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Abstract
Background: School-based intervention studies promoting a healthy lifestyle have shown favorable immediate health
effects. However, there is a striking paucity on long-term follow-ups. The aim of this study was therefore to assess the 3 yrfollow-up of a cluster-randomized controlled school-based physical activity program over nine month with beneficial
immediate effects on body fat, aerobic fitness and physical activity.
Methods and Findings: Initially, 28 classes from 15 elementary schools in Switzerland were grouped into an intervention
(16 classes from 9 schools, n = 297 children) and a control arm (12 classes from 6 schools, n = 205 children) after stratification
for grade (1st and 5th graders). Three years after the end of the multi-component physical activity program of nine months
including daily physical education (i.e. two additional lessons per week on top of three regular lessons), short physical
activity breaks during academic lessons, and daily physical activity homework, 289 (58%) participated in the follow-up.
Primary outcome measures included body fat (sum of four skinfolds), aerobic fitness (shuttle run test), physical activity
(accelerometry), and quality of life (questionnaires). After adjustment for grade, gender, baseline value and clustering within
classes, children in the intervention arm compared with controls had a significantly higher average level of aerobic fitness at
follow-up (0.373 z-score units [95%-CI: 0.157 to 0.59, p = 0.001] corresponding to a shift from the 50th to the 65th percentile
between baseline and follow-up), while the immediate beneficial effects on the other primary outcomes were not sustained.
Conclusions: Apart from aerobic fitness, beneficial effects seen after one year were not maintained when the intervention
was stopped. A continuous intervention seems necessary to maintain overall beneficial health effects as reached at the end
of the intervention.
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- from increased morbidity and mortality.[5] Yet, aerobic
performance levels in youth have almost globally decreased over
the last decades[6] and not even half of the children meet physical
activity recommendations.[7]
The importance of primary prevention by promoting physical
activity in general[8] as well as in the scope childhood obesity has
become indisputable,[9] as most pediatric obesity treatment
interventions are marked by small changes in adiposity,[10] a
substantial relapse rate and by a strong tracking of overweight into
adulthood.[11] School-based intervention studies promoting a

Introduction
Clinical markers of chronic disease in adulthood like atherosclerosis, obesity and osteoporosis are due to lifelong processes that
originate in childhood with physical inactivity and low aerobic
fitness as key players in the high burden of chronic disease.[1] In
children, both factors are associated with increasing prevalence of
cardiovascular risk factors[2,3] even independent of body
weight.[4] There is strong evidence that high aerobic fitness and
physical activity protect adults - with or without increased body fat
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teachers and the same curriculum aiming at increasing quality of
physical education and quantity of at least moderately intense
physical activity was provided to all intervention classes. In
addition, three to five short activity breaks (two to five minutes
each) were introduced every day during academic lessons,
comprising motor skill tasks such as jumping or balancing on
one leg. The children also received daily physical activity
homework of about 10 minutes. Children and parents of the
control group were not informed about the existence of the
intervention program in other schools. The teachers in the control
group knew about the intervention arm, but were not informed
about its content. After the intervention, none of the schools
continued to provide additional physical education.

healthy lifestyle have shown favourable immediate health
effects.[12] However, there is a striking paucity of information
on long-term follow-up especially of high-quality randomised,
controlled, theory driven trials that had shown efficacy at the end
of their interventions.[12,13] Therefore, we report the 3-year
follow-up results of a cluster-randomised, controlled trial (‘‘Kinder- und Jugendsportstudie’’; KISS) comparing a school-based
stringent physical activity program to traditional physical education during one school-year. This trial has shown beneficial shortterm effects on aerobic fitness, physical activity, body fat and a
composite cardiovascular risk factor score.[14]

Methods
Ethics statement

Outcome measures

The study was approved by the ethics committees of the
University of Basel and the Swiss Federal Institute of Technology
Zurich, as well as by the Cantonal Ethical Committee of Aargau,
Switzerland. Written informed consent was provided by at least
one parent and all children gave their assent for participation to
the whole study and specifically for the blood withdrawal. The
protocol for this trial and supporting CONSORT checklist are
available as supporting information; see Checklist S1 and Protocol
S1.

