assessment at the beginning of grade 3 between September and December
2007 (t1). Amongst other measurements a physical examination (anthropometry) and a parental questionnaire (sociodemographic data, behaviour, parents’ anthropometry) were included. Each participating
class went on a field trip to the Clinical Study Center of the Children’s Hospital in order to collect the
anthropometric data.
Anthropometry
During the physical examinations, anthropometric measures were assessed by trained medical staff
at the out-patient clinic of Ulm Children’s Hospital in a standardised manner. Height was measured to the
nearest 0.1 cm (Ulm stadiometer, Busse Design, Ulm, Germany) and weight to the nearest 0.1 kg on a calibrated balance beam scale (Seca, Hamburg, Germany) wearing only underclothes. BMI was calculated as
weight (kg) divided by height² (m²). BMI z score was determined using age and sex-specific BMI charts for
Germany [5]. Subscapular skinfold thickness (below the tip of the scapula with the fold running at an angel
of 45° downwards from the spine) and triceps skinfold thickness (on the left arm halfway between the
inferior border of the olecranon and the tip of the acromion process) were measured with a Lange skinfold
calliper (Santa Cruz, CA, USA). The average value out of 3 measurements was used for analyses in both
variables. Waist circumference was provided by the mean of 2 measurements at umbilicus level in 0.1 cm.
Behaviour
Children’s behaviours that were targeted by the intervention were assessed by parental questionnaires. As there are not any validated instruments assessing these specific behaviours in German, some
items were adapted from the KiGGS survey [25, 26]. Items were answered using a 5-point Likert scale:
frequency of consuming sugar-sweetened beverages at school and at home, frequency of playing outdoors,
frequency of participating in club sport and in other sport activity (nearly every day, 3–5 times a week,1–2
times a week, less than 1 time a week, never), and time spent watching TV on weekdays and weekends
(never, about 30 min/day, about 1–2 h/day, about 3–4 h/day, more than 4 h/day). Improvement (worsening) of health behaviour was defined as consuming less (more) often sugar-sweetened beverages, being
more (less) often physically active and watching less (more) TV compared to the baseline measurement.
Migration Background and Parental Education
Migration background was assumed if at least one parent was born abroad or if at least one parent
mainly spoke a foreign language during the children’s first years of life. This definition should also include
people who were born in Germany but still follow their traditional lifestyle, such as second-generation
immigrants.
Parental education can serve as a surrogate for socio-economic status to differentiate between lower
and higher social class [27]. Higher education was assumed for schooling of more than 10 years.
Process Evaluation
Teachers’ implementation of the intervention was assessed by questionnaires at the end of the school
year. Each teaching unit was listed and teachers provided information whether it was used in class or not.
Statistical Analysis
To check for imbalance in baseline characteristics between the randomisation groups we applied chi
square and Wilcoxon tests.
Differences of BMI, triceps and subscapular skinfold thickness as well as of waist circumference
between baseline and follow-up assessment according to intervention status were calculated using linear
regression models. To account for the cluster-randomised design we additionally applied multi-level
analyses with class on the second-level and subject on the first-level domain. The estimated regression
coefficients of the models correspond to the differences between control and intervention group. At
baseline age, migration background, mothers’ BMI, parental education and time between t0 and t1 varied
significantly between intervention and control group (table 1). However, only adjustment for the time lag
changed the outcome considerably. Therefore, only time between t0 and t1 was included in a second model.
All analyses were carried out using SAS 9.1 (Cary, NC, USA).
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Table 2. Differences between control and intervention group after the intervention: multi-level
analyses of BMI and secondary outcomes

n

Baseline
value

Model 1 adjusted for
baseline value

Model 2 adjusted for
baseline value and time
lag between t0 and t1

mean (SD)

estimate 95% CIa

estimate 95% CIa

945 16.23 (2.17)

–0.06

–0.21 to 0.10

-0.01

–0.14 to 0.13

Triceps

945 14.37 (6.11)

–0.50

–1.53 to 0.53

-0.26

–1.27 to 0.76

Subscapular

945 8.10 (4.33)

–0.64

–1.25 to –0.02

-0.60

–1.25 to 0.05

945 59.42 (6.51)

–0.85

–1.59 to –0.12

-0.61

–1.26 to 0.04

BMI, kg/m²
Skinfold thickness, mm

Waist circumference, cm

a95% CI. Regression coefficients correspond to the differences between control and intervention group. Negative estimates indicate a favourable intervention effect.

