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Abstract

Background

School-based health-promoting interventions are increasingly seen as an effective popula-
tion strategy to improve health and prevent obesity. Evidence on the long-term effectiveness
of school-based interventions is scarce. This study investigates the four-year effectiveness
of the school-based Healthy Primary School of the Future (HPSF) intervention on children’s
body mass index z-score (BMIz), and on the secondary outcomes waist circumference
(WC), dietary and physical activity (PA) behaviours.

Methods and findings

This study has a quasi-experimental design with four intervention schools, i.e., two full
HPSFs (focus: diet and PA), two partial HPSFs (focus: PA), and four control schools. Pri-
mary school children (aged 4-12 years) attending the eight participating schools were
invited to enrol in the study between 2015 and 2019. Annual measurements consisted of
children’s anthropometry (weight, height and waist circumference), dietary behaviours
(child- and parent-reported questionnaires) and PA levels (accelerometers). Between 2015
and 2019, 2236 children enrolled. The average exposure to the school condition was 2-66
(SD 1-33) years, and 900 participants were exposed for the full four years (40-3%). After
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four years of intervention, both full (estimated intervention effect (B =-0-17 (95%CI -0-27 to
-0-08) p = 0-000) and partial HPSF (B =-0-16 (95%CI-0-25 to -0-06) p = 0-001) resulted in
significant changes in children’s BMIz compared to control schools. Likewise, WC changed
in favour of both full and partial HPSFs. In full HPSFs, almost all dietary behaviours changed
significantly in the short term. In the long term, only consumption of water and dairy
remained significant compared to control schools. In both partial and full HPSFs, changes in
PA behaviours were mostly absent.

Interpretation

This school-based health-promoting intervention is effective in bringing unfavourable
changes in body composition to a halt in both the short and long term. It provides policy mak-
ers with robust evidence to sustainably implement these interventions in school-based
routine.

Introduction

The ongoing rise in childhood obesity levels implies that not intervening will lead to a growth
of the obesity epidemic [1]. From a societal perspective, health promotion efforts targeting
young children can be highly effective, as healthy habits learned at a young age often track into
adult life and thereby have the potential to induce life-long effects on chronical conditions,
health care costs and societal participation [2-4]. Targeting children via schools is increasingly
seen as an effective population strategy to improve health, which resulted in the Health Pro-
moting School approach developed by the World Health Organisation (WHO). Schools are an
ideal environment for public health initiatives, as schools enable multiple aspects of health pro-
motion to be modified, while reaching children from a variety of socioeconomic and ethnic
backgrounds. Current evidence suggests that school-based interventions show small favour-
able effects in terms of body mass index (BMI), and dietary and physical activity (PA) behav-
iours [5-9]. In most studies, effects on body composition are measured using BMI [5]. BMI
alone might not correctly reflect effects of PA interventions, as PA could increase lean body
mass without changing BMI [6]. Therefore, there is a need for studies including both indirect
(e.g. BMI) and more direct outcome measures of adiposity (e.g. waist circumference (WC)).
School-based interventions can only be of societal and clinical relevance if intervention
effects are implemented sustainably and maintained for a prolonged time [10]. Yet, prolonged
(>24 months) studies with sufficient power are scarce (S1 Appendix). Although no consensus
exists, the most promising interventions often adopt a whole-school approach to health with
combined intervention components (e.g. PA and diet) and high parental involvement [7, 8,
11]. Embracing the current evidence on school-based intervention programmes, the Healthy
Primary School of the Future (HPSF) was developed in the Netherlands in 2015. The design of
the study allows investigation of the effects of long-term exposure (four years) to the HPSF
intervention, which is split into a full and a partial version. The full HPSF focusses on diet and
PA and the partial HPSF focusses only on PA. All activities are supervised by professional staff
during prolonged schooltime [12]. In the short-term evaluation (one and two years), it was
shown that both full and partial HPSFs led to several significant improvements in children [13,
14]. The greatest effects were found in children’s water consumption at school and their lunch
intake, while smaller effects were observed in children’s PA behaviours and their overall
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dietary behaviours. After one and two years, a small favourable effect on children’s body mass
index z-score (BMIz) was found. In the current paper, we present the effects of long-term (i.e.
four years) exposure to the HPSF. The following research question was formulated: what is the
effectiveness of long-term exposure to HPSF on children’s BMIz, waist circumference (WC)
and their dietary and PA behaviours, compared to children of control schools?

We hypothesise that improvements in dietary and PA behaviours will be visible after one
year of exposure, and remain sustained. We hypothesise increasing intervention effects on
BMIz and WC with increasing intervention exposure.

Methods

Previous studies reported in detail on the study design and power calculation [12], process
evaluation [15], non-response and external validity [16], two-year effectiveness [13, 14], and
cost-effectiveness [17].

Study design

The current study has a longitudinal quasi-experimental study design with a dynamic open
cohort, in which children of two full HPSF schools and two partial HPSF schools were com-
pared with four control schools for four years (Fig 1). All enrolled pupils (aged 4-13 years)
were invited to engage in the study between 2015 and 2019, including pupils who had just
entered school at four years old, or any moment later in their school career. Children were
excluded after they had left school. The amount of time children were exposed to HPSF varies
from 0-4 years and is expressed by the variable exposure (EO to E4). The baseline exposure
(EO0) is defined by the first moment children were exposed to the school environment starting
from September 2015, which is not necessarily equal to the first measurement children
attended.

The need for Medical Ethical approval has been waived by the Zuyderland Medical Ethics
Committee in Heerlen (METCZ:14N-142). Children were allowed to participate in the mea-
surements if their parents or guardians signed an informed consent. Measurements were con-
ducted annually from 2015 until 2019 in the autumn period. HPSF intervention started in
November 2015 after completion of the first measurement (T0). All children in the interven-
tion schools were exposed to the interventions, regardless of their enrolment in the scientific
study. The four control schools maintained their regular school curriculum and school hours
throughout the study period. During lunchtime, children in control schools consumed their
lunch brought from home and engaged in free play supervised by volunteers, as is common in
Dutch schools.

