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Abstract

Results of community-based childhood obesity intervention programs do not provide strong evidence for their effec-
tiveness. In this study, we evaluated the effect of the Thao-Child Health Program (TCHP), a community-based,
multisetting, multistrategy intervention program for healthy weight development and lifestyle choices. In four Catalan
cities, a total of 2250 children aged 8 to 10 years were recruited. Two cities were randomly selected for the TCHP
intervention, and two cities followed usual health care policy. Children were selected from 41 elementary schools.
Weight, height, and waist circumference were measured at baseline and after a mean follow-up of 15 months.
Physical activity and adherence to the Mediterranean diet were measured with validated questionnaires. Generalized
estimating equations (GEE) models were fitted to determine the intervention’s effect on body mass index (BMI) z-score,
waist-to-height ratio, Mediterranean diet adherence, and physical activity. Fully adjusted models revealed that the
intervention had no significant effect on the BMI z-score, incidence of general and abdominal obesity, Mediterranean
diet adherence, and physical activity. Waist-to-height ratio was significantly lower in controls than in the intervention
group at follow-up (p <0.004).
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Conclusions: The TCHP did not improve weight development, diet quality, and physical activity in the short term.

What is Known:

* There is inconsistent evidence for the efficacy of school-based childhood obesity prevention programs.
* There is little evidence on the efficacy of childhood obesity intervention programs in other settings.

What is New:

* This paper contributes information about the efficacy of a multisetting and multistrategy Community Based Intervention (CBI) program that uses the

municipality as its unit of randomization.

* This CBI had no effect on the prevention and treatment of childhood obesity in the short term.
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Abbreviations

BMI body mass index

CBI community based intervention

EPODE Ensemble Prévenons 1’Obésité Des Enfants
GEE generalized estimating equations

PA physical activity

PAQ-C  physical activity questionnaire for children
TCHP  Thao child health program

WwC waist circumference

WHtR  waist-to-height ratio

Introduction

Childhood obesity, one of the most challenging problems for
public health policy, is highly prevalent in south European
countries [1]. Recently published data on obesity prevalence
paints a worrying picture for Spain. About 39% of Spanish
children and adolescents are overweight or obese [35] and
16.5% have abdominal obesity [36]. Cardiometabolic health
worsens in obese children, creating demand for the implemen-
tation of intervention programs to curb this epidemic [25].
Obesity has a multifactorial and multilevel etiology, with life-
style choices such as diet and physical activity serving as a
driving factor for this global epidemic [38]. The implementa-
tion of multicomponent programs that include several obesity-
related targets is theoretically a promising intervention in
treating overweight and obesity [30].

A systematic review and meta-analysis identified ten stud-
ies of the efficacy of community-based interventions (CBIs) to
prevent childhood obesity [41]. Although three of the studies
showed a significant reduction in body mass index (BMI) z-
score, intervention and assessment methodologies were not
homogenous. The level of evidence about CBI efficacy to
prevent childhood obesity was moderate, based on the criteria
of Wang and colleagues. None of these studies used munici-
palities as the community setting in a randomization strategy,
and none were carried out in Spain. The EPODE methodology
[8], created as a continuation of the Fleurbaix Laventie Ville
Santé study [33], paved the way for the Thao-Child Health
Program (TCHP). The TCHP is a multisetting and
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multistrategy CBI to prevent childhood obesity that was de-
signed for implementation by municipalities in Spain [18].

The objective of this study was to determine the efficacy of
the TCHP program on BMI and waist-to-height ratio as the
main outcome, and dietary quality and physical activity as the
secondary outcome, in children aged 8 to 10 years from four
selected Catalan municipalities.