All measures were taken exactly the same way at baseline, postintervention and at follow-up.[14,15] Blinding of the assessors at
follow-up was fulfilled, except for waist circumference and skinfold
assessment measured by the same persons as before. As in the
initial analyses, primary outcome measures included the sum of
four skinfolds, aerobic fitness, physical activity and quality of life.
Secondary outcome measures included body mass index (BMI)
and a cardiovascular risk score comprising all variables of the
metabolic syndrome. Overweight was calculated based on WHO
criteria.[16] Skinfold thickness was measured in triplicate to the
nearest 0.5 mm with Harpenden calipers (HSK-BI, British
Indicators, UK). The sum of four sites (triceps, biceps, subscapular
and suprailiacal) was calculated.[17] Aerobic fitness was determined using the 20 m shuttle run test.[18] Physical activity was
monitored by an accelerometer (MTI/CSA 7164/GT1M, Actigraph, Shalimar, FL, USA) which was worn continuously around
the hip for 7 weekdays during each measure period. The sampling
epoch was set at one minute. Time periods with over 15 minutes of
continuous zero values were omitted. An individual child’s
physical activity data were included if at least three weekdays of
measurements with a minimum of 12 hours and one weekend day
of at least 10 hours were recorded.[19] Physical activity was
expressed as average counts/min (cpm) and moderate-vigorous
physical activity (MVPA) as minutes above 2000 cpm (which is
equivalent to walking at about 4 km/h). A physical activity
questionnaire was used to assess children’s sports club and leisure
time sports participation, as well as parental support for and
attitude towards physical activity. Quality of life was assessed by
the child health questionnaire[20] distributed at school in coded
envelopes and completed by the child, if necessary, with the help
of the parents. Blood pressure was measured at the right arm five
times after a resting period of five minutes using an automated
oscillograph (Oscillomate, CAS Medical Systems, Branford, CT,
USA). The mean of the three measurements with the smallest
variation was taken and then z-transformed.[21] Blood was drawn
in the morning while fasting for measurements of glucose, insulin,
and lipids as previously described[15] and a composite cardiovascular risk score[22] was computed by averaging the z-scores of all
components of the metabolic syndrome (waist circumference,
blood pressure (mean of systolic and diastolic blood pressure zscore), glucose, inverted high density lipoprotein-cholesterol
(HDL), and triglycerides). Skewed data were ln-transformed. Zscores were derived from published age- and gender-specific norm
values for BMI[23] and blood pressure.[21] The remaining
variables were z-transformed using grade- and gender-specific
means and standard deviations derived from the whole sample at
each measurement period. Reported time spent in sport clubs (in
min/wk), leisure-time physical activity (in min/wk) and parents’

Design and study population
The design and the short-term effects have been published
previously.[14,15] Briefly, this cluster randomized controlled trial
with a multi-component physical activity intervention was
performed between August 2005 and July 2006 in two of 26
provinces of Switzerland comprising 10% of the Swiss population.
Of the 95 schools fulfilling our stratification criteria, i.e. rural
versus urban localisation, and a prevalence of 10–30% children
from other ethnicities as in the Swiss population, and, for practical
reasons, the presence of at least one first and fifth grade class per
school, we randomly selected 15 schools and assigned them in a
3:2 ratio to an intervention (n = 9 schools) and a control arm (n = 6
schools). Randomization by school was done to avoid a
contamination of treatments and was performed based on a
computer-generated random-number table which was in the
hands of a person not involved in the study. All measurements
were performed at school. The younger children, now in fifth
grade, were contacted through and tested in their respective
schools (June 2009). The former fifth graders now attending
different secondary schools/colleges were contacted individually
and testing was done in an easily reachable, centrally located
school (August to November 2009). For participation in the
baseline and post-intervention testing, children received a swim
towel with the KISS logo and parents received a written report
about individual results of their child. Participants in the follow-up
received a small kite (younger children) and a gift voucher (value
30 CHF for younger children or 50 CHF for older children).

Intervention
The intervention was targeted both at the cluster and the
individual level and was based on a socio-ecological conceptual
model focusing on increasing daily physical activity as previously
described.[15] Briefly, children in both groups had three physical
education lessons per week (45 minutes each) given by the usual
classroom teachers. The intervention group had two additional
physical education lessons (45 minutes each) on the remaining
school days that were taught by physical education teachers. The
curriculum for all physical education lessons for the intervention
group was prepared by a team of expert physical education
PLOS ONE | www.plosone.org
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support for or attitude towards physical activity in a 5-point Likert
scale were assessed by questionnaire.