Study population

The participating schools are situated in the Parkstad region in the southern part of the Neth-
erlands. Compared to other areas in the Netherlands, Parkstad is a moderate-to-low socioeco-
nomic area characterised by a high prevalence of chronic diseases including obesity, and a
lower life expectancy than the Dutch average [18]. Schools were recruited based on voluntary
participation, and the possibility of including a minimal n = 100 children per school to meet
the power calculation [12]. Children and their parents were recruited using information bro-
chures and classroom visits. If participants switched to other schools during the intervention
period, only data of the original school were used. Control schools maintained the school cur-
riculum that is currently common practice in the Netherlands.
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Assessed for eligibility:

T0 2015 (n=2326)

T1 2016 (n=2454)

T2 2017 (n=2384)

T3 2018 (n=2391)

T4 2019 (n=2374)

y

Excluded

Declined to participate:
T0 2015 (n=923)

T1 2016 (n=965)
T2 2017 (n=914)
T3 2018 (n=1016)
T4 2019 (n=970)

Annual participation

T0 2015
(n=1403)
New included (n=1403)

T12016

(n=1489)
New included (n=294)
Drop out (n=208)A

T2 2017
(n=1470)

New included (n=275),
Drop out (n=294)A

T3 2018
(n=1375)

New included (n=211)
Drop out (n=306) A

T4 2019
(n=1404)

New included (n=154)
Drop out (n=125) A

A 4

Participation expressed in exposure (in years)*

EO (n=2349)
E1 (n=2157)
E2 (n=1807)
E3 (n=1392)
E4 (n=900)

A4

\4

A\ 4

2 full HPSF schools (n=749)
o Received intervention (n=749)
o Discontinued intervention (n=0)

2 partial HPSF schools (n=672)
o Received intervention (n=672)
o Discontinued intervention (n=0)

4 control schools (n=928)

A 4

A 4

Analysed (n=711)"
Excluded from analysis (n=38)

o Switched to other included
school during trial, but no
baseline data was collected
(n=2)

o Exposure unknown (n=1)°

o No data collected on primary
or secondary outcome (n=35)#*

Analysed (n=645)"

Excluded from analysis (n=27)

o Switched to other included
school during trial, but no
baseline data was collected
(n=1)

o Exposure unknown (n=1)°

o No data collected on primary
or secondary outcome (n=25)#

Analysed (n=880)"

Excluded from analysis (n=48)

o Exposure unknown (n=1)°

o No data collected on primary or
secondary outcome (n=47)*

Total included in analysis (n=2236)

Fig 1. Trial profile. Abbreviations: HPSF, Healthy Primary School of the Future. A Reasons for drop out over the four years include
graduation (n = 637), or other (n = 296) including migration, actively stopping participation or switching to other included schools. *
Exposure was defined by the time (in years) children are exposed to the allocated school condition, from 2015 onwards in full years.
Participants with 0 years exposure enrolled in the intervention/control condition during: T0 (n = 1699), T1 (n = 233), T2 (n = 200), T3
(n=91), and T4 (n = 25). Participants with 1 year exposure enrolled in the intervention/control condition during TO (n = 1553), T1

(n =309), T2 (n = 200), and T3 (n = 90). Participants with 2 years exposure enrolled in the intervention/control condition during T0
(n=1320), T1 (n = 287) and T2 (n = 196). Participants with 3 years exposure enrolled in the intervention/control condition during T0
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(n=1120) and T1 (n = 269). Participants with 4 years exposure enrolled in the intervention/control condition during TO (n = 900). The
children which were excluded for analyses were not included in these numbers (n = 101 with E0, n = 5 with E1, n = 4 with E2, n = 3 with
El, and n = 0 with E4). + All participants were included in the analyses. Due to the dynamic cohort design, not all students were exposed
for four years. In full HPSFs, n = 510 (68-1%) students were not exposed for four years; 257 (50-4%) graduated before four years
exposure, 198 (38:8%) enrolled at the school later than 2015, 39 (7-6%) migrated, 8 (1-6%) switched to other included schools and 8
(1-6%) actively stopped participation. In partial HPSFs, n = 380 (56-5%) students were not exposed for four years; 212 (55-8%)
graduated, 118 (31:1%) enrolled at the school later than 2015, 29 (7-6%) migrated, 4 (1-1%) switched to other included schools, 17 (4-5%)
actively stopped participation. In control schools n = 556 (59-9%) students were not exposed for four years; 320 (57-6%) graduated, 141
(25-4%) enrolled at the school later than 2015, 64 (11-5%) migrated, 3 (0-5%) switched to other included schools and 28 (5-0%) actively
stopped participation. Exposure was unknown for 3 children who actively stopped participation, as schools were not able to provide us
with information on school starting date due to GDPR regulations. * Reasons why no data was collected included: no data collection in
children of group 1 in line with study protocol (S2 Appendix), no data collection in selected group during T3 in line with study protocol
(S2 Appendix), school absence of child during measurements, incomplete parent questionnaire.

https://doi.org/10.1371/journal.pone.0272291.9001

The Healthy Primary School of the Future (HPSF)

Interventions were implemented for four years by school staff and pedagogical employees fol-
lowing a systematic health promotion approach based on the PRECEDE-PROCEED model
and the Intervention Mapping protocol, and sustainably integrated into the whole school sys-
tem based on the socioecological approach to health promotion of the WHO (Table 1).
Changes were contextualised bottom-up, resulting in tailored intervention programmes,
which remained largely unchanged over the four years.

Data collection and outcomes

Data was gathered annually in schools during one week of measurements between 2015 and
2019 by non-blinded trained researchers, including anthropometry, accelerometry, question-
naires for children (on paper) and parents (digitally) [12]. The primary outcome BMIz was
derived using Dutch reference values [19] Secondary outcomes included waist circumference,
PA behaviours and dietary behaviours. In S2 Appendix, data collection methods and outcomes
are described in detail.

Data analysis

Initial descriptive statistics and frequencies were generated to summarise the data using IBM
SPSS statistics for Windows (V.25.0; Armonk, NY, USA). Chi-square, ANOVA and Welch
tests with post-hoc tests were performed to analyse baseline differences between the three con-
ditions. All analyses are based on an intention-to-treat principle; participants are included if

Table 1. Interventions in the Healthy Primary School of the Future (HPSF).

Top-down initiated changes

Bottom-up initiated health-
promoting interventions”

2 Full HPSF 2 Partial HPSF 2 Control schools
Free healthy mid-morning snack and lunch - -
Structured PA sessions during lunch break* Structured PA sessions during lunch break* -
Prolonged lunch break of 45-75 minutes Prolonged lunch break in one school of 15 -
minutes
Schools were motivated to implement Schools were motivated to implement Schools received no additional
interventions by trained regional youth health- | interventions by trained regional youth health- | support to implement
promoting employees promoting employees interventions

* PA sessions were organized both in- and outdoors and alternated with cultural activities or free play for a maximum of two times per week.

