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Summary
Objective: The study analyzed the effect of a combined 
environmental and educational intervention solely pro-
moting water consumption on the incidence of over-
weight among school children. Methods: 2,950 second 
and third graders of 32 elementary schools in socially 
deprived neighborhoods of two German cities participat-
ed in a randomized controlled intervention trial (August 
2006–June 2007). In intervention schools (N = 17), water 
fountains were installed, each child received a water bot-
tle, and teachers performed classroom lessons to pro-
mote water consumption. Control schools (N = 15) did 
not receive any intervention. Body heights and weights 
were measured at baseline and follow-up to assess the 
incidence and remission of overweight and obesity dur-
ing follow-up. The water flow of the fountains was meas-
ured regularly during follow-up. Children’s beverage 
consumption was self-reported in 24-hour recall ques-
tionnaires before and after intervention. Results: After 
the intervention, the incidence of overweight was signifi-
cantly lower in the intervention group (3.8%) than in the 
control group (6.0%, p = 0.018). Remission of overweight 
and obesity did not differ between the groups. Meas-
ured water flow of the fountains indicated a sustained 
use. Conclusion: A simple dietary intervention with the 
sole focus on the promotion of drinking water effectively 
reduced the incidence of overweight among school chil-
dren.

Introduction

The prevention of overweight and obesity in children is one 
of the major challenges for medicine and public health today 
[1]. A recent Cochrane Review [2] was not able to identify 
one particular intervention that prevents obesity in children 
but designated programs as more promising that consider en-
vironmental modifications in addition to individual behavior 
changes. Prompted by the beneficial effect on weight status 
demonstrated in two recent smaller intervention trials focus-
ing on decreasing caloric soft drink consumption [3, 4], we 
evolved an intervention program for school children with the 
sole focus on the promotion of water consumption. Addition-
ally to an educational intervention, environmental modifica-
tions were implemented in the school setting for facilitating 
the access to drinking water and increasing the attractiveness 
of water consumption. We conducted a large randomized con-
trolled trial with elementary school children in deprived urban 
neighborhoods and found a reduced risk for the prevalence of 
overweight after the intervention [5]. In the present second-
ary analysis, we tested whether the incidence and remission 
of overweight and obesity was lower in the intervention group 
(IG) than in the control group (CG) as a consequence of the 
promotion of drinking water.

Participants and Methods

Methods and design of the randomized controlled cluster trial have been 
described in detail elsewhere [5]. The study population comprised chil-
dren attending the second and third grades of elementary schools in so-
cially deprived neighborhoods of two cities in Germany, Dortmund and 
Essen. The neighborhoods were defined by socio-demographic criteria as 
provided by the local public authorities for the city districts [6]. Random-
ization of the intervention was performed at city level with Dortmund as 
IG and Essen as CG. Of 81 eligible schools in the defined districts, 40 
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schools (IG: N = 20, CG: N = 20) were randomly selected. Out of these 
schools, 1 intervention school did not meet technical requirements for 
the fountain installation, 6 schools declined participation, and 1 control 
school withdrew participation during follow-up by reason of limited re-
sources. Finally, 32 schools (IG: N = 17, CG: N = 15) finished the follow-
up period. Before intervention, we obtained written parental consent for 
3,220 (84%) second and third graders attending the participating schools. 
Out of the 3,190 participants screened at baseline, 2,950 (92%) children 
(IG: 95%, CG: 89%) were also measured at follow-up and considered for 
analysis. Drop-outs during follow-up occurred mainly due to moving the 
class (n = 119) and 1 school’s withdrawal of participation (n = 89).

The intervention lasted 1 school year from August 2006 to follow-up 
measurements in June 2007 (250 days). As an environmental modifica-
tion, water fountains, which provided cooled and optionally carbonated 
water for free, were installed in the intervention schools, and each child 
received an appealing plastic water bottle. The educational intervention 
consisted of four 45-min classroom lessons based on the theory of planned 
behavior [7, 8]. Teachers received a booklet with the prepared curriculum 
including necessary material and performed the lessons at the beginning 
of the study. The CG did not receive any intervention. 