Methods
Study design and population

The TCHP is a community-based health program with munic-
ipalities as the community setting. Therefore, we chose a ran-
domized cluster design with municipalities as unit of random-
ization for the POIBC study (acronym for Prevencion de la
Obesidad Infantil: Un modelo de Base Comunitaria, a
Spanish study on effects on childhood obesity of a communi-
tarian lifestyle intervention). The intervention lasted two aca-
demic years (2012-2014) with an average follow-up of
15 months. The project was approved by the local Ethics
Committee (CEIC-PSMAR, Barcelona, Spain). Parental writ-
ten consent was obtained on behalf of each of the 2250 chil-
dren aged 8 to 10 years recruited from elementary schools (4th
and 5th grade) in four Catalan cities (Sant Boi de Llobregat,
Terrassa, Molins de Rei, and Gava), located on the outskirts of
Barcelona, but within the metropolitan area. Two municipali-
ties, Sant Boi de Llobregat and Terrassa, were randomly se-
lected with the R pseudo-random number generator for TCHP
implementation, and Molins de Rei and Gava served as con-
trol cities (Online Resource 1). Intervention cities had larger
populations (Sant Boi de Llobregat= 83,107 inhabitants;
Terrassa=215,517 inhabitants) than the control cities
(Gava =46,326 inhabitants; Molins de Rei=25,152 inhabi-
tants), which affected the number of schools per city and the
number of participants. All schools in each of the four cities
were invited to participate, but the school participation rate
was higher in control cities than in the larger intervention
cities. All children aged 8 to 10 years (4th and 5th grade of
primary education) from the participating schools were invited
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(n=2557). A signed informed consent was obtained from
89.6 and 86.7% of those families in the intervention and con-
trol cities, respectively (Online Resource 2). After excluding
children with missing anthropometric data at baseline or main
outcome data at follow-up, 2086 participants remained for
analysis (974 in the intervention schools and 1112 in the con-
trol schools).

Intervention
Aim and general description

The main goal of the POIBC study was to assess the effec-
tiveness of the TCHP, a CBI to prevent childhood obesity
through healthy lifestyles promotion to children and their fam-
ilies. The TCHP implementation (Online Resource 3) was led
by the city council, which appointed a local coordinator. In
both intervention cities, the coordinator was selected from the
community health department. The theoretical framework of
the program is based on the attitude—social influence—self-ef-
ficacy (ASE) model [13], social marketing strategies used in
the public health field [19], and CBI guidelines for obesity
prevention [23, 43]. In addition, the emotional approach was
an important element considered in the development of each
health promotion material or activity [3]. At the final

evaluation, Sant Boi de Llobregat had implemented eight
community activities and Terrassa had implemented seven
community activities (Table 1). To reinforce the health mes-
sages transmitted through the community activities, the teach-
ing activities and the educational material, a paper-folding
game was distributed each year, as shown in Table 2. The
Thao Foundation coordinated the resources and networks that
developed the public health strategy and created the graphic
materials and CBI activities for all local key sectors. All ac-
tivities were recorded by the Thao foundation. The TCHP
closely followed the TIDieR checklist on reporting interven-
tions [21]. Qualitative and quantitative process assessment
was performed by the Thao Foundation. The perception of
strengths and weaknesses of the intervention program was
recorded by local coordinators.

Furthermore, it offered initial and follow-up training and
ongoing support to local coordinators and their teams and
provided the annual evaluation protocol for each town in-
volved. All communication was delivered by multiple chan-
nels. The Online Resource 4 contains a detailed description of
the thematic focus of the intervention, the organisms and per-
sonnel responsible for intervention and implementation, and
the community activities, teaching activities, educational ma-
terial, full press release introducing the project to the commu-
nities, and examples of the intervention.

Table 1 Community activities implemented in the intervention cities
Activities Sant Boi de Llobregat Terrassa
Workshops 4 workshops about eating habits and cooking techniques. 1 workshop about eating habits and cooking techniques.
Organized by the city council, held inside the public food Organized by the city council, held inside a public food market
markets and led by a nutrition expert. and led by a nutrition expert
Average attendance: 25 (children and parents) Estimated attendance: 45 (children and parents)
Estimated total: 100
World Health Day ~ Organized by the city council in an indoor space. Classes in ~ Organized by the city council in an outdoor space. The Thao

events (one per
school year)

300 children and their parents each year
Community-based
activities
promotion organized by the city council.
Attendance: 210 parents

Physical activity conference (year 2) organized by the city
council for sports centers representatives and physical
education teachers about how they could promote healthy

lifestyles to children and families.

participating schools received information at the Thao
Program stand, and participated in 1 Thao activity and in 1
Thao children-adapted conference. Estimated attendance:

Parent conference (year 1) to generate awareness about
childhood obesity and the importance of healthy lifestyles

Program coordinated 4 games to promote healthy diet and
physical activity. Estimated attendance: 250 children and their
parents each year.