# Bottom-up interventions included, amongst other things, health education lessons, free water bottle distribution, vegetable gardens, policy regarding food, beverages,

birthday treats and festivities, active school transportation, EU-funded fruit and vegetables scheme, energizer breaks, additional physical education or swimming

lessons, additional interventions for overweight and obese children.

https://doi.org/10.1371/journal.pone.0272291.t001
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they completed at least one annual measurement round. Two-level linear mixed-model analy-
ses were used to analyse continuous outcome measures, General Estimating Equations (GEE)
were used for the binary outcome variable (lunch intake). Repeated measurements were
included as first level and participants as second level. The best fitting covariance structure was
determined for each analysis, based on the lowest Bayesian Information Criterion (BIC) value.
Condition (full HPSF, partial HPSF, and control), exposure (categorical, ranging from E0-E4)
and the interaction term condition*exposure were included as fixed factors. The following
covariates were included: sex, age in years (at E0), socioeconomic status (in tertiles), ethnicity
(Western/non-Western), BMIz (at EO; only for the behavioural outcomes), and weather vari-
ables for the analyses regarding children’s PA behaviours (sun in hours, precipitation in mm,
and mean temperature in degrees Celsius). In all analyses adjustments were made for baseline
values of the outcome variable. Missing covariates were imputed using multiple imputation
techniques with fully conditional specification and 10 iterations, generating 50 complete data-
sets. Missing outcome variables were handled using a likelihood-based approach, as is com-
mon in mixed-model analyses [20]. Analyses with dietary variables as outcome measures were
only performed for full HPSFs.

Following our initial hypothesis, the outcome measures BMIz and WC are presented as
trend analyses. A linear trend of exposure was assessed by considering exposure as a numerical
variable, after which pooled estimates were calculated over a four-year trend rather than sepa-
rate annual effects. Linearity assumption was checked by adding and testing a quadratic expo-
sure term and its interaction with condition in addition to visually checking the trend using
the annual effects.

For the primary outcome BMIz, results were stratified by sex, and two sensitivity checks
were performed: a ‘closed-cohort analysis’ with only children with four years exposure
included, and an analysis with BMI in kg/m? as outcome measure.

For all tests, a p-value <0-05 was considered statistically significant. Standardised effect
sizes (ES) were determined for continuous outcome variables, computed as the pooled esti-
mated mean difference divided by the square root of the pooled residual variance at baseline.
Categorical outcomes resulted in odds ratios (OR).

This trial was registered at Clinicaltrials.gov (NCT02800616) in June 2016.

Results

2236 children were included in the current study. Due to the dynamic cohort design, not all
children were exposed to the school condition for the full four years. The average exposure
was 2:66 (SD 1-33) years. N = 2157 children were exposed for minimally one year (96-5%), and
900 participants for the full four years (40-3%) (Fig 1). The majority (n = 1699, 76-0%) of the
children were first exposed (EO0) at the start in 2015 (T0). Out of all students enrolled, annual
study participation ranged from 57-7-61-7%, with relatively more children participating in
intervention schools than in control schools. At baseline, children in control schools showed
less favourable dietary and PA behaviours, were more often overweight and obese, and had a
lower socioeconomic status compared with the full and partial HPSFs (Table 2). The average
annual response rate for the different measurement instruments varied between 46-2% and
95-0% (child questionnaire 95-0%, lunch questionnaire 92-1%, anthropometrics 92-6%, accel-
erometry 60-8%, parental questionnaire 46-2%).

Primary outcome: Children’s BMIz (Table 3, Fig 2, S3, S4 Appendices)

BMIz in both full and partial HPSFs remained unchanged over time, whereas BMIz of children
in the control schools increased significantly over time, as shown in Fig 2. Compared to
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Table 2. Characteristics of the participants at baseline (E0).

Total (n = 2236) Full HPSF (n =711) Partial HPSF (n = 645) | Control (n = 880)
N %/ mean (SD) N %/ mean (SD) N %/ mean (SD) N %/ mean (SD)
Sex (% boys) 2236 47-9 711 48-4 645 48-7 880 46-8
Age (years) 2236 7-19 (2-48) 711 7-24 (2-47) 645 7-08 (2-53) 880 7-22 (2-46)
Ethnicity (% Western) 1438 932 477 929 452 94-9 509 919
Socioeconomic status (%) 1431 460 466 505
Lowest tertile 333 27-6 313 40-2
Middle tertile 33.2 33.5 35-8 30-5
Highest tertile 33.5 38-9 32-8 29-3
BMIz 1302 0-13 (1-02) 431 0-04 (0-99) 380 0-12 (0-97) 491 0-21 (1-07)
Overweight/obese (%) 1302 19-5 70 16-2 72 189 112 22-8
WCin cm 1303 60-38 (8:54) 431 59-83 (8-10) 380 60-01 (8-11) 492 61-15(9:17)
Light PA (%) 987 31-52 (5-58) 340 31-71 (5-62) 302 31-88 (5:65) 345 31-02 (5-46)
MVPA (%) 987 7-64 (2-67) 340 8-19 (2:77) 302 7-23 (2-55) 345 7-47 (2-58)
Sedentary behaviour (%) 987 60-84 (7-03) 340 60-11 (7-17) 302 60-89 (7-04) 345 61-51 (6-82)
Healthy dietary behaviours (mean days/week)1 977 5-13 (1-08) 340 5-25(1-10) 331 5-19 (1-01) 306 4-93 (1-10)
Unhealthy dietary behaviours (mean days/we(:k)2 971 1-11 (0-68) 338 1-09 (0-69) 329 1-04 (0-61) 304 1-21 (0-73)
School water consumption (0-3)* 908 1-29 (1-14) 307 1-52 (1-78) 244 1-38 (1-22) 357 1-04 (1-00)
Fruit at lunch (% yes) 1048 381 345 455 304 38:5 399 313
Vegetables at lunch (% yes)" 1050 252 347 326 303 25-1 400 19-0
Grains at lunch (% yes)4 1055 87-0 348 92-5 305 885 402 81-1
Dairy at lunch (% yes)5 1043 40-8 342 47-4 302 397 399 36-1
Water at lunch (% yes) 1043 34.0 343 37:3 302 41-1 398 259
Butter at lunch (% yes) 1055 48-2 347 48-1 307 54-4 401 43-6
Minimum of two healthy food groups at lunch (% yes)® 1063 819 353 84.7 307 84.7 403 77-4

! Healthy dietary behaviours is a composite score for frequency of consumption of breakfast, fruits, vegetables, and water.

% Unhealthy dietary behaviours is a composite score for frequency of consumption of soft drinks, sport drinks, energy drinks, chocolate, salted snacks, cookies, and soft
ice cream.

3 School water consumption ranges from never (0) to daily (3).

* Grains consists of the items: bread and cereals.

® Dairy consists of the items: milk/yoghurt and cheese.

® Items in the healthy food groups include: fruits, vegetables, grains, dairy, water and butter.