Results
Figure 1 provides sample size information and Table 1 baseline
characteristics stratified by allocation arm and participation at
follow-up. Characteristics at follow-up are given in Table 2.
Overall participation in the 3-year follow-up assessments was 289
(58%) children of the original baseline sample. Most dropouts at
follow-up were caused by non-willingness to participate at the
measurements. Participation among groups was not different
among the younger and older age group, but non-participation
was much more common for the older age group irrespective of
group (78% of the intervention group and 66% of the control
group of non-participants were from the older age category).
There were no major differences in baseline characteristics
between participants and non-participants at follow-up except
for z-scores of sum of four skinfolds, BMI and waist circumference
which were lower in participants than in non-participants. The
only significant group 6 participation interaction existed for BMI
z-scores, i.e. with lower values for participants of the intervention
compared to controls. Missing values mainly occurred in blood
and accelerometer parameters, mainly including invalid accelerometer recordings due to too short wearing time. However, there
were no statistically significant differences in any of the primary
outcomes between children with and without blood samples and
between children with and without valid accelerometer data.

Statistical analysis
Children with both, baseline and follow-up data were included
in the analysis and defined as ‘‘participants’’. Baseline comparisons
were done using a multilevel linear or logistic regression model
with school as random effect using participation (1 = participants
vs. 0 = non-participants), group (1 = intervention vs. 0 = control
group) and the interaction participation 6 group as explanatory
variables. Analyses of a selection bias for physical activity measures
were done using multilevel linear regression models adjusting for
sex and grade, comparing children with and without physical
activity data for the other primary outcomes. We also used inverse
probability weighting based on baseline characteristics (i.e., sex,
age, initial fitness, parental education level) and stratifying weight
models by group, to assess the direction in which effect estimates
might have been biased by differential missing of data (including
missing data due to non-participation). For each of the main
outcomes, separate weight models were derived. To facilitate
interpretation, descriptive results are reported on the original scale
according to group and participation status, but all statistical
comparisons were done using age and sex-specific z-scores. We
used multilevel linear models with z-scores at follow-up as
dependent variables, group, gender and grade as fixed factors,
the respective baseline z-score as covariate. As BMI and pubertal
stage are known to influence aerobic fitness, physical activity and
their changes the baseline model was further adjusted by change in
BMI z-score and change in Tanner stage. The original school class
was the smallest cluster in the sampling design and therefore used
as random effect. We did not adjust for multiple comparisons. We
did not add a second cluster adjustment for the new class of the
older age group since the students were spread into a large number
of new classes. We did not include pubertal stage, migrant or
socio-economic status, in the final model since their addition to the
model did not change the results (data not shown). For each
outcome measure, the size of the intervention effect is reported as
difference in its average z-scores at follow-up and Cohen effect
sizes between the intervention and control group after adjustment
for grade, gender, baseline values and clustering within the
original school classes. In secondary analyses, potential interactions of the intervention with gender, grade, or baseline BMI,
divided into two at the median were assessed and subgroup
analyses by gender and grade were performed for the primary
outcomes. In an additional step, we also included the groupspecific participation propensity scores centered at the respective
participation rates to the model in order to adjust for differences in
baseline characteristics. According to our original calculation,
primarily performed for the outcome of the shuttle run test but
equally valid for the other outcomes, a sample size of 360 children
at the three year follow-up was sufficient to detect a true mean
effect size of half a standard deviation with 79% probability for an
intracluster correlation (ICC) within schools of 0.10 and with 90%
probability for an ICC of 0.06. A new power calculation, backed
up by a Monte Carlo simulation, revealed that our original
calculation was too conservative. With 16 intervention and 12
control classes that would each contribute at least 10 children for
the 3-year follow-up (n = 280), we would actually already have had
a power of 80% to detect a true effect size of 0.5 standard
deviations for an ICC of 0.1, and a power of 89% for an ICC of
0.06. The actual ICCs in the follow-up were even lower.
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Primary and secondary outcomes
Long-term results of the primary and secondary outcomes are
presented in Table 3 and Figure 2. Compared to controls, children
in the intervention group showed a significant higher aerobic
fitness in the shuttle run by 0.373 z-score units (95% CI 0.157 to
0.590), equivalent to a shift from the 50th to the 65th percentile.
This effect was found in 1st and 5th graders of both sexes and
corresponded to an average difference of improved running
distance of about 150 m at the highest speed reached during the
test between the two groups. Children of the intervention group
continued to increase their fitness from post-intervention to the
follow-up while controls lost performance after the intervention
had finished. The results were similar, even after adjustment for
changes in BMI z-score and Tanner stage from baseline to followup (Table 4). Children from the intervention showed a trend
towards higher levels of physical activity. Cohen’s d effect sizes
were 0.35 for total physical activity and 0.65 for aerobic fitness,
respectively. Intervention effects on primary outcomes were
comparable in children with and without complete physical
activity data (all interaction terms p.0.4). The remaining primary
and secondary outcome variables were not significantly different
among groups nor among subgroups by gender or grade. This was
also true for the variables that showed beneficial effects in favour
of the intervention at the end of the intervention period, including
sum of four skinfolds, physical activity and the cardiovascular risk
score with one exception. The sum of 4 skinfolds and waist
circumference at follow up were significantly lower in the
intervention compared to the control group in the 5th graders by
12 and 10%, respectively (both p,0.03). The ICCs were #0.1
indicating a low level of clustering within school classes. Secondary
analyses that involved the study of potential effect modifications by
gender, grade, or baseline BMI (being dichotomised at the
median) did not show any significant result. Inverse probability
weighting to adjust for differential missing of data among groups
led to slight increases in beneficial effects while non-significant
associations showed changes in both directions. The inclusion of
the propensity score led to stronger effects for aerobic fitness (bcoef: 0.64 (95%CI: 0.30 to 0.98); p,0.001) and significant
3
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Figure 1. Flow of individual participants through study with outcome measures. Post-intervention results have been published elsewhere
[14].
doi:10.1371/journal.pone.0087929.g001

