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Abstract
Introduction: Up to now, there is limited clarity on factors 
that determine the effectiveness of childhood obesity inter-
ventions. Objective: This study intends to uncover individu-
al- and program-level predictors of BMI-SDS and fitness to 
achieve significant, sustainable health improvements. Meth-
ods: Data of 249 children with obesity or overweight who 
participated in an outpatient multidisciplinary program 
were analysed and compared to 54 waitlist controls. Linear 
regression models were used to examine associations be-
tween individual- and group-level variables and BMI-SDS 
and fitness. Results: Among intervention children, BMI-SDS 
decreased by 0.19 units and physical fitness increased by 
11.5%, versus a BMI-SDS decrease of 0.07 and a 1.8% de-
crease in fitness in the control group. Participants who re-
ported being physically active before the program start 
achieved greater improvements in BMI-SDS (β = –0.177, p < 
0.05) and physical fitness (β = 0.174, p < 0.05) than inactive 
peers. BMI-SDS decreased significantly more for members of 

gender-heterogeneous groups (β = 0.194, p < 0.05) with a 
narrow age range (β = 0.152, p < 0.05). Conclusions: The pro-
gram under review is effective in counteracting juvenile obe-
sity. The results give reason to believe that forming mixed-
gender groups with a small age range and providing in-
creased support for reportedly inactive children may improve 
program effectiveness. © 2020 The Author(s)

Published by S. Karger AG, Basel

Introduction

Despite associations being found consistently between 
overweight or obesity and negative health consequences 
[1], the prevalence of these conditions has increased dra-
matically over the last decades. In 2016, over 18% of chil-
dren and adolescents aged between 5 and 19 years were 
affected by overweight or obesity worldwide, while this 
number was at 4% in 1975 [2]. Children with obesity often 
experience hypertension, insulin resistance, and hyper-
lipidaemia [3, 4]. Furthermore, being affected by over-
weight in childhood has negative effects on emotional 
health [5] and socialisation [6]. Unfortunately, paediatric 
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obesity tends to lead to weight problems in adulthood [7]. 
Studies have estimated a persistence rate of 40–70% [8, 9] 
for associated negative health consequences in terms of 
non-communicable diseases [1]. Hence, childhood obe-
sity poses a serious and pressing societal problem, which 
needs to be addressed.

Presently, no gold standard has been identified in re-
gard to designing childhood obesity programs that are 
effective for weight reduction and an increase in physical 
fitness [10, 11]. Multidisciplinary programs that combine 
physical activity, education on nutrition, and behavioural 
therapy have been found to be the most promising [12, 
13]. However, most of these studies only aim to reduce 
weight or BMI-SDS and neglect the impact on changes in 
physical fitness, which is unfortunate as physical activity 
and the resulting increase in fitness level lead to health 
improvements [14]. So far, research on factors with an 
impact on program success clearly shows that age is pos-
itively correlated with program success [15] while there is 
limited clarity with regard to the impact of initial BMI, as 
previous sources report different results [16–18]. The few 
studies that included physical fitness as an outcome vari-
able found that base-level fitness is negatively correlated 
with increases in fitness [19], or they reported no associa-
tion between the two [20]. On a program level, program 
duration [21], the involvement of the family [22], and a 
group intervention [23] (versus an individual treatment) 
have been found to have a positive impact on program 
effectiveness. For group treatments, evidence exists that 
smaller group sizes are beneficial for program success 
[24] and that gender diversity has a positive impact on 
team effectiveness in the scope of work-related project 
groups [25].

To summarise, while there do exist several studies on 
the impact of individual-level factors, transparency on 
the effect of team composition variables on program suc-
cess is limited. This study intends to address the prevalent 
shortcomings of existing intervention programs and to 
shed light on the impact of individual and group determi-
nants on program effectiveness [12]. A better under-
standing of how to build a truly effective childhood obe-
sity intervention is expected to enable the development of 
more effective programs. This is not only beneficial for 
participants who will improve their physical health and 
associated quality of life, but also for societies as a whole, 
as excess weight is associated with a significant devalua-
tion of human capital [26].

