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Abstract

Background: The World Health Organization (WHO) Regional Office for Europe has established the Childhood Obesity
Surveillance Initiative (COSI) to monitor changes in overweight in primary-school children. The aims of this paper are to
present the anthropometric results of COSI Round 2 (2009/2010) and to explore changes in body mass index (BMI) and
overweight among children within and across nine countries from school years 2007/2008 to 2009/2010.

Methods: Using cross-sectional nationally representative samples of 6−9-year-olds, BMI, anthropometric Z-scores and
overweight prevalence were derived from measured weight and height. Significant changes between rounds were
assessed using variance and t-tests analyses.

Results: At Round 2, the prevalence of overweight (including obesity; WHO definitions) ranged from 18% to 57%
among boys and from 18% to 50% among girls; 6 − 31% of boys and 5 − 21% of girls were obese. Southern
European countries had the highest overweight prevalence. Between rounds, the absolute change in mean BMI
(range: from −0.4 to +0.3) and BMI-for-age Z-scores (range: from −0.21 to +0.14) varied statistically significantly
across countries. The highest significant decrease in BMI-for-age Z-scores was found in countries with higher absolute
BMI values and the highest significant increase in countries with lower BMI values. The highest significant decrease in
overweight prevalence was observed in Italy, Portugal and Slovenia and the highest significant increase in Latvia and
Norway.

Conclusions: Changes in BMI and prevalence of overweight over a two-year period varied significantly among
European countries. It may be that countries with higher prevalence of overweight in COSI Round 1 have
implemented interventions to try to remedy this situation.
Background
Through the European Charter on Counteracting Obesity,
Member States in the European Region of the World
Health Organization (WHO) declared in 2006 their
commitment to strengthen