intervention effects for the sum of four skinfolds (20.42 (20.68 to
20.15); p = 0.002) and waist circumference (20.37 (20.65 to
20.09); p = 0.009). Reported time spent in sports club was
significantly higher in the intervention than the control group
(reported difference: 72 min per week (95% confidence interval:

PLOS ONE | www.plosone.org

10 to 133; p = 0.022)) while leisure-time physical activity, parents’
support for, or attitude towards physical activity did not explain
group differences (all p.0.05).
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5
9 (8%)
3 (15%)

Participants
Non-participants

34 (31%)
10 (50%)

Non-participants

24/0/0

Non-participants
Participants

108/0/0

3 (15%)

Non-participants
Participants

27 (25%)

13 (65%)

Participants

51 (47%)

Non-participants

25.8 (7.6)

Participants

24.4 (3.7)

Non-participants

124.9 (5.1)

Participants

122.5 (5.2)

Non-participants

7 (0.3)

Non-participants
Participants

6.9 (0.3)

Participants

2 (8%)

2 (3%)

15 (63%)

16 (25%)

36/0/0

65/0/0

11 (46%)

9 (14%)

19 (79%)

36 (55%)

24.8 (4.9)

23.6 (4.1)

121 (5.2)

122.8 (5.6)

6.9 (0.4)

6.9 (0.3)

Mean (SD)

Mean (SD)

17 (21%)

2 (2%)

25 (31%)

16 (20%)

36/40/4

44/36/1

20 (25%)

15 (19%)

41 (51%)

48 (59%)

38.5 (8)

37.3 (7)

145.5 (5.6)

144.9 (7.6)

11.1 (0.6)

10.9 (0.5)

8 (12%)

3 (9%)

20 (29%)

5 (14%)

33/21/3

20/12/3

20 (29%)

5 (14%)

27 (39%)

23 (66%)

39.9 (8.7)

37.4 (7.8)

146.7 (7.4)

147.2 (7.5)

11.3 (0.6)

11.1 (0.6)

Mean (SD)

CON (n = 35)