Abbreviations: HPSF, Healthy Primary School of the Future; SD, standard deviation; BMI, body mass index; MVPA, moderate to vigorous physical activity; PA, physical
activity; WC, waist circumference.

https://doi.org/10.1371/journal.pone.0272291.t1002

control schools, the negative trend for full HPSFs (E1: B = -0-04 (95%CI-0-07 to -0-02); E4: B =
-0-17 (95%CI-0-27 to -0-08), p<0-000) and partial HPSFs (E1: B = -0-04 (95%CI-0-06 to -0-02);
E4: B =-0-16 (95%CI-0-25 to -0-06), p = 0-001) on BMIz was significant from E1 to E4. This
resulted at E4 in effect sizes of respectively -0-17 for full HPSF and -0-16 for partial HPSFs. The
majority of children maintained their weight category after one (89-0%) and four years expo-
sure (76-4%). The number of children developing underweight, or overweight/obesity did not
differ significantly between the three conditions at either E1 (p = 0-61) or E4 (p = 0-65) (S3
Appendix).

Stratification revealed that the trend in full HPSFs was only statistically significant for boys
(ES at E4 = -0.24, p = 0.004), whilst in partial HPSFs the trend was only statistically significant
for girls (ES at E4 = -0-20, p = 0-002) (S4 Appendix). The sensitivity analysis in which only chil-
dren were included with four year exposure, resulted in comparable ESs in full (ES = -0-17, B =
-0-16 (95%CI -0-27 to -0-06) p = 0-002) and partial HPSFs (ES = -0-13, B = -0-12 (95%CI -0-22
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Table 3. Estimated intervention trends on body composition and estimated intervention effects on PA behaviours and dietary behaviours.

Full HPSF vs control Partial HPSF vs control
B (95% CI) P ES B (95% CI) p ES
BMIz (n =2091) E1 -0-043 (-0-067 to -0-019) 0-000 -0-04 -0-039 (-0-063 to -0-016) 0-001 -0-04
E2 -0-086 (-0-134 to -0-039) 0-000 -0-09 -0-079 (0-126 to -0-031) 0-001 -0-08
E3 -0-129 (-0-201 to -0-058) 0-000 -0-13 -0-118 (-0-189 to -0-047) 0-001 -0-12
E4 -0-173 (-0-267 to -0-078) 0-000 -0-17 -0-157 (-0-252 to -0-063) 0-001 -0-16
WC (n =2094) E1 -0-364 (-0-582 to -0-146) 0-001 -0-06 -0-390 (-0-606 to -0-173) 0-000 -0-06
E2 -0-728 (-1-164 to -0-292) 0-001 -0-11 -0-779 (-1-212 to -0-347) 0-000 -0-12
E3 -1-092 (-1-746 to -0-438) 0-001 -0-17 -1-169 (-1-818 to -0-520) 0-000 -0-18
E4 -1-456 (-2-328 to -0-584) 0-001 -0-22 -1-559 (-2-424 to -0-693) 0-000 -0-24
Sedentary behaviour (n = 1725) E1l -0-475 (-1-477 to 0-527) 0-35 -0-08 0-206 (-0-808 to 1-219) 0-69 0-04
E4 0-606 (-0-750 to 1-962) 0-38 0-11 1-422 (0-156 to 2-687) 0-028 0-25
LPA (n=1725) E1l 0-260 (-0-533 to 1-052) 0-52 0-06 -0-197 (-0-998 to 0-605) 0-63 -0-05
E4 -0-620 (-1-657 to 0-417) 0-24 -0-14 -1-124 (-2-090 to -0-157) 0-023 -0-26
MVPA (n =1725) E1l 0-212 (-0-203 to 0-628) 0-32 0-09 0-007 (-0-415 to 0-429) 0-97 0-00
E4 0-004 (-0-554 to 0-563) 0-99 0-00 -0-270 (-0-793 to 0-252) 0-31 -0-11
School water consumption (n = 1840) E1l 0-795 (0-609 to 0-981) 0-000 0-68
E4 0-540 (0-334 to 0-747) 0-000 0-46
Healthy dietary behaviour (n = 1527) E1 0-177 (0-032 to 0-323) 0-017 0-18
E4 -0-051 (-0-261 to 0-159) 0-63 -0-05
Unbhealthy dietary behaviour (n = 1516) El -0-116 (-0-229 to -0-003) 0-044 -0-18
E4 -0-049 (-0-215 to 0-116) 0-56 -0-07

Bold p-value = significant (<0-05) difference between conditions.
Abbreviations: B, Beta; BMI, body mass index; CI, confidence interval; ES, effect size; HPSF, Healthy Primary School of the Future; LPA, light physical activity; MVPA,

moderate to vigorous physical activity, PA, physical activity, WC, waist circumference.

https://doi.org/10.1371/journal.pone.0272291.t1003
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to -0-02) p = 0-016). The analyses with BMI in kg/m” resulted in a comparable trend, but effect
sizes were greater at E4 with -0-28 for full HPSFs (B = -0-61 (95%CI-0-88 to -0-34), p<<0-000)
and -0-25 for partial HPSFs compared to control schools (B = -0-54 (95%CI-0-81 to -0-27),
p<0-000).

Secondary outcomes (Tables 3 and 4, Figs 3 and 4, S5 Appendix)

Waist circumference (Table 3)

The WC of children in all conditions increased over four-year exposure. Compared to control
schools, the increase in WC in full HPSFs was significantly less steep, resulting at E4 in a
decrease of WC of 1.46 cm (ES -0-22 (p = 0-001)) and in partial HPSFs in a decrease of 1.56 cm
(ES -0-24 (p = 0-000)) compared to control schools.

PA behaviours (Table 3, Fig 3)

All children, regardless of interventions, increased sedentary behaviours, and decreased low
PA (LPA) and moderate-vigorous PA (MVPA) behaviours during the study. Changes in PA
behaviours (sedentary behaviour, LPA and MVPA) were not significantly different between
full HPSFs and control schools at E1 (sedentary ES = -0-08, LPA ES = 0-06, MVPA ES = 0-09)
and E4 (sedentary ES = 0-11, LPA ES = -0-14, MVPA ES = 0-00). In partial HPSFs, PA behav-
iours were not significantly different from control schools at E1 (sedentary ES = 0-04, LPA ES
=-0-05, MVPA ES = 0-00), whereas at E4 significantly higher levels of sedentary behaviour
(ES = 0-25, p = 0-028) and lower levels of LPA (ES = -0-26, p = 0-023) were detected as com-
pared to control schools.

Dietary behaviours (Tables 3 and 4, Figs 3 and 4)

In full HPSFs at E1, healthy behaviours increased (ES = 0-18), unhealthy behaviours decreased
(ES =-0-18), school water consumption increased (ES = 0-68), and the intake of the majority

Table 4. Estimated intervention effects at E1 and E4 on lunch intake.