Materials and Methods

Data Sources and Intervention Description
In 2003, an outpatient multicomponent family-based pro- 

gram – the Children’s Health Interventional Trial (CHILT III) – 
started at the German Sport University, Cologne. The CHILT pro-
gram is a comprehensive 11-month outpatient intervention (the 
duration is equivalent to a school year) which builds on the 3 pillars 
of nutrition, physical activity, and medical/psychosocial support. 
The primary target groups are children and adolescents with obe-
sity aged between 8 and 16 years and, additionally, children with 
overweight of the same age group who display risk factors such as 
dyslipidaemia, hypertension or diabetes type 2, or familial risks for 
these conditions. 

Until 2011, each cohort was split into 2 sub-teams, separating 
children above 12 years of age from younger participants. Since 
2012, the whole cohort was counselled together due to the intro-
duction of the all-day school concept that made it impractical to 
conduct 2 consecutive sessions. In total, 23 groups participated in 
the program (16 groups in 8 years between 2003 and 2011, and 7 
groups in 7 years between 2011 and 2018). 

The children came twice a week and were accompanied by their 
parents during one of those weekly visits. One visit was scheduled 
for a regular medical consultation that included weighing, fol-
lowed by a children’s group class in nutrition or psychosocial as-
pects. In nutrition-focused sessions, the children received infor-
mation about selecting healthy foods and cooked together. Fur-
thermore, both correct behaviours in the context of bullying and 
the importance of getting regular physical exercise instead of being 
sedentary were discussed during the psychosocial classes. While 
the parents received the same lessons and information from previ-
ous classes, the children participated in a 60-min physical activity 
program that was mostly conducted in a playful manner. Activities 
were focused on endurance and moderate resistance training and 
were complemented by games such as soccer or hockey. The sec-
ond visit involved only an exercise session of 90 min for the chil-
dren. In total, participants performed 150 min of physical activity 
per week within the scope of the program. Once per month, the 
parents joined a group exercise session. All children in the inter-
vention group (IG) missed < 10% of the lessons.

Anthropometric Data Assessment and Exercise Testing
At the beginning and end of the program, standard calibrated 

scales and stadiometers were used to measure and weigh every 
child [27]. For children in Germany, overweight is diagnosed using 
the age- and gender-specific nomograms for body mass index de-
veloped by the “Arbeitsgemeinschaft Adipositas im Kindes- und 
Jugendalter” (AGA) [28] which follows the definition of Kromey-
er-Hauschild [29]. A BMI below the 90th percentile indicates nor-
mal weight, values above the 90th and below the 97th percentile 
reflect overweight, and a BMI value above the 97th percentile is 
defined as obesity. We calculated the BMI standard deviation score 
(BMI-SDS) as (BMI/M[t]L[t] – 1)/(L[t] × S[t]), where M[t], L[t], 
and S[t] reflect the age and gender-specific parameters of the child 
[29].

Resting blood pressure was measured 3 times, and the average 
of the second and third measurements was recorded. Body fat per-
centage was measured using a body fat calliper and fasting blood 
samples were assessed to analyse various health parameters, such 
as cholesterol, glucose, and insulin (data not shown). 
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To measure physical fitness, the subjects performed an incre-
mental progressive exercise test on a bicycle ergometer (Ergomet-
rics er900, Ergoline, Bitz, Germany) on which they exercised until 
exhaustion. Two protocols were used to assess VO2 max: the 
2009/2010 cohort followed a ramp-up protocol with a starting 
workload of 25 W that increased by 20 W every 2 min. In the years 
before, an initial load of 20 W was increased every 2 min by 0.5 W 
per height-adapted reference weight. Subjects were vigorously en-
couraged to push to their limit during the high-intensity phases of 
the exercise program. Gas exchange was measured breath-by-
breath, and the peak VO2 was determined via a Spirograph system 
(ZAN 600 CPET, Oberthulba, Germany). The results of the test 
were related to body weight as W/kg and peak VO2 in mL/kg × 
min–1. Lastly, each family completed a comprehensive question-
naire, providing information on demographics, educational back-
ground, health status, and lifestyle patterns (e.g., physical activity 
and nutrition behaviour) of both the child and the parents. 