0.2

0.01

0.22

,0.001

0.04

0.02

0.62

0.07

ppart

0.09

0.55

0.98

0.1

0.47

0.39

0.99

0.29

pgroup

0.31

0.13

0.68

0.02

0.22

0.33

0.34

0.63

pgroup 6 part

Baseline differences between participants and nonparticipantsa

a
Main effects of group and participation and potential interactions between the two age-group and gender specific z-scores were assessed using mixed linear or logistic regression models including indicator variables for
participation (part) and group (intervention (INT) vs. controls (CON)), and an interaction term group 6 participation as well as a random effect for original school class.
b
Categorization based on WHO z-scores.
c
Pubertal stages are based on Tanner stages: prepubertal (Tanner 1), early pubertal (Tanner 2 and 3), pubertal (Tanner 4 and 5);
d
both parents from Eastern or Southern European countries, Africa, Asia, Central or South America, or other less developed countries.
doi:10.1371/journal.pone.0087929.t001

No formal parental education (%)

Migrants (%)d

Prepubertal/early-pubertal/pubertalc

Overweight (%)b

Gender, %girls

Weight (kg)

Height (cm)

Age (years)

INT (n = 81)

CON (n = 65)

INT (n = 108)
Mean (SD)

Fifth graders

First graders

Table 1. Baseline characteristics of children according to treatment arm and participation at follow-up. Values are means (SD) unless stated otherwise.
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Table 2. Follow-up characteristics of participating children according to treatment arm. Values are means (SD) unless stated
otherwise.

First graders

Fifth graders

INT (n = 108)

CON (n = 65)

INT (n = 81)

CON (n = 35)

Mean (SD)

Mean (SD)

Mean (SD)

Mean (SD)

Age (years)

10.6 (0.3)

10.6 (0.4)

15.0 (0.5)

15.1 (0.6)

Height (cm)

145.0 (7.0)

144.1 (6.9)

167.6 (9.8)

167.3 (7.9)

Weight (kg)

37.7 (7.6)

35.8 (8.6)

58.4 (9.7)

56.9 (11.1)

Gender, n (%) girls

51 (47%)

36 (55%)

48 (59%)

23 (66%)

Overweight (%)a

32 (31%)

9 (14%)

16 (20%)

7 (20%)

54 (50%)

32 (49%)

1 (1%)

0 (0%)

Pubertal stagesb, n (%)
Prepubertal
Early pubertal

51 (47%

32 (49%)

18 (22%)

9 (26%)

Pubertal

3 (3%)

1 (2%)

62 (77%)

26 (74%)

Migrants, n (%)c

34 (31%)

16 (25%)

16 (20%)

5 (14%)

No formal parental education, n (%)

9 (8%)

2 (3%)

2 (2%)

3 (9%)

a

Categorization based on WHO z-scores.
Pubertal stages are based on Tanner stages: prepubertal (Tanner 1), early pubertal (Tanner 2 and 3), pubertal (Tanner 4 and 5);
c
both parents from Eastern or Southern European countries, Africa, Asia, Central or South America, or other less developed countries.
doi:10.1371/journal.pone.0087929.t002
b

time spent in sports club during the follow-up period was higher in
the intervention group than in controls, while other explanatory
factors such as reported leisure-time physical activity and parental
attitude towards physical activity were not. This study is one of the
few long-term follow-ups of school-based lifestyle interventions to
shed light on sustainability of such programs.[12]
The increase in aerobic fitness in favour of the intervention
group three years after the end of the intervention, equivalent to a
shift from the 50th to the 65th percentile is higher than immediately

Discussion
At the current 3-years follow-up of a school-based physical
activity intervention over nine months in primary school, aerobic
fitness remained significantly higher in favour of the intervention
group. The other initially seen beneficial effects on physical
activity and a composite cardiovascular risk score were not
sustained, except for body fat in the fifth graders that remained
lower in the intervention compared to the control group. Reported

Figure 2. Schematic illustration of the differences for the four primary outcomes between the intervention and the control group at
baseline, after nine months physical activity intervention, and three years after cessation of the intervention. Post-intervention results
derive from previously published results with different sample sizes [14] (for body fat (n = 485 at post-intervention/n = 293 at follow-up); fitness
(n = 472/n = 281); physical activity (n = 303/n = 145); quality of life (n = 427/n = 191)). asignificantly different values in favour of the intervention group
compared to the control group.
doi:10.1371/journal.pone.0087929.g002
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Table 3. Outcome measures of the three year follow-up in children with and without physical activity intervention aimed at
increasing physical activity, fitness and at reducing body fat and a cardiovascular risk score. Values at baseline and follow-up are
unadjusted means (SD).

Outcome
n
Sum of 4 skinfolds (mm)

Aerobic fitness (stages)

b,d

INT

b

TPA (cpm)

QoL – physical

QoL – psychological
BMI (kg/m2)

a

Cardiovascular risk score

c

Waist circumference (cm)

Systolic blood pressure (mmHg)

c

Diastolic blood pressure (mmHg)

Glucose (mmol/l)

b

HDL cholesterol (mmol/l)

Triglycerides (mmol/l)

b,d

b,dd

c

Adjusted group difference at follow-up*

mean (SD)

mean (SD)

Coefficient (95% CI)

Effect size

P value

ICC

dferr

20.076 (20.222 to 0.069)

20.23

0.30

,0.01

288

0.373 (0.157 to 0.590)

0.62

0.001

0.02

276

0.320 (20.012 to 0.651)

0.35

0.06

,0.01

140

0.143 (20.204 to 0.490)

0.16

0.42

0.01

140

0.910 (21.473 to 3.293)

0.02

0.45

0.03

186

1.424 (20.661 to 3.509)

0.03

0.18

,0.01

186

0.010 (20.130 to 0.151)

0.03

0.88

,0.01

291

20.003 (20.208 to 0.201)

20.02

0.98

0.29

193

20.051 (20.195 to 0.092)

20.15

0.48

,0.01

286

0.279 (20.001 to 0.559)

0.57

0.05

0.17

289

0.146 (20.054 to 0.347)

0.45

0.15

0.11

289

20.004 (20.401 to 0.394)

0.00

0.99

0.16

182

0.147 (20.154 to 0.449)

0.24

0.34

0.07

193

0.143 (20.265 to 0.550)

0.19

0.49

0.19

185

191

30.9 (11.4)

42.1 (19.3)

27.8 (10.5)

39.7 (22.3)

INT

181

5.3 (2.3)

6.8 (2.2)

CON 100

5.4 (1.9)

6.2 (2.1)

89

729 (174)

544 (208)

CON 56

796 (164)

569 (201)

INT

89.5 (27.8)

61.5 (28.1)

CON 56

98.9 (28)

66.9 (32.5)

INT

89

54.8 (5.9)

53.8 (7.3)

CON 55

53.4 (7.1)

52.5 (7)

INT

136

53.3 (6.8)

53 (6.8)

CON 55

53.4 (6.3)

51.7 (9.6)

INT

194

16.9 (2.2)

19.1 (2.8)

CON 102

16.1 (2.1)

18.2 (3.3)

INT

b

Follow up

CON 102

INT

MVPA (min/d)

Baseline

136

20.016 (0.466)

0.013 (0.512)

CON 53

145

0.013 (0.544)

20.002 (0.545)

INT

56.8 (6.2)

64.7 (7.3)

189

CON 102

55.3 (5.5)

63.3 (7.9)

INT

193

102.9 (8.9)

110.1 (10.8)

CON 101

101.2 (7.8)

105.3 (9.6)

INT

193

61.1 (7.7)

67 (7.9)

CON 101

60.4 (7.2)

64.4 (7.9)

INT

4.5 (0.4)

4.8 (0.4)

CON 47

140

4.5 (0.5)

4.7 (0.6)

INT

1.6 (0.3)

1.5 (0.3)

CON 53

145

1.6 (0.3)

1.4 (0.4)

INT

0.6 (0.2)

0.8 (0.4)

0.6 (0.3)

0.8 (0.4)