Full HPSF vs control
OR (95% CI) p
Fruit (% yes) (n = 2032) El 1-740 (1-191 to 2-541) 0-004
E4 0-432 (0-267 to 0-698) 0-001
Vegetables (% yes) (n = 2034) E1l 2-575 (1707 to 3-888) 0-000
E4 1-605 (0-970 to 2-656) 0-065
Grains (% yes) (n = 2033) El 0-535 (0-291 to 0-983) 0-044
E4 0-921 (0-433 to 1-962) 0-832
Dairy (% yes) (n =2033) El 3-040 (2-074 to 4-461) 0-000
E4 1-647 (1-031 to 2-632) 0-037
Water (% yes) (n = 2031) El 1-029 (0-705 to 1-503) 0-882
E4 1-132 (0-715 to 1-790) 0-597
Butter (% yes) (n = 2027) El 0-250 (0-174 to 0-359) 0-000

E4 0-283 (0-176 to 0-454) 0-000
Minimum two healthy food groups at lunch (% yes) (n = 2037) E1 3-037 (1-644 to 5-611) 0-000
E4 1-289 (0-654 to 2-543) 0-463

Bold p-value = significant (<0-05) difference between conditions.
Abbreviations: CI, confidence interval; OR, odds ratio; HPSF, Healthy Primary School of the Future.

https://doi.org/10.1371/journal.pone.0272291.t1004
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https://doi.org/10.1371/journal.pone.0272291.9003

of healthy lunch components increased compared to control schools (vegetable (OR = 2-58),
fruit (OR = 1.74), dairy (OR = 3-04), intake of a minimum of two healthy food groups

(OR = 3-04)). Butter consumption (OR = 0-25) and grain intake during lunch (OR = 0-54)
decreased significantly. At E4, most of the short-term intervention effects in full HPSFs were
no longer significant (healthy behaviours ES = -0-05; unhealthy behaviours ES = -0-07). The
intervention effects on school water consumption (ES = 0-46) and dairy intake remained
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significant (OR = 1-64). A significant decrease was seen in fruit intake during lunch (fruit
OR = 0-43) between E1 and E4.

Annual estimated intervention effects on PA and dietary behaviours variables are given in
S5 Appendix.

Discussion

In the current quasi-experimental trial, we studied the effects of the HPSF school-based
health-promoting interventions on BMIz, WC, PA, and dietary behaviours. Both full and par-
tial HPSFs resulted in favourable changes on BMIz and WC, whereby longer intervention
exposure resulted in higher effect sizes.

The results are in line with our initial hypothesis, which described increasing intervention
effects on BMIz and WC with increasing intervention exposure. The HPSF intervention
mostly resulted in the preservation of children’s body composition, and did not lead to major
changes in weight status. By contrast, in control schools, a continuous worsening of BMIz and
WC is visible. Although the effect sizes after four years on body composition are considered
small [21], they are slightly higher than reported in existing literature [7, 8, 22, 23]. The num-
ber of studies measuring longitudinal effects on both BMIz and WC in a large group of chil-
dren is very limited. Although there is no academic consensus on the minimal relevant
difference of BMIz, previous studies showed that changes in BMIz as small as 0.1 in children
might already have beneficial public health consequences, as achieved in the current study [24,
25]. What strengthens the validity of our findings are the simultaneous improvements in both
BMIz and WC. WC is known to have a stronger association with cardiometabolic health in
children than BMI, as improvements in WC indicate a decrease in fat mass [26]. The ongoing
negative trend in control schools implies that not intervening will lead to a growth of the obe-
sity epidemic, with lifelong complications for children’s health and wellbeing.

In full HPSFs, the majority of dietary behaviours improved after one year, but did not fur-
ther improve or even relapsed slightly after four years. By far the highest effect sizes were
found on school water consumption. Water consumption was, together with dairy consump-
tion, the only dietary behaviour which remained improved compared to control schools in the
long term. The impact of this long-term change in dietary pattern might be of high societal rel-
evance, as the consumption of sugar-sweetened beverages is linked to excessive weight gain
[27]. It is noteworthy that some dietary behaviours were maintained in full HPSFs, yet were no
longer significantly different from control schools due to a change of dietary behaviours in
control schools. This could possibly be attributed to the participation of three control schools
with the European School Fruit and Vegetables Scheme starting between E3 and E4. In con-
trast to dietary behaviours, PA behaviours remained unchanged over time in both full and par-
tial HPSFs compared to control schools, with some unfavourable changes in partial HPSFs
after four years. Possibly, the PA interventions in partial control schools did not intrinsically
motivate children sufficiently to engage in PA. In addition, it is possible that children compen-
sated PA behaviours at school with more sedentary behaviours at home. PA behaviours deteri-
orated over time in all school types, as is common from a life course perspective in a study
population reaching puberty [28]. The lack of long-term effectiveness on dietary and PA
behaviours is not at all surprising, as there is a limit to the number of behaviours a child can
and wants to adapt. In addition, the intervention was not designed to achieve a continuous
improvement in dietary and PA behaviours.

It is striking that the long-term favourable intervention effects on dietary and PA behav-
iours are mostly absent, whilst favourable intervention effects on BMI and WC increase over
time compared to the control situation. From a homeostatic perspective, it is unlikely that
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longitudinal changes in BMI occurred without longitudinal changes in dietary and PA behav-
iours. It can be questioned whether our lifestyle measurement instruments were sensitive
enough to measure the often subtle changes in the co-existence and interaction of several die-
tary and PA behaviours which lead to longitudinal changes in energy balance.

Our study emphasises the importance of longitudinal study designs in school health-pro-
moting interventions. In general, it is assumed that longer interventions allow for repeated
exposure and provide more opportunity for changing social norms, i.e. water and dairy con-
sumption instead of sugar-sweetened beverages, and consequently higher effectiveness [29].
However, this is not uniformly confirmed in literature, partly because the number of school-
based interventions studies with a longitudinal duration and sufficient power is very limited
(S1 Appendix) [22]. Future research is necessary to study the course of prolonged (>four
years) exposure of school-based interventions on BMI and healthy behaviours, as this informa-
tion further strengthens evidence for public policy makers to sustainably implement health-
promoting interventions in the school context.

Decisions on implementation of school-based health promoting interventions should be
based on the interplay between longitudinal societal benefits and revenues, including health
behaviours, costs, public support, food waste, educational achievements, and well-being of stu-
dents [30]. Several of these multi-domain benefits have been studied for HPSF [12]. In both
partial and full HPSFs, fewer conflicts were reported at school, whereby it was only in full
HPSFs that teachers observed an increase in social behaviour [31]. Caregivers and children are
generally satisfied with both partial and full HPSFs [30]. The short-term societal benefits have
not yet achieved sufficient financial returns in order to compensate the costs. Depending on
the value that stakeholders attach to non-financial benefits, a full HPSF can, however, be a
cost-effective investment [30]. Long-term modelling of HPSF effects on BMIz into adulthood
showed that an HPSF is a cost-effective and equitable strategy for combatting the lifetime bur-
den of unhealthy lifestyles, given that the improvements in BMIz will be maintained over time
[17]. Although full HPSF is considered by most schools as an invasive intervention which
requires high investments, there seems to be public support to implement full HPSF; currently,
several other schools in the Netherlands are implementing full HPSF.