Sample Description
The minimum data required per participant to be included in 

the analysis of this study are age, gender, BMI-SDS, and physical 
fitness before and after program completion. We decided to use 
BMI-SDS as it is better suited than BMI to diagnose whether the 
child is affected by overweight and obesity, as the latter measure 
varies with gender and age [30]. Physical fitness was measured in 
maximum power in the scope of this study. Excluding the June 
2018 cohort, whose post-assessment had not taken place at the 
time of submission, a final data set of 303 children remained. The 
sample consisted of 303 children, of whom 249 (82.2%) received 
the intervention and 54 (17.8%) were on the waitlist and hence 
served as a control group (CG). The IG was split almost evenly in 

terms of male and female participants (47.4 vs. 52.6%, respectively) 
and comprised mostly children of German origin (83.5%). The 
majority of participants in the IG were between 10 and 14 years old 
(72.7%), while 11.2% were younger and 16.1% were older.

Besides individual data, information on the size and composi-
tion of the sub-teams was available. Table 1 provides an overview 
of all available data.

Statistical Analysis
Descriptive statistics are shown as mean values, standard de-

viations, and ranges for both the IG and CG. Baseline differences 
between the groups were assessed with a t test for metric variables 
and a χ2 test for categorical and dichotomous variables. In order to 
determine whether the program was effective, the average changes 
in BMI-SDS and physical fitness were determined for both IG and 
CG and tested for significance with a t test. We deployed a CI of 
95% to assess statistical significance. Backwards multiple linear re-
gression models were employed on the data of the 249 intervention 
children to uncover individual- and program-level variables that 
influenced the program’s success. All statistical analyses were car-
ried out with the program IBM SPSS Statistics version 25.0.

Results

Table 2 summarises the baseline values (mean, SD, and 
range) of individual-level demographic and health vari-
ables and compares the IG and CG. At t1, the average 
BMI-SDS score of the IG was 2.46 (SD 0.45). The average 

Table 1. Overview of variables

Variable Type Definition

Individual-level variables – demographic and health
Agea Metric Age at time of program start
Gendera Dichotomous Gender; 1 = boy, 2 = girl
German nationality? Categorical Nationality; 1 = German, 2 = non-German
Group Dichotomous Group status; 0 = control, 1 = intervention
Physically active? Dichotomous Whether or not participant is physically active; 0 = no, 1 = yes
Body fat percentage Metric Body fat as share of total body mass, in %
BMI Metric Body mass index (measure of weight adjusted for height), in kg/m²
BMI-SDSa Metric BMI standard deviation score, according to Kromeyer-Hauschild et al. [29]
Relative maximal power 
outputa (Physical fitness)

Metric Maximum power output in watts divided by weight in kg

Program-level variables
Parents weighed? Binary Whether or not parents have been weighted at program start and end; 

0 = no, 1 = yes
Sub-team size Metric Number of children in respective sub-team
Sub-team gender homogeneity Metric Homogeneity from 0 to 100%, where 0% implies an equal share of males and 

females
Sub-team age range Metric Age of oldest member minus age of youngest member of sub-team (in years)

a Availability of this data point was a precondition for being part of the sample.
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maximal power output in the IG was 1.7 W/kg body 
weight (SD 0.37), which is below reported average values 
(around 2.5 for girls and 3.0 for boys [31]). Within the 
CG, the children displayed a BMI-SDS of 2.40 (SD 0.51) 
and a physical fitness of 1.86 W/kg body weight (SD 0.40). 
Post hoc analyses revealed that children in the IG were 
slightly older (p < 0.05) and displayed a higher body fat 
percentage (p < 0.05) than CG children, whose relative 
maximal power output values were slightly above those of 
the IG (p < 0.05). 