2 libraries dedicated a full week (one per school year) to
afternoon activities promoting healthy lifestyles. Moreover,
children and their families discovered a dedicated space with
games highlighting healthy habits and books promoting a
healthy diet and physical activity. The city council is in charge
of libraries management.

Estimated attendance: 230 children/week and their parents (total
for both libraries)

Training session (year 2) addressed to sports centers
representatives and physical education teachers at all
participating schools about how to promote healthy lifestyles
to children and families.

Estimated attendance: 35 administrators, coaches, and teachers Estimated attendance: 38 administrators, coaches, and teachers

Sports community day (year 2) for participating children
(6-16 years old) and their families organized by the city
council sports department. Two Thao games were offered in an
outdoor space

Estimated attendance: 550 children
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Table 2 Materials provided to

Distribution channel(s)

TCHP leadership teams for TCHP materials
distribution in each intervention

city (additional information in Posters
Supplementary File S1) Leaflets

Teaching activities

E-mail communication explaining the health goals
and objectives targeted by the intervention

Local media outreach

One paper-folding game for each year
Community activities (suggestions described for

key sectors of the community)

Participating schools and food markets

All participating families

Each participating grade level at each school, to be
implemented by teachers

Each pediatric team member at primary care centers in
the intervention cities

Year 1: article on Mediterranean diet
Year 2: article on physical activity
Participating children

Year 1: Mediterranean Diet, to be implemented by
restaurants, food markets, and local food producers

Year 2: Physical activity, including mountain hikes,
activities at public parks, family races, etc., to be
implemented by schools, parent associations, and
public libraries

Outcome measures
Anthropometric variables

Anthropometric measurements were assessed by trained per-
sonnel on the first day of the intervention at each school; each
child wore a t-shirt, light trousers, and no shoes. Following a
standard protocol [44], weight (to nearest 100 g), height, and
waist circumference (both to nearest 1 mm) were measured
using an electronic scale (SECA 813), a portable SECA 213
stadiometer, and a flexible non-stretch metric tape, respective-
ly. Waist circumference was measured in the narrowest zone
between the lower costal rib and iliac crest, in the supine
decubitus and vertical positions. Measuring devices were sys-
tematically calibrated. BMI z-score was computed using age-
and sex-specific reference values from the World Health
Organization (WHO) [11]. Obesity was defined as a BMI >
2 SD from the mean of the WHO reference population. Waist-
to-height ratio (WHtR) was calculated, and abdominal obesity
was defined as a WHtR >0.5.

Lifestyle

The assessment of lifestyle variables has been described in
detail elsewhere [17]. In brief, lifestyle data was self-
reported using an online system. Data were collected in
schools with the assistance of trained field researchers at base-
line and at follow-up, using two instruments, KIDMED and
the Physical Activity Questionnaire for Children (PAQ-C).
The KIDMED index, based on a 16-item questionnaire [37],
was created to estimate adherence to the Mediterranean diet in
children and young adults, incorporating the principles that
sustain Mediterranean dietary patterns and those that under-
mine it. The PAQ-C asks about various activities to determine
the child’s physical activity (PA) level over the previous 7 days
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[28] and provides a summary PA score derived from nine
items.

Other variables

Parental education level was collected and categorized into
five levels: (i) no schooling, (ii) primary school, (iii) second-
ary school, (iv) technical or other university degree, and (v)
higher (graduate-level) university degree.

Data collection

All variables were collected from all participating children and
their families in the intervention and control cities at baseline
and at a mean follow-up of 15 months.

Statistics

Student ¢ for continuous variables and chi-square test for cat-
egorical variables were used to compare groups. Given that
randomization to intervention was performed at the munici-
pality level (clusters), generalized estimating equation (GEE)
models were fitted to assess intervention effect on BMI z-
score, WHtR, adherence to the Mediterranean diet, and PA
[26].