With over 2000 participating children, the large sample size is a strength of this study.
Although attrition caused by the dynamic open cohort design of our study (e.g., graduation of
students before T4, and enrolment after T0) was higher than anticipated in our original power
calculation, we included more participants than originally calculated [12]. Also, attrition due
to drop out was low, with only 53 children actively stopping participation over a four-year
period. Another strength of the study is the objective methods used to assess body composition
and PA. The subjective measurements to assess dietary behaviour might have led to socially
desirable answers. The questionnaires completed by children resulted in a high average annual
response rate varying between 92-1% and 95-0%. The parental questionnaire used to determine
covariates had a lower response rate (46.0%), yet allowed us to ask more questions in detail. By
using exposure as a fixed factor in our analyses, we were able to include all children who
enrolled and left school during the study period whilst accounting for the varying exposure to
the school condition, and thereby tackled a common disadvantage of dynamic cohort designs.
Due to the quasi-experimental design of this study, we were able to enrol schools based on
motivation. This reflects the real-life situation of school health promotion and increases eco-
logical validity. The lack of randomization resulted in baseline differences, with children in
control schools showing more unfavourable dietary and PA behaviours and a higher BMI.
This could have led to an underestimation of effects, as there was less room for improvement
in intervention schools. To deal with the lack of randomization, we controlled in all analyses
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for sex, study year at EO, socioeconomic status score, ethnicity, and BMIz at E0 (only for the
behavioural outcomes).

Schools are complex settings to implement health-promoting interventions as many stake-
holders are involved, and both population and school characteristics vary highly. Conse-
quently, similar interventions do not automatically lead to similar outcomes across schools
[32]. In an earlier study, we found our study population to be a good representation of the
region, but external validation with a national sample was moderate [16]. Children in our sam-
ple more often had a Western ethnicity and a relatively low socioeconomic status. Overweight
and obesity prevalence at 18-9% is higher than the national average of 15-17% [19]. Therefore,
we recommend carefully studying implementation and effectiveness of the current interven-
tion in various school contexts with higher socioeconomic statuses and more ethnically diverse
populations.

In conclusion, the current interventions proved effective in preventing weight gain
expressed in BMIz and WC in children. Longer exposure resulted in increasing effect sizes on
body composition. Simultaneously, longer exposure enables a shift in society’s norms of
behaviour, which could eventually result in a high impact at the population level [29]. Without
interventions, it is most likely that the obesity epidemic will worsen. From a societal perspec-
tive, it is not only of vital importance to bring the obesity epidemic to a halt, but also to reverse
it. If school-based interventions can be combined with individualised interventions targeted at
children in the risk category, and by introducing interventions in the wider societal contexts,
including the media and food industry, a structural change in the ongoing worrisome obesity
epidemic is possible [7, 29].

Supporting information

S1 Appendix.
(DOCX)

$2 Appendix.
(DOCX)

S$3 Appendix.
(DOCX)

$4 Appendix.
(DOCX)

S5 Appendix.
(DOCX)

Acknowledgments

We thank the trial participants and their parents or guardians for agreeing to take part in the
trial, the participating schools, and all the trial staff.

Author Contributions

Conceptualization: M. Willeboordse, N. H. M. Bartelink, P. van Assema, S. P. J. Kremers, H.
H. C. M. Savelberg, M. T. H. Hahnraths, L. Vonk, M. Oosterhoff, C. P. van Schayck, M. W.
J. Jansen.

Formal analysis: M. Willeboordse, N. H. M. Bartelink, B. Winkens.

Funding acquisition: M. Willeboordse, C. P. van Schayck, M. W. J. Jansen.

PLOS ONE | https://doi.org/10.1371/journal.pone.0272291 September 27, 2022 14/17


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0272291.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0272291.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0272291.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0272291.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0272291.s005
https://doi.org/10.1371/journal.pone.0272291

PLOS ONE

Long-term effects of a school-based health promoting intervention

Investigation: M. Willeboordse, N. H. M. Bartelink, M. T. H. Hahnraths, L. Vonk, M.

Qosterhoff.

Project administration: M. Willeboordse.

Supervision: M. Willeboordse, C. P. van Schayck, M. W. . Jansen.

Writing - original draft: M. Willeboordse.

Writing - review & editing: N. H. M. Bartelink, P. van Assema, S. P. J. Kremers, H. H. C. M.

Savelberg, M. T. H. Hahnraths, L. Vonk, M. Oosterhoff, C. P. van Schayck, B. Winkens, M.
W.J. Jansen.

References

1.

10.

1.

12

13.

14.

Height and body-mass index trajectories of school-aged children and adolescents from 1985 to 2019 in
200 countries and territories: a pooled analysis of 2181 population-based studies with 65 million partici-
pants. Lancet. 2020; 396(10261):1511-24. Epub 2020/11/09. https://doi.org/10.1016/S0140-6736(20)
31859-6 PMID: 33160572; PubMed Central PMCID: PMC7658740.

Kelsey MM, Zaepfel A, Bjornstad P, Nadeau KJ. Age-related consequences of childhood obesity. J Ger-
ontol. 2014; 60(3):222-8. https://doi.org/10.1159/000356023 PMID: 24434909

Han E, Norton EC, Powell LM. Direct and indirect effects of body weight on adult wages. Econ Hum
Biol. 2011; 9(4):381-92. https://doi.org/10.1016/j.ehb.2011.07.002 PMID: 21820369

Craigie AM, Lake AA, Kelly SA, Adamson AJ, Mathers JC. Tracking of obesity-related behaviours from
childhood to adulthood: a systematic review. Maturitas. 2011; 70(3):266—84. https://doi.org/10.1016/].
maturitas.2011.08.005 PMID: 21920682

Brown T, Moore TH, Hooper L, Gao Y, Zayegh A, ljaz S, et al. Interventions for preventing obesity in
children. Cochrane Database Syst Rev. 2019; 7(7):Cd001871. Epub 2019/07/25. https://doi.org/10.
1002/14651858.CD001871.pub4 PMID: 31332776; PubMed Central PMCID: PMC6646867.

Amini M, Djazayery A, Majdzadeh R, Taghdisi MH, Jazayeri S. Effect of School-based Interventions to
Control Childhood Obesity: A Review of Reviews. International journal of preventive medicine. 2015;
6:68. Epub 2015/09/04. https://doi.org/10.4103/2008-7802.162059 PMID: 26330984; PubMed Central
PMCID: PMC4542333.