Among the intervention children, program-level vari-
ables with regard to team size and composition were as-
sessed. Parental weight was measured for approximately 
62.2% of the sample. The average size of an intervention 
sub-team was 12.4 members with a range of 6–17 mem-
bers (SD 3.3). Looking at the gender diversity among the 

sub-teams that received the intervention, the average 
share of males was at 47.4% with a range of 25.0–61.1% 
(SD 9.2). The average age within a sub-team was 4.47 
years with a range of 2.0–8.0 years (SD 1.5). 

Table 3 shows the results of the assessment of the pro-
gram’s general effectiveness and reveals that the program 
can be considered effective, as both BMI-SDS and maxi-
mal power output improved significantly among inter-
vention children versus control children (each p < 0.001). 
With regard to BMI-SDS, intervention participants de-
creased their BMI-SDS by 0.19 units after the 11-month 
program, on average. The CG experienced a decline of 
only 0.07 BMI-SDS units during the same time. The aver-
age improvement in relative maximal power output 
amounted to approximately 11.5% (plus 0.17 units in ab-
solute values). Among children in the CG, physical fitness 

Table 2. Baseline demographic and health data and differences between IG and CG

Measure IG CG Comparison

n M SD min. max. n M SD min. max. M Δ 95% CI Δ p valuea

Age, years 249 12.4 2.1 7.9 17.1 54 11.7 2.3 7.3 16.6 –0.68 –1.3 to –0.4 0.036
Gender 249 – – – – 54 – – – – – – 0.884
Body fat % 238 25.0 2.5 18.6 43.1 50 23.9 1.8 19.6 28.2 –1.1 –1.8 to –0.34 0.004
BMI t1 249 29.9 4.8 20.5 56.6 54 54 4.4 21.3 39.0 –1.2 –2.6 to 0.17 0.086
BMI-SDS 249 2.46 0.45 1.53 3.80 54 2.40 0.51 1.50 3.48 –0.06 –0.20 to 0.08 0.409
Rel. max. power 249 1.71 0.37 0.71 2.82 54 1.86 0.40 1.11 2.76 –0.15 –0.04 to 0.26 0.007

n Yes, n (%) No, n (%) n Yes, n (%) No, n (%) p valuec

German nationality? 230 208 (90b) 22 (10b) 41 39 (95b) 2 (5b) 0.330
Physically active? 210 128 (61b) 82 (39b) 40 27 (68b) 13 (33b) 0.434

IG, intervention group; CG, control group.
a Significance value as a result of two-tailed t test for metric variables. 
b As a share of those children for whom data was available. 
c Significance value as a result of the χ² test for categorical or dichotomous variables.

Table 3. Changes in outcome variables after 11 months (t2) and differences between IG and CG

Measure IG (n = 249) CG (n = 54) Comparison

M SD min. max. M SD min. max. MΔ p valuea

Δ t1t2 BMI-SDS –0.19 0.28 +0.55 –1.33 –0.07 0.21 +0.33 –0.75 0.12 <0.001

Δ t1t2 rel. max. 
power % (abs.)

+11.5
(+0.17)

22.9
(0.34)

–49.8
(–1.01)

+154.7
(+1.66)

–1.8
(–0.07)

19.7
(0.36)

–43.1
(–1.04)

+63.3
(+0.92)

–13.4
(–0.24)

<0.001
<0.001)

IG, intervention group; CG, control group.
a Significance value as result of two-tailed t test for metric variables.
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decreased by 1.8% (–0.07 units in absolute values) during 
the same 11-month period.

Tables 4 and 5 summarise the results of the analysis of 
the impact of individual- and program-level variables on 
effectiveness, showing that for both BMI-SDS and fitness 
the baseline value in t1 significantly predicted the magni-
tude of change in the respective variable. For BMI-SDS, a 
higher base BMI was associated with a lower reduction in 
BMI-SDS (β = 0.138, p < 0.05). For physical fitness, the 
lower the relative maximal power output was at t1, the 
greater the increase was through the intervention (β = 
–0.515, p < 0.001). Children who reported that they were 
physically active before t1 saw more positive changes in 
both outcome variables: prior physical activity was asso-
ciated with a greater reduction in BMI-SDS (β = –0.177, 
p < 0.05) and a greater increase in fitness (β = 0.174, p < 
0.05). Furthermore, the change in physical fitness was 
also predicted by the participant’s base-level BMI (β = 
–0.212, p < 0.05) and age (β = 0.163, p < 0.05). Concern-
ing program-level variables, the improvement in BMI-
SDS was negatively associated with the degree of gender 
homogeneity within a sub-team (β = 0.194, p < 0.05). We 

observed the opposite effect for age: the wider the age 
range was within a sub-team, the lower the participant’s 
reduction was in BMI-SDS (β = 0.152, p < 0.05). Both 
variables did not significantly predict the change in phys-
ical fitness. Whether the parents’ weight had been mea-
sured or not and the size of the sub-team had no signifi-
cant impact on either outcome variable. The collinearity 
statistics showed that we did not face the problem of mul-
ticollinearity in this study (variance inflation factors < 10 
[32]).

Discussion

Main Findings and Contribution of the Study
The goal of this study was to assess the effectiveness of 

the 11-month juvenile obesity intervention and to uncov-
er potential determinants of the program’s success. The 
results show that the CHILT intervention effectively im-
proves relevant health outcomes. After the program, the 
standardised BMI decreased on average by 7.8 versus a 
2.8% decline in the CG, and relative physical fitness im-

Table 4. Linear regression of intervention participation on Δ BMI-SDS (n = 201)

Measure β SE Std. β t p > |z| VIF

Physically active –0.100 0.040 –0.177 –2.505 0.013 1.108
BMI t1 0.008 0.004 0.138 1.983 0.049 1.081
Sub-team size 0.012 0.007 0.136 1.672 0.096 1.480
Sub-team gender homogeneity 0.003 0.001 0.194 2.484 0.014 1.359
Sub-team age range 0.026 0.013 0.152 2.030 0.044 1.252
R² 0.118
Adjusted R² 0.095
Prob. > F 0.000

VIF, variance inflation factor.

Table 5. Linear regression of intervention participation on Δ rel. maximal power output (n = 201)

Measure β SE Std. β t p > |z| VIF

Age 1.809 0.851 0.163 2.126 0.035 1.454
Physically active 8.200 3.175 0.174 2.583 0.011 1.107
Rel. max. power output t1 –32.052 4.799 –0.515 –6.679 0.000 1.454
BMI t1 –1.066 0.431 –0.212 –2.473 0.014 1.797
R² 0.194
Adjusted R² 0.178
Prob. > F 0.000

VIF, variance inflation factor.
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proved on average by 11.5% versus a decrease of 1.8% in 
the CG. The results indicated that children who were 
physically active prior to the start of the program achieved 
better results – both in terms of BMI-SDS reduction (ap-
prox. 0.12 units) and physical fitness improvement (ap-
prox. 13.4 percentage points). In addition, we uncovered 
that group heterogeneity in terms of gender was benefi-
cial for improvements in BMI-SDS, while age diversity 
had a negative effect: sub-teams with a lower age range 
saw greater reductions in BMI-SDS. 

Effectiveness and the Impact of Individual-Level 
Factors on BMI-SDS and Physical Fitness
Our study uncovered that children who indicated that 

they had been physically active before the start of the pro-
gram were more successful in improving BMI-SDS and 
physical fitness. Comparable programs that are only open 
to children who have proven to be motivated for a lifestyle 
change achieved higher reductions in BMI-SDS [33], 
which corresponds to this finding. One could hypothesise 
that physically active children display higher intrinsic 
motivation for change and are hence more dedicated to 
the program than their peers [34]. Another reason for the 
greater perceived effects might be that the program is 
only a form of lifestyle optimisation for these children, 
while non-active peers perceive it as a radical change. 
Furthermore, a reasonable assumption is that prior activ-
ity fosters the children’s belief in their own ability to par-
take in and enjoy sports, which may translate into a high-
er program engagement. The results may provoke the in-
stitutions that finance such programs to discuss a potential 
pre-screening of applicants’ physical activity behaviour 
due to its strong impact on effectiveness. 

Impact of Program-Level Factors on BMI-SDS and 
Physical Fitness
Our finding that the group composition has consider-

able potential to influence program effectiveness is good 
news, as this is at least partly under the control of the pro-
gram designer. While there does exist proof that gender 
diversity is beneficial for team success at the workplace 
[25, 35], so far, researchers could not confirm this finding 
in the context of health promotion [36]. We showed that 
aiming for a balanced gender distribution within an obe-
sity IG is plausible, as this heterogeneity has a positive 
impact on the reduction of BMI-SDS. A potential expla-
nation for this relationship might be that the perceived 
social support and group cohesion, which are predictors 
of success in health promotion programs [37, 38], have 
been found to be higher in gender-diverse teams [39]. 

Furthermore, one could assume that the combination of 
women’s cooperative and encouraging interaction style 
and men’s competitive orientation, which could explain 
the superior performance of mixed-work teams [35], also 
drive success in this context. With regard to age, we em-
pirically proved the existing theoretical hypothesis that a 
juvenile obesity program is more effective in teams with 
a small age range because it allows for targeting measures 
towards the specific needs of different age groups which 
differ considerably as physical and cognitive develop-
ment is rapid during childhood [40].

Limitations
Like all empirical analyses, this study is not free of lim-

itations. The size of the sample is limited, and the CG is 
smaller than the IG; hence, one should interpret all results 
with caution.

The fact that the models explain only 9.5% of the vari-
ation in BMI-SDS and 17.8% of the variation in physical 
fitness is not surprising, as only a subset of potentially 
impactful factors was considered. We did not assess the 
effect of the BMI-SDS reduction and physical fitness in-
crease on relevant health parameters such as blood pres-
sure or cholesterol values, as that would have further re-
duced the statistical population. Furthermore, several in-
dividual- and program-level factors were not included in 
our study, although it would have been interesting to 
analyse their impact on program effectiveness, with so-
cioeconomic status being the most important factor. As 
many of the parents did not respond to the question re-
garding their highest level of education, the number of 
valid answers reduced the data set available for analysis 
significantly. In addition, we could not address the ques-
tion of which type of program works best with regard to 
frequency, intensity, and duration, as only one program 
was in the scope of our analysis. As the CHILT program 
corresponds well to the multimodal intervention struc-
ture that has been proven to be the most effective inter-
vention type [12], we instead focused on exploring pre-
dictors of effectiveness within that frame.

In addition, selection bias, information bias, and the 
risk of confounding are 3 major concerns to consider. As 
the participants themselves (or rather their parents) de-
cided to participate in the program, they potentially share 
characteristics that distinguish them from other groups. 
Because some data is self-reported, the study is not free 
from information bias. Moreover, we could not attain the 
desired precision with regard to the prior level of physical 
activity. Lastly, and despite the inclusion of control vari-
ables, we still clearly face the risk of confounding, as there 
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may be additional factors that we are not aware of which 
confound the association between the independent vari-
ables under consideration and the program’s success. 

Nonetheless, this study serves as a valuable contribu-
tion to research on the effectiveness of childhood obesity 
interventions in Germany and accentuates the relevance 
for future work to explore the topic of program success 
determinants in detail.

Conclusion

This study intended to explore the question of how the 
severe and highly relevant problem of childhood obesity 
can be tackled effectively. The analyses show that the 
CHILT program, as an example of a multimodal juvenile 
obesity intervention, not only effectively reduces BMI-
SDS values, but also increases physical fitness among par-
ticipants. Further examinations should include an analy-
sis of the question regarding to what extent these im-
provements translate into health improvements that are 
sustainable in the long term. In addition, we found that 
the children’s physical activity behaviour before the pro-
gram, and the age and gender composition of the IG pre-
dict intervention effectiveness and can hence be leveraged 
to optimise existing and future childhood obesity pro-
grams. 
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