Results

Baseline characteristics of the study population are shown in table 1. Of the participants
506 (53.5%) were boys and 439 (46.5%) were girls. There were statistically significant
differences between the age of the intervention and control group (7.53 vs. 7.61 years),
percentage with migration background (36.8 vs. 28.9%), some parental characteristics and
time lag between t0 and t1 (463 vs. 427 days). In contrast, baseline values of anthropometric
measures did not vary notably.
30 of 32 teachers in the intervention classes provided data about implementation. 75%
implemented two thirds or more of the required 29 teaching units over the intervention
school year; on average 23.1 (SD = 6.3) teaching units were used.
The crude proportions (%) of children who improved versus worsened their behaviour
according to the intervention targets are shown in fig. 2. Overall, there were more children
who improved their health behaviours over 1 year than worsened them. The intervention
group revealed a higher percentage of children with an improvement and a lower percentage
with a worsening of the health-relevant behaviours compared to the control group. This
applies to all aspects of behaviour except to participation in club sports.
fig. 3 illustrates the unadjusted change in mean values of BMI, waist circumference and
triceps and subscapular skinfold thickness. In the intervention group the increases in waist
circumference, triceps and subscapular skinfold thickness were reduced in a consistent
manner compared to the control group.
Applying multi-level analyses to account for the cluster design revealed a similar pattern
(table 2). The primary outcome BMI was not influenced by the intervention. However,
secondary outcomes showed statistically significant estimates: Differences between intervention and control group were –0.64 (95% CI –1.25 to –0.02) mm for subscapular skinfold
thickness and –0.85 (95% CI-: –1.59 to –0.12) cm for waist circumference. After adjustment
for time lag between t0 and t1, these associations were reduced and lost their statistical
significance (model 2 in table 2).
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Fig. 2. Proportion (%) of participants changing their behaviour between baseline and follow-up according
to intervention status.

Discussion

URMEL-ICE contributes to the field of randomised school-based studies on overweight
prevention. There are several methodological strengths of our study which should be
mentioned. URMEL-ICE is the largest randomised-controlled, school-based overweight
prevention study in Germany. It is adequately powered, with a high rate of participation and
a low rate of drop-outs to the follow-up measurement. In our sample both the proportion of
children with migration background (U. Ellert, for the KiGGS-Study, personal communication, January 19, 2009) and the prevalence of overweight [4] are representative for
elementary school children in Germany. We used multiple parameters to assess anthropometry. All measurements were gathered by trained staff in Ulm Children’s Hospital.
The differences in the rate of children with migration background between schools
(ranging from 5% to 94%) were taken into account by choosing a multi-level approach.
Although the intervention did not influence BMI which was the primary outcome
variable, it resulted in a reduction of subscapular skinfold thickness and waist circumference. Thus, this study is unfortunately in line with literature, suggesting that currently
prevention programmes achieve only minor effects [28].
Differential intervention effects were found for the different anthropometric measures.
Subscapular skinfold thickness and waist circumference were slightly affected by the intervention, but triceps skinfold thickness and BMI were not. Some intervention studies have
described such differences in the effects on anthropometric parameters: Vandongen et al.
[29] reported a significant decrease in triceps skinfold thickness resulting from a physical
fitness intervention over 1 school year but did not identify changes to subscapular skinfold
thickness, percentage of body fat and BMI, Kain et al. [30] found a favourable effect of a
combined physical activity and nutrition intervention on BMI and waist circumference, but
not on triceps skinfold thickness in boys.
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Fig. 3. Anthropometric measures at baseline and follow-up according to intervention status. Unadjusted
mean values and 95% confidence limits of body mass index, waist circumference, skinfold thickness
triceps and skinfold thickness subscapular.