Final models with anthropometric variables at follow-up as
the outcome were adjusted for six baseline covariates: age,
sex, mother’s educational level, adherence to the
Mediterranean diet, PA, and the corresponding anthropomet-
ric variable (function “mgee” from R-packagesaws). Final
models with lifestyle variables at follow-up as the outcome
were adjusted for five baseline covariates: age, sex, mother’s
educational level, BMI z-score, and the corresponding life-
style variable. Children with obesity and those with abdominal
obesity at baseline were excluded from analysis in order to
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determine the effect of the intervention on the incidence of
obesity and abdominal obesity, respectively. It was not possi-
ble to fully adjust models to assess the effect of the interven-
tion on obesity, due to convergence problems in the determi-
nation of the estimated effect in the interactive algorithm.
Therefore, models were adjusted only for sex and age. Due
to the small number of clusters (municipalities), GEE models
estimation was followed by ¢ test with the Kauermann and
Carrol-corrected sandwich estimator or by the Wald ¢ test with
the FG-corrected sandwich estimator, depending on the vari-
ation in cluster size (function “saws” from R package saws).

FG-corrected sandwich estimation is not possible with
mixed models. For this reason, we applied GEE models for
the analyses. Missing data for variables included in the models
were completed using multivariate imputation by chained
equations, which yielded 20 multiple imputed datasets (The
Multiple Imputation by Chained Equations [MICE] R pack-
age). Variables used in the imputation process were those re-
lated to missingness on the exposure variables. Analyses were
carried out in each of the 20 multiple imputed datasets and
then estimates of intervention effects were combined
(MIcombine function, “mitools” R package). The possible
bias of association estimates induced by non-random
missingness was corrected by this multiple imputation pro-
cess. Sensitivity analysis was stratified by sex. Comparison
of participant characteristics was performed with the
Statistical Package for Social Science (SPSS version 18.0;
SPSS Inc., Chicago, IL, USA). Differences between the inter-
vention and control group were considered significant if p <
0.05.

Results

Table 1 describes the materials provided to TCHP leadership
teams for distribution in each intervention city. Qualitative
process assessment revealed the following strengths: (i) the
municipality-based, multistrategy intervention; (ii) attractive
and well-planned and structured health promotion material
such as the Thao intervention program characters (Thaoins),
which capture children’s attention; and (iii) the successful as-
sessment process. In contrast, lack of time to carry out all the
proposed activities and the necessity of more community out-
reach were identified as program weaknesses. Quantitative
process analysis showed a scaling of more than 8.0 points
for each assessment criteria (Online Resource 5).

Table 3 shows baseline and follow-up characteristics of the
study participants. Compared to the intervention group at
baseline, children in the control group were younger and had
lower waist circumferences, higher adherence to the
Mediterranean diet, and higher PA levels; there was also lower
prevalence of boys and abdominal obesity in the control
group. Lower maternal education was more frequent in the
intervention group, compared to controls. At follow-up, chil-
dren in the control group had a significantly lower WHtR
compared to children in the intervention group.

Sex- and age-adjusted GEE models revealed no interven-
tion effect on changes in BMI z-score, KIDMED index, PAQ-
C, or incidence of general and abdominal obesity (Table 4).
Controlling additionally for baseline values of the outcome
variables and parental educational status did not meaningfully
alter the effect size of the intervention. In fully adjusted GEE

Table 3  Main characteristics of the study population
Baseline Follow-up
Total Intervention Control Total  Intervention Control
N N Mean (SD) N Mean (SD) p N N Mean (SD) N Mean (SD) p
Sex (%)
Girls 1001 445 457 556 50.0
Boys 1085 529 543 556 50.0 0.049
Education® (%) 1769 816 249 953 438 0.001
Age (years) 2086 974 102 (0.64) 1112 10.1 (0.60) 0.01 2086 974 11.3(0.63) 1112 11.4(0.58) 0.12
Weight (kg) 2086 974  38.1 (9.0) 1112 374 8.2) 0.72 2086 974 433(104) 1112  43.0(9.6) 0.54
Height (m) 2086 974 1.41(0.07) 1112 1.41(0.07) 0.61 2086 974 1.48(0.08) 1112  1.49(0.08) 0.15
BMI (kg/m?) 2086 974 18.8(3.2) 1112 18.6 (3.0) 0.07 2086 974 19.5(3.5) 1112 193 (3.3) 0.17
BMI z-score 2086 974 0.73(1.20) 1112 0.67(1.15) 0.21 2086 974 0.64(1.12) 1112 0.57 (1.15) 0.19
WHIR (cm/cm) 2083 972 0.48(0.05) 1111 0.47(0.05) 0.035 2080 970 0.47(0.05) 1110 0.46(0.05) <0.01
KIDMED index (unit) 1653 715 6.7 (2.5) 938 7.0(2.3) 0.011 2043 966 6.7 (24) 1077 6.6 (24) 0.53
PAQ-C (unit) 1652 715  2.92(0.75) 937 3.02(0.73) 0.003 2041 966 3.06(0.69) 1075 3.07 (0.70) 0.82