141

CON 49

*Differences in average change and 95% confidence intervals (CI) are the differences between intervention (INT) and controls (CON) after adjustment by mixed-model
regression analysis for grade, gender, baseline value of the outcome and cluster (class). TPA = total physical activity; cpm = counts per minute; MVPA = moderate and
vigorous physical activity, QoL = Quality of Life; BMI = body mass index; HDL = high-density lipoprotein; ICC = intracluster correlation coefficient; dferr = error degrees of
freedom.
Z-Scores are based on aWHO references,
b
internal references,
c
CDC references,
d
ln-transformed.
doi:10.1371/journal.pone.0087929.t003

one considers that an increase of aerobic fitness of 5% in adults
translates into 6–7% lower risk for cardiovascular events and
mortality.[25]
In the participants of our intervention, some behavioural
changes – possibly based on positive experiences by the
intervention - occurred. Time spent in sports club during the
follow-up was higher in the intervention compared to the control
group. Even more importantly, these behavioural changes resulted
also in some health enhancing effects such as increased aerobic
fitness. Part of the maintained effects may also be related to an
increased quality and quantity of the physical education at least in
the younger age group. This younger age group attended the same
school as during the intervention. Of note, 70% of the teachers

after the intervention, where it was equivalent to a shift of 5
percentile units. This is due to both a further increase in aerobic
fitness in the intervention group and a reduction of aerobic fitness
in the control group. Importantly, the differences remained
relevant independent of pubertal stage, BMI and their respective
changes excluding different developments in body composition or
puberty over the study period as confounder. A difference in
150 m of running distance at the highest speed translates into a
difference in VO2max of 5 ml/kg/min or 5%. The decrease in
the control group corresponds well to the internationally reported
decline of youth fitness by 0.43% per year over the last two
decades.[14,24] Such an improved aerobic fitness is clinically
meaningful and from a Public health respect most important, if

PLOS ONE | www.plosone.org
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Table 4. Additional analyses for aerobic fitness when additionally adjusted for change in body mass index or change in pubertal
stage. Values at baseline and follow-up are unadjusted means (SD).

Outcome
Aerobic fitness (stages)

Baseline

Follow up

Adjusted group difference at follow-up*

n

mean (SD)

mean (SD)

Coefficient (95% CI)

Effect size P value ICC

dferr

181

5.3 (2.3)

6.8 (2.2)

0.373 (0.157 to 0.590)

0.62

0.001

0.02

276

0.279 (0.067 to 0.490)

0.51

0.01

0.02

255

0.343 (0.111 to 0.574)

0.59

0.004

0.04

263

adjusted for grade,
gender, and cluster

INT
CON

100

5.4 (1.9)

6.2 (2.1)

+ change in BMI z-score

INT

175

5.4 (2.3)

6.9 (2.2)

CON

86

5.6 (1.9)

6.5 (2.1)

INT

177

5.4 (2.3)

6.9 (2.1)

CON

93

5.5 (1.9)

6.3 (2.1)

+ change in Tanner stage

*Differences in average change and 95% confidence intervals (CI) are the differences between intervention (INT) and controls (CON) after adjustment by mixed-model
regression analysis for grade, gender, baseline value of the outcome and cluster (class). ICC = intracluster correlation coefficient; dferr = error degrees of freedom. Zscores are based on internal references.
doi:10.1371/journal.pone.0087929.t004

KISS, effect sizes for aerobic fitness and physical activity were
relatively large, but its impact is only meaningful if the intervention
also reaches a significant part of the population of children and
their families. An example in this respect is a small efficacy trial
that was performed in a few schools of one province in Canada
documenting beneficial effects of a school-based lifestyle intervention.[39] As response to the results the program was then widely
implemented throughout the province with the help of the
provincial government that mandated 30 minutes of daily physical
activity in schools by law. Indeed, the Swiss government has, in
part based on results of the KISS study established a National
program (Youth and Sport Kids 5–10) that supports schools in
establishing additional physical activity programs in primary
school by educating classroom teachers to ameliorate quality of
physical education teaching and in concert providing financially
support. These political steps are promising although their
effectiveness has to be proven in the future.

and 90% of the children wanted daily physical education to
continue after the intervention had stopped.[14]
Children’s physical activity levels at follow-up were not different
among groups, although there was a trend that pointed towards
higher levels in children from the intervention compared to
controls. This is consistent with a very similar study,[26] but in
contrast to other long-term follow-up studies in which reported
leisure-time physical activity was still increased three to 20 years
after the intervention.[27–30] It is possible that the validity of
these studies which were based on activity assessments by
questionnaires may have been hampered by factors such as social
desirability and reporting or selection bias as these few programs
did not measure or show persistent effects on aerobic fitness.[31,32] The lack of significant physical activity results in
our study might reflect insufficient power due to a considerable
dropout and non-compliance to wear the accelerometer, even in
the children that attended the follow-up assessment. Although our
observed intervention effect on physical activity lacks statistical
significance, its effect size of d = 0.35 would be relevant if it
reflected the truth.
Our intervention had initially resulted in an improved body
composition with less body fat and lower cardiovascular risk scores
that included all components of the metabolic syndrome
immediately after the intervention. Unfortunately, this effect was
only sustained for the sum of four skinfolds at follow-up for the 5th
graders. Only two controlled study in children with a similar
follow-up duration and after a one[26] or six[31,33] year
intervention period had reported persistent beneficial effects on
blood pressure,[26,33] blood lipids[31] and glucose metabolism[26] while the few studies that measured long-term effects
lost their beneficial effects on adiposity or cardiovascular risk
factors.[29,34,35] Although one has to be careful with interpreting
these data because of methodological limitations and high dropout
rates in many of these studies, the maintenance of intervention
programs seem necessary over longer time spans, preferably over
the whole school period, to have sustained global health effects.
Process evaluation models like the RE-AIM (Reach, Efficacy,
Adoption, Implementation and Maintenance of an intervention)[36] that describe the overall health impact of an intervention
should always be considered as statistical probabilities or effect
sizes on their own do not fully define the real public health impact
of an intervention. This important procedure is now taken up by
some leading groups in the field,[37,38] although we were not able
to perform it due to financial constraints. In our example with
PLOS ONE | www.plosone.org

Limitations and strengths
Similarly to every long-term follow-up of school-based intervention studies published so far, the most important limitation of
the current study is the considerable dropout rate. It has to be
acknowledged that more obese children and those with a migrant
background dropped out although other participants’ and nonparticipants’ baseline characteristics did not systematically differ.
Nevertheless, we cannot rule out the presence of some selection
bias. We tried to account for this possible bias by adding a
propensity score to our model (to adjust for differential participation) showing that our results remained the same despite
adjustment for participation differences. This is especially true
for BMI z-scores, for which we had a participation bias in favour
of initially leaner children being more prevalent in the intervention
than in the control group. Yet, there were no group differences for
participation in the other more precise obesity variables such as
waist circumference and the sum of the four skin folds and the
intervention effects on aerobic fitness remained significant even
after adjusting for BMI z-scores (Table 4), and the results did not
change with the inclusion of propensity scores for participation. In
terms of level of dropout, our study is comparable to other studies
of similar length of follow-up,[26,35] but persistent participation
was still much higher than in long-term follow-ups of extended
time windows.[30,31] We did everything to maximize participation: careful update of addresses, offering of multiple test dates,
testing during official school time to motivate children, multiple
8
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attempts of motivational inputs given by teachers and the KISS
staff, and gift vouchers of choice (books, clothes, sport gear, music,
jewellery) were provided. Still, these consistently high dropout
rates have to be considered when interpreting the results and in
future power analyses especially when adolescents with their
‘‘unpredictable attitudes’’ are involved. This may indeed be one or
even the major reason explaining the lack of long-term follow-up
studies. There is substantial debate whether one should adjust for
multiple comparisons in our study. As an intervention like a
physical activity program is intended to have simultaneous effects
on different health outcomes (like body composition, physical
activity, fitness and quality of life) and most of these outcomes are
to some extent related. The four primary endpoints mentioned in
the protocol represent parallel research questions and not different
facets of a global hypothesis. Thus, we have not considered one
isolated highly significant intervention effect as proof of success of
our intervention, but originally expected a promising public health
intervention to have beneficial and relevant effects in most, if not
all dimensions. All differences in the main outcome measures were
in favour of the intervention group, but only the observed effect on
aerobic fitness reached statistical significance. Thus, despite the
strong result for aerobic fitnessour expectations were not fully met,
possibly due also to a lack of statistical power.

by a multi-component physical activity intervention in school over
an academic year, sustained benefits after three years were clearly
seen only for aerobic fitness. Although this is highly relevant from
a Public Health perspective, longer term interventions throughout
the school years are needed to attain persistent beneficial health
effects in different relevant dimensions other than fitness.
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