Whereas BMI reflects both fat-free and fat mass, skinfold thickness and waist circumference are more specific measures of body fat distribution. The overall convergence in
three anthropometric measures – subscapular and triceps skinfold thickness and waist
circumference – indicates that the intervention resulted in a shift of body composition
towards less fat (and possibly more muscle) mass. Assuming this, the activity-enhancing
components of the intervention would have been especially important and successful.
Overall, estimates of the intervention effect on anthropometric parameters were
smaller among children with migration background compared to the ones without (data not
shown). These difficulties in reaching socially disadvantaged children within schools are
well known limitations of such efforts and are in line with results of other studies in Germany
[31, 32].
Intervention and control group differed in the time lag between the two points of
measurements. Organisational constraints impeded that classes were examined at followup following the same chronological order as at baseline. In addition, time periods for investigating the children were rather long: 6 months at baseline and 4 months at follow-up. This
was necessary since we chose a hospital-based setting for the investigations including blood
analysis and sophisticated investigations like ultrasound measurements and evaluation of
cardiac function. Assuming an influence of this time lag on the intervention effects, we
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analysed our data with an adjustment for the time lag. This analysis resulted only in a
marginal reduction of the effects on subscapular skinfold thickness and in a stronger
reduction of positive changes in waist circumference.
A previous study showed that the summer break is a critical phase for maintaining
behaviour changes acquired at school [33]. The intervention effects may have been subdued
since the follow-up measurements in our study took place after a 6-week summer break.
Unlike the control group, the children in the intervention group showed changes in their
behaviour by consuming less sweetened beverages and being more physically active.
Results concerning club sport participation remain unclear. The local availability of
sports facilities may affect children’s physical activity, but such environmental measures
were beyond the means of this school-based intervention. Overall, the demonstrated changes
are probably due to the intervention, even if the measures used were not designed to detect
intervention effects. However, it cannot be excluded that parents of the children in the intervention group may have caused a response shift bias [34].
As Gonzalez-Suarez et al. [35] stated in their meta-analysis on school-based obesity
prevention programmes there are many factors out of researchers’ control that may
influence the effectiveness of interventions. Compliance of teachers and the implementation
of the intervention are crucial to the success of the study. Thus, we decided to develop the
URMEL-ICE intervention according to the curricular contents of elementary school in order
to facilitate regular implementation for teachers and to ensure that no additional personnel
or lessons were required. Over the course of 1 school year we found implementation rates
that were acceptable, but nevertheless could still be improved.
Recently, prevention measures were described including high amounts of extra physical
education. In a study by Kriemler et al. [36] in Switzerland 2 extra lessons weekly were
provided and resulted in small, but significant changes in skinfold thickness and BMI. The
intervention of another German study scheduled even 3 extra lessons of physical education
and showed positive effects on children’s physical fitness, but not on BMI-SDS and measures
of body composition [37]. Obviously, these are highly desirable and powerful approaches.
However, aspects of feasibility are crucial and must be considered.
There are examples of short-term prevention programmes that were effective initially
yet could not maintain their success at later follow-ups [32, 38, 39]. Over the course of the
years effects attenuated or were restricted to subgroups.
Thus, there is a need for prevention programmes, which run long term and can be
applied comprehensively, in spite of schools’ limited financial and personnel resources.
The URMEL-ICE intervention is an example of a programme that complies with the
given requirements. However, it should be expanded in terms of intervention duration to
make it more effective. An intervention period of more than 1 school year may increase the
possibility that behaviour changes are reflected in improvements in children’s body composition.
Obviously, to succeed in childhood overweight prevention in the long run, school-based,
teacher-centred interventions are just one approach. The development of health promoting
environments still remains highly important.
In conclusion, the 1 year school-based, curriculum-integrated intervention presented
here showed no effects on children’s BMI. However, there is a tendency for positive changes
in subscapular skinfold thickness and waist circumference, which in terms of populationwide, school-based prevention might nevertheless be of importance.
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