PAQ-C physical activity questionnaire, SD standard deviation, WHtR waist to height ratio

#University degree
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Table 4 Intervention effect on anthropometric variables and lifestyle at
follow-up
Model* Model®
n Difference p Difference p
BMI z-score 2086  0.078 0.94 0.012 0.73
WHIR (crm/cm) 2086  0.010 0.001 0.006 <0.001
KIDMED index (unit) 2086  0.073 0.97 0.266 0.91
PAQ-C (unit) 2086 —0.032 0.95 0.022 0.97
Incidence (%)°
Obesity 1732 —0.04 099 NA

Abdominal obesity 1474  0.61 097 NA

Generalized estimating equation (GEE) models to estimate the effect
(difference) on the intervention between the intervention and control

group
WH!R waist to height ratio, PAQ-C physical activity questionnaire for
children, NA not applicable

# Adjusted for sex and age and corresponding anthropometric and lifestyle
variable at baseline

® For BMI z-score and WHtR: adjusted for sex, age, maternal education,
and baseline values for the KIDMED index, PAQ-C, and corresponding
anthropometric variable. For KIDMED index and PAQ-C: adjusted for
sex, age, maternal education, and corresponding outcome (at baseline).
For incidence of general and abdominal obesity: Adjusted for sex, age,
maternal education, and baseline values for the KIDMED index, PAQ-C,
and BMI z-score (general obesity) and WHtR (abdominal obesity)

¢ Children with the corresponding outcome at baseline were excluded
from analysis

models, WHtR was 0.005 lower in the control group than in
the intervention group. Nonetheless, the effect size of the in-
tervention was clinically irrelevant.

Sensitivity analysis revealed that the intervention’s effect
on anthropometric and lifestyle variables was similar in boys
and girls (Online Resource 6).

Discussion

Implementation of the TCHP in two Catalan cities had no
significant effect on weight development, obesity incidence,
or changes in diet quality and PA after two school years
(15 months), compared to the two control cities.

Evidence of the efficacy of CBI in the prevention of child-
hood obesity is still scarce [5, 7, 41]. The systematic review by
Bleich and colleagues [7] describes four studies [9, 12, 15, 34]
that found slight but significant changes in BMI or BMI z-
score. The main characteristics of these studies, compared
with those that showed no effect, are long follow-up periods
(from 24 to 48 months), a focus on young children (aged 2 to
8 years), a quasi-experimental design that allowed the inclu-
sion of multiple intervention components (combining healthy
diet and PA promotion policies and activities), and the
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inclusion of multiple settings (school, family, and the commu-
nity). In contrast to the TCHP, none of these studies chose
municipalities as the community setting for randomization
and intervention implementation. However, TCHP interven-
tion components and settings in the present study have simi-
larities with the four effective interventions previously de-
scribed [7], such as a combined focus on PA and dietary be-
havior (considered essential to tackle the childhood obesity
epidemic) [29, 32] or the extension of the CBI to multiple
settings [43]. Conversely, regarding the shared components
of those four effective interventions, the TCHP model does
not have the capacity to promote changes in environmental or
structural policies that can favor the availability of healthy
food or intensify physical activity strategies implemented in
the participant communities. The Thao Foundation had no
regulatory authority, which likely limited the intervention suc-
cess because the multilevel etiology of childhood obesity
could not be addressed. The health promotion strategies ap-
plied at the local level in the CBI model should be accompa-
nied by policies and regulations in order to increase the like-
lihood of effectiveness [20, 27, 39]. Following the socio-
ecological models of health determinants [10], the TCHP only
influenced individual lifestyles and community strategies, not
the structural determinants.

Moreover, the POIBC study included older children (8—
12 years old), compared with the effective interventions iden-
tified in the review article. The preventive power of health
promotion strategies may be higher when younger children
are the target population [6, 31]. Families are more open and
self-confident about introducing daily lifestyle changes in dur-
ing early childhood development stages [16, 24].

The length of follow-up in the POIBC study is another
difference (15 vs 24 months, the minimum in the effective
CBI initiatives). A longer initial period is needed to build the
local institutional networks through which the intervention is
implemented. This increases the time needed to achieve pos-
itive changes, first in lifestyle and then in the effect on BMI. In
this sense, the lack of results observed in the POIBC study
could potentially be reversed after a longer follow-up.

As the field still has only moderate evidence on the effec-
tiveness of intervention programs to address childhood obesi-
ty, the TCHP results are similar to several other CBI studies [7,
41]; only four strategies have produced significant results, and
all had low effect size. In summary, based on this evidence it
seems that the key elements for CBI success are the settings
involved, the intervention components, the length of follow-
up, and the ages of the participants [5, 7, 41].

This paper contributes information about the efficacy of a
CBI that uses the municipality as its unit of randomization. No
previous evidence of this approach was found, and more is
needed in this field of research. Following the WHO recom-
mendations [45], a CBI implemented in a whole municipality
requires a more flexible implementation process in order to
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engage and encourage the different key settings (schools,
health centers, markets, city council, etc.). The most success-
ful CBI for childhood obesity prevention has multiple compo-
nents that are designed and implemented according to the
local context. Accordingly, it is not possible to provide a
comprehensive, generic list of components that are likely to
produce a successful community-based intervention. On the
contrary, a fundamental tenet of best practice for community-
based interventions is that the community determines the most
appropriate components to suit their particular context, with
flexibility and creativity encouraged [23].

Expanding the focus from CBI to other kinds of interven-
tions, the systematic review and meta-analysis cited [41] show
a significant reduction in the BMI and BMI z-score for school-
based interventions. The findings support previous evidence
that school-based interventions can support childhood obesity
prevention [4, 22, 42], although the improvements observed
have limited clinical relevance (0.05 BMI z-score and 0.25
BMI) [41]. Similar significant improvements in weight status
have been observed in recently published studies about the
efficacy of school-based healthy lifestyle promotion interven-
tions [14, 40]. Such interventions give implementation teams
more control of the activities implemented and their intensity,
but adding home and community activities strengthens the
capacity to reach parents, who are keys to form family
lifestyle.

The main limitation of this study is the small number of
clusters. Sample size calculation would have considered the
cluster effect; however, this was not feasible with municipal-
ities as the principal unit of randomization. We reduced this
limitation by applying appropriate statistical models [26].
Another limitation was that the Thao Foundation proposed
materials and activities to improve lifestyle habits but left
the responsibility of implementation to the local TCHP coor-
dinators and their teams. The number of activities implement-
ed and their intensity were flexible, in order to engage a higher
number of institutions in the project. As a consequence, the
study cannot evaluate or compare the level of intensity that
each individual in the intervention schools received. The study
also has strengths in its design and implementation. Diet and
PA were assessed using validated questionnaires [28, 37], and
the anthropometric variables were measured by trained pro-
fessionals instead of being self-reported by the participants or
their parents [2].

Conclusion

The TCHP had no effect on the prevention and treatment of
childhood obesity or on the improvement of physical activity
and diet quality in Spanish boys and girls. Comparison be-
tween CBI studies is somewhat difficult due to their hetero-
geneity in intervention and evaluation methods. Managing

this heterogeneity will be a key factor in achieving a higher
level of evidence about interventions of this type. Unresolved
questions such as how to measure the intervention intensity
received by each individual must also be addressed in future
studies. Given the complexity of CBI implementation and
assessment, in the long run, there is a need for more evidence
about the efficacy of these multisetting and multistrategy in-
terventions to prevent childhood obesity.
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