Body weights and heights were measured at baseline and follow-up by 
2 trained health professionals. Overweight (exclusive obesity) and obesity 
were determined according to the standard of the International Obesity 
Taskforce [9] and underweight by a definition for international use ac-
cording to an adult cut-off of 18.5 kg/m2 [10]. The incidence rate of over-
weight during the intervention was defined as the number of newly dia-
gnosed overweight children at follow-up in relation to the number of non-
overweight children (normal weight and underweight) at baseline. The 
remission rate of overweight was defined as the number of participants 
that were no longer overweight at follow-up divided by the number of all 
overweight (excluding obese) children at baseline. The incidence rate of 
obesity was the number of newly diagnosed obese children divided by the 
number of overweight children at baseline. Accordingly, remission rate of 
obesity was calculated on the basis of all obese children at baseline. BMI 
was converted into sex- and age-independent, continuous standard devia-
tion scores (BMI-SDS) based on German reference percentiles [11].

A secondary outcome was the beverage consumption of the partici-
pants. Two types of data were used: i) repeated assessment of the water 
flow of the fountains in the intervention schools (7 times with a mean 
interval of 43 days); ii) change in children’s beverage consumption (mean 
number of glasses/day in 7 beverage categories) which was self-reported 
in a 24-h recall questionnaire administered in the classroom at baseline 
and follow-up. The picture-based questionnaire was approved and adap-
ted for the relevant age group of children by a pre-test in 1 elementary 
school. A questionnaire was considered as plausible if a total daily beve-
rage consumption >0 glasses and ≤20 glasses was indicated. Out of 2,950 
participants, 1,987 (67%) children (IG: n = 1,070, CG: n = 917) had plau-

sible questionnaires at both baseline and follow-up. Methods and results 
of process evaluation are described elsewhere [5].

Baseline comparability between the groups was assessed using chi-
square test or Wilcoxon rank sum test where appropriate. The interventi-
on effect was statistically analyzed by comparing the incidence and remis-
sion of overweight and obesity between IG and CG using chi-square test. 
For the evaluation of the water flow during the follow-up period, Pearson 
correlation analysis was used. Changes in self-reported beverage con-
sumption were analyzed by Wilcoxon signed-rank test. All analyses were 
performed using SAS procedures (version 8.02; SAS Institute, Cary, NC, 
USA), considering a p value < 0.05 statistically significant.

The study was approved by the Ethics Committee of the University of 
Bonn. Written informed consent from the children’s parents was obliga-
tory for their participation. 

Results

In total, 1,641 participants in the IG and 1,309 participants 
in the CG with anthropometrical data at both baseline and 
follow-up were analyzed. Participants had a mean age of 8.3 
years, and 50.2% were male. Body weight status and charac-
teristics are presented in table 1. Baseline characteristics did 
not differ between IG and CG regarding sex (p = 0.977), BMI, 
BMI-SDS, and body weight status whereas children in the IG 
were slightly older at baseline and follow-up measurements 
than in the CG (table 1).

The incidence rate of overweight during the follow-up 
period of 250 days was significantly lower in the IG (3.8%) 
than in the CG (6.0%) (table 2). In contrast, the remission 
rate of overweight and obesity among the subgroup of over-
weight children did not differ significantly between IG and 
CG (table 2). 

Cumulated water flow of the fountains in the intervention 
schools showed a positive linear time trend over the whole 
intervention period, indicating a constant consumption level 
(correlation coefficient r = 0.99, p < 0.001).

Mean self-reported water consumption increased from 
baseline to follow-up by 1.2 glasses/day in the IG (p < 0.001) 
whereas mean consumption of soft drinks/juices decreased 
by 0.2 glasses/day (p = 0.019). In contrast, neither water con-
sumption nor consumption of soft drinks/juices changed sig-

Characteristic T0 p valuea T1 p valuea

IG (N = 1,641) CG (N = 1,309) IG (N = 1,641) CG (N = 1,309)

Age, mean ± SD, years   8.26 ± 0.73   8.34 ± 0.76 0.009   8.94 ± 0.73   9.03 ± 0.76 0.003
BMI, mean ± SD, kg/m2 17.11 ± 2.78 17.39 ± 3.10 0.050 17.50 ± 2.97 17.80 ± 3.26 0.037
BMI-SDS, mean ± SD   0.23 ± 1.06   0.30 ± 1.13 0.108   0.23 ± 1.07   0.31 ± 1.13 0.087
Body weight statusb 0.138 0.045
Obese, % (n)   6.2 (102)   8.4 (110)   6.1 (100)   8.0 (105)
Overweight, % (n) 17.2 (282) 17.5 (229) 17.4 (285) 19.8 (259)
Normal weight, % (n) 68.7 (1,128) 66.2 (897) 69.8 (1,145) 65.8 (861)
Underweight, % (n)   7.9 (129)   7.5 (98)   6.8 (111)   6.4 (84)

ap value obtained using chi-square test or Wilcoxon rank sum test for group differences.
bAccording to the International Obesity Taskforce [9] and Cole et al. [10].