Kobes A, Kretschmer T, Timmerman G, Schreuder P. Interventions aimed at preventing and reducing
overweight/obesity among children and adolescents: a meta-synthesis. Obes Rev. 2018; 19(8):1065—
79. Epub 2018/04/20. https://doi.org/10.1111/0obr.12688 PMID: 29671938.

Sobol-Goldberg S, Rabinowitz J, Gross R. School-based obesity prevention programs: a meta-analysis
of randomized controlled trials. Obesity (Silver Spring, Md). 2013; 21(12):2422—-8. Epub 2013/06/26.
https://doi.org/10.1002/0by.20515 PMID: 23794226.

Langford R, Bonell C, Jones H, Pouliou T, Murphy S, Waters E, et al. The World Health Organization’s
Health Promoting Schools framework: a Cochrane systematic review and meta-analysis. BMC Public
Health. 2015; 15(1):130. https://doi.org/10.1186/s12889-015-1360-y PMID: 25886385

Jourdan D, Gray NJ, Barry MM, Caffe S, Cornu C, Diagne F, et al. Supporting every school to become a
foundation for healthy lives. The Lancet Child & adolescent health. 2021; 5(4):295-303. Epub 2021/01/
25. https://doi.org/10.1016/S2352-4642(20)30316-3 PMID: 33485407.

Bleich SN, Vercammen KA, Zatz LY, Frelier JM, Ebbeling CB, Peeters A. Interventions to prevent global
childhood overweight and obesity: a systematic review. The lancet Diabetes & endocrinology. 2018; 6
(4):332—46. Epub 2017/10/27. https://doi.org/10.1016/S2213-8587(17)30358-3 PMID: 29066096.

Willeboordse M, Jansen MW, van den Heijkant SN, Simons A, Winkens B, de Groot RH, et al. The
Healthy Primary School of the Future: study protocol of a quasi-experimental study. BMC Public Health.
2016; 16:639. Epub 2016/07/28. https://doi.org/10.1186/s12889-016-3301-9 PMID: 27456845;
PubMed Central PMCID: PMC4960894.

Bartelink NH, van Assema P, Kremers SP, Savelberg HH, Oosterhoff M, Willeboordse M, et al. Can the
Healthy Primary School of the Future offer perspective in the on-going obesity epidemic in young chil-
dren?—a Dutch quasi-experimental study. BMJ Open. 2019; 9:e030676. https://doi.org/10.1136/
bmjopen-2019-030676 PMID: 31676651

Bartelink NH, van Assema P, Kremers SP, Savelberg HH, Oosterhoff M, Willeboordse M, et al. One-
and Two-Year Effects of the Healthy Primary School of the Future on Children’s Dietary and Physical

PLOS ONE | https://doi.org/10.1371/journal.pone.0272291 September 27, 2022 15/17


https://doi.org/10.1016/S0140-6736%2820%2931859-6
https://doi.org/10.1016/S0140-6736%2820%2931859-6
http://www.ncbi.nlm.nih.gov/pubmed/33160572
https://doi.org/10.1159/000356023
http://www.ncbi.nlm.nih.gov/pubmed/24434909
https://doi.org/10.1016/j.ehb.2011.07.002
http://www.ncbi.nlm.nih.gov/pubmed/21820369
https://doi.org/10.1016/j.maturitas.2011.08.005
https://doi.org/10.1016/j.maturitas.2011.08.005
http://www.ncbi.nlm.nih.gov/pubmed/21920682
https://doi.org/10.1002/14651858.CD001871.pub4
https://doi.org/10.1002/14651858.CD001871.pub4
http://www.ncbi.nlm.nih.gov/pubmed/31332776
https://doi.org/10.4103/2008-7802.162059
http://www.ncbi.nlm.nih.gov/pubmed/26330984
https://doi.org/10.1111/obr.12688
http://www.ncbi.nlm.nih.gov/pubmed/29671938
https://doi.org/10.1002/oby.20515
http://www.ncbi.nlm.nih.gov/pubmed/23794226
https://doi.org/10.1186/s12889-015-1360-y
http://www.ncbi.nlm.nih.gov/pubmed/25886385
https://doi.org/10.1016/S2352-4642%2820%2930316-3
http://www.ncbi.nlm.nih.gov/pubmed/33485407
https://doi.org/10.1016/S2213-8587%2817%2930358-3
http://www.ncbi.nlm.nih.gov/pubmed/29066096
https://doi.org/10.1186/s12889-016-3301-9
http://www.ncbi.nlm.nih.gov/pubmed/27456845
https://doi.org/10.1136/bmjopen-2019-030676
https://doi.org/10.1136/bmjopen-2019-030676
http://www.ncbi.nlm.nih.gov/pubmed/31676651
https://doi.org/10.1371/journal.pone.0272291

PLOS ONE

Long-term effects of a school-based health promoting intervention

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

Activity Behaviours: A Quasi-Experimental Study. Nutrients. 2019; 11(3):689. https://doi.org/10.3390/
nu11030689 PMID: 30909515

Bartelink N, van Assema P, Jansen M, Savelberg H, Moore G, Hawkings J, et al. Process evaluation of
the Healthy primary School of the Future: The key learning points. BMC Public Health. 2019; 19(1):698.
https://doi.org/10.1186/s12889-019-6947-2 PMID: 31170941

Boudewijns E, Pepels J, van Kann D, Konings K, van Schayck C, Willeboordse M. Non-response and
external validity in a school-based quasi-experimental study ‘The Healthy Primary School of the Future’:
A cross-sectional assessment. Prev Med Rep. 2019:100874. https://doi.org/10.1016/j.pmedr.2019.
100874 PMID: 31061783

Oosterhoff M, Over EAB, van Giessen A, Hoogenveen RT, Bosma H, van Schayck OCP, et al. Lifetime
cost-effectiveness and equity impacts of the Healthy Primary School of the Future initiative. BMC Public
Health. 2020; 20(1):1887. Epub 2020/12/11. https://doi.org/10.1186/s12889-020-09744-9 PMID:
33297992; PubMed Central PMCID: PMC7724829.

Vermeer AJM, Boot NMWM, Hesdahl MH, Janssen-Goffin MJH, Linssen ECAJ, Rutten N, et al. Lokale
rapporten Volksgezondheid Toekomst Verkenning: Een nieuwe kijk op gezondheid in Heerlen, Kerk-
rade, Landgraaf en Brunssum; [Local reports on Public Health Development: A new perspective on
health in Heerlen, Kerkrade, Landgraaf and Brunssum]. Geleen: GGD Zuid Limburg, 2014.

Schénbeck Y, Talma H, van Dommelen P, Bakker B, Buitendijk SE, HiraSing RA, et al. Increase in prev-
alence of overweight in Dutch children and adolescents: a comparison of nationwide growth studies in
1980, 1997 and 2009. PLoS One. 2011; 6(11):e27608. https://doi.org/10.1371/journal.pone.0027608
PMID: 22110687

van Buuren S. Multiple imputation of discrete and continuous data by fully conditional specification. Sta-
tistical methods in medical research. 2007; 16(3):219—42. Epub 2007/07/11. hitps://doi.org/10.1177/
0962280206074463 PMID: 17621469.

Lipsey MW. Design sensitivity: Statistical power for experimental research. Pugey, France: Sage;
1990.

Hung LS, Tidwell DK, Hall ME, Lee ML, Briley CA, Hunt BP. A meta-analysis of school-based obesity
prevention programs demonstrates limited efficacy of decreasing childhood obesity. Nutrition research
(New York, NY). 2015; 35(3):229-40. Epub 2015/02/07. https://doi.org/10.1016/j.nutres.2015.01.002
PMID: 25656407.

Oosterhoff M, Joore M, Ferreira |. The effects of school-based lifestyle interventions on body mass
index and blood pressure: a multivariate multilevel meta-analysis of randomized controlled trials. Obes
Rev. 2016; 17(11):1131-53. https://doi.org/10.1111/0obr.12446 PMID: 27432468

Kolsgaard MLP, Joner G, Brunborg C, Anderssen SA, Tonstad S, Andersen LF. Reduction in BMI z-
score and improvement in cardiometabolic risk factors in obese children and adolescents. The Oslo Adi-
posity Intervention Study—a hospital/public health nurse combined treatment. BMC Pediatrics. 2011;
11(1):47. https://doi.org/10.1186/1471-2431-11-47 PMID: 21619652

Goldschmidt AB, Wilfley DE, Paluch RA, Roemmich JN, Epstein LH. Indicated Prevention of Adult Obe-
sity: How Much Weight Change Is Necessary for Normalization of Weight Status in Children? JAMA
Pediatrics. 2013; 167(1):21-6. https://doi.org/10.1001/jamapediatrics.2013.416 PMID: 23129001

Savva SC, Tornaritis M, Savva ME, Kourides Y, Panagi A, Silikiotou N, et al. Waist circumference and
waist-to-height ratio are better predictors of cardiovascular disease risk factors in children than body
mass index. International Journal of Obesity. 2000; 24(11):1453-8. https://doi.org/10.1038/sj.ijo.
0801401 PMID: 11126342

Ebbeling CB, Feldman HA, Chomitz VR, Antonelli TA, Gortmaker SL, Osganian SK, et al. A randomized
trial of sugar-sweetened beverages and adolescent body weight. The New England journal of medicine.
2012; 367(15):1407—-16. Epub 2012/09/25. https://doi.org/10.1056/NEJMoa1203388 PMID: 22998339;
PubMed Central PMCID: PMC3494993.

Farooq A, Martin A, Janssen X, Wilson MG, Gibson AM, Hughes A, et al. Longitudinal changes in mod-
erate-to-vigorous-intensity physical activity in children and adolescents: A systematic review and meta-
analysis. Obes Rev. 2020; 21(1):e12953. Epub 2019/10/28. https://doi.org/10.1111/0br.12953 PMID:
31646739; PubMed Central PMCID: PMC6916562.

Rose G. Sick individuals and sick populations. International journal of epidemiology. 2001; 30(3):427—
32; discussion 33—4. Epub 2001/06/21. https://doi.org/10.1093/ije/30.3.427 PMID: 11416056.

Oosterhoff M, van Schayck OCP, Bartelink NHM, Bosma H, Willeboordse M, Winkens B, et al. The
Short-Term Value of the “Healthy Primary School of the Future” Initiative: A Social Return on Investment
Analysis. Frontiers in Public Health. 2020; 8(401). https://doi.org/10.3389/fpubh.2020.00401 PMID:
32974255

PLOS ONE | https://doi.org/10.1371/journal.pone.0272291 September 27, 2022 16/17


https://doi.org/10.3390/nu11030689
https://doi.org/10.3390/nu11030689
http://www.ncbi.nlm.nih.gov/pubmed/30909515
https://doi.org/10.1186/s12889-019-6947-2
http://www.ncbi.nlm.nih.gov/pubmed/31170941
https://doi.org/10.1016/j.pmedr.2019.100874
https://doi.org/10.1016/j.pmedr.2019.100874
http://www.ncbi.nlm.nih.gov/pubmed/31061783
https://doi.org/10.1186/s12889-020-09744-9
http://www.ncbi.nlm.nih.gov/pubmed/33297992
https://doi.org/10.1371/journal.pone.0027608
http://www.ncbi.nlm.nih.gov/pubmed/22110687
https://doi.org/10.1177/0962280206074463
https://doi.org/10.1177/0962280206074463
http://www.ncbi.nlm.nih.gov/pubmed/17621469
https://doi.org/10.1016/j.nutres.2015.01.002
http://www.ncbi.nlm.nih.gov/pubmed/25656407
https://doi.org/10.1111/obr.12446
http://www.ncbi.nlm.nih.gov/pubmed/27432468
https://doi.org/10.1186/1471-2431-11-47
http://www.ncbi.nlm.nih.gov/pubmed/21619652
https://doi.org/10.1001/jamapediatrics.2013.416
http://www.ncbi.nlm.nih.gov/pubmed/23129001
https://doi.org/10.1038/sj.ijo.0801401
https://doi.org/10.1038/sj.ijo.0801401
http://www.ncbi.nlm.nih.gov/pubmed/11126342
https://doi.org/10.1056/NEJMoa1203388
http://www.ncbi.nlm.nih.gov/pubmed/22998339
https://doi.org/10.1111/obr.12953
http://www.ncbi.nlm.nih.gov/pubmed/31646739
https://doi.org/10.1093/ije/30.3.427
http://www.ncbi.nlm.nih.gov/pubmed/11416056
https://doi.org/10.3389/fpubh.2020.00401
http://www.ncbi.nlm.nih.gov/pubmed/32974255
https://doi.org/10.1371/journal.pone.0272291

PLOS ONE

Long-term effects of a school-based health promoting intervention

31. vanRunS, van Schayck CP., Urlings EV., Coppens K., Winkens B., Willeboordse M. Bullying on ‘the
Healthy Primary School of the Future’: An explorative study. AUP Pedagogiek. 2020; 40(1):97-117.
https://doi.org/10.5117/PED2020.1.006.VANR.

32. Bartelink N, van Assema P, Jansen M, Savelberg H, Kremers S. The Moderating Role of the School
Context on the Effects of the Healthy Primary School of the Future. Int J Environ Res Public Health.
2019; 16(13):2432.

PLOS ONE | https://doi.org/10.1371/journal.pone.0272291 September 27, 2022 17/17


https://doi.org/10.5117/PED2020.1.006.VANR
https://doi.org/10.1371/journal.pone.0272291