Table 1. Baseline 
characteristics of  
participants and 
schools of the inter-
vention group (IG) 
and control group 
(CG)
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nificantly from baseline to follow-up in the CG, indicated by a 
difference of 0.0 glasses/day in both beverage categories (p = 
0.576 and p = 0.670, respectively).

Discussion

In the present analysis of a randomized controlled cluster 
trial, we could demonstrate that a school-based intervention 
solely focusing on the promotion of water consumption was 
effective for decreasing the incidence of overweight. Behav-
ioral modifications by this dietary intervention for primary 
prevention of overweight were indicated by an improvement 
in the beverage consumption of the school children.

Although the number of published trials on the prevention 
of obesity in children has increased in recent years, there is 
still not enough evidence for one particular program to be ef-
fective [2, 12]. However, the review of interventions showed 
that the targeting of the drinking habits seems to be a promis-
ing approach in the prevention of childhood overweight [13, 
14]. Recently, 2 randomized controlled trials with interven-
tions to reduce the consumption of soft drinks had at least 
partly a beneficial effect on the body weight status of children 
[4] and adolescents [3]. However, the trial that focused on ed-
ucational measures failed to be effective in the long term [15]. 
The other trial applied environmental and educational inter-
ventions that were highly intensive [3] and therefore hardly 
feasible for primary prevention in a deprived population.

Our dietary intervention reduced the overall risk for over-
weight [5] and, as demonstrated here, was effective in reduc-
ing the incidence of overweight but did not affect remission of 
overweight or obesity. This primary prevention approach was 

directed to the entire population independent of body weight 
status. Thus, it was not expected to have a therapeutic effect 
in already obese or overweight children. This result supports 
the primary aim of the intervention to counteract the increase 
in prevalence of overweight in the public health context. For 
this purpose, the feasibility of the intervention in the school 
setting is of special importance. Results of the process evalu-
ation of the intervention trial, indicating a good compliance 
of the teachers [5], point to a sustainable integration of the 
intervention in schools.

Elementary schools are an ideal setting for primary pre-
vention since the development of health-related behaviors is 
determined in these age groups [14]. Furthermore, this age 
period is significant in the development of overweight as prev-
alence rates increase from 9% in preschool children to 19% in 
secondary school children aged 11–13 years in Germany [16], 
underlining the relevance of prevention in this age group. Our 
intervention reduced the incidence of overweight in this age 
group and may therefore serve as one effective measure for 
the prevention of overweight. In contrast, the missing effect 
on the remission of overweight showed that the intervention 
could not be used for the treatment of overweight.

As a methodological limitation, the randomization at city 
level has to be mentioned. Intervention and control schools 
were located in different cities to minimize treatment contam-
ination but that might have resulted in regional differences 
between the groups. However, schools were located in dis-
tricts selected by the same socio-demographic criteria result-
ing in similar baseline characteristics of the participants in the 
IG and CG.

From a public health perspective, it is of particular impor-
tance that this preventive intervention was effective among 
children from socially deprived neighborhoods implying a 
lower socio-economic background. This population group 
has an increased risk of overweight and obesity [16, 17] and, 
furthermore, a low socio-economic status seems to serve as 
a barrier to traditional, behavioral interventions [18, 19]. A 
reason for the success of our intervention even in this popula-
tion group might be the environmental intervention approach 
that was independent from external support, e.g. of parents 
or study staff. Experts’ suggestion that prevention programs 
should consider the environmental intervention approach in 
addition to individual behavioral changes [2, 14] is supported 
by our results.
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Table 2. Incidence and remission rates of overweight and obesitya during 
the follow-up period in the intervention group (IG) and control group 
(CG)

IG CG p valueb

Incidence rate, % (n)
  Overweight   3.8 (48)   6.0 (58) 0.018
  Obesity   7.1 (20)   5.2 (12) 0.390

Remission rate, % (n)
  Overweight 16.7 (47) 14.4 (33) 0.485
  Obesity 21.6 (22) 15.5 (17) 0.251

aAccording to the International Obesity Taskforce [9].
bp values obtained using chi-square test for group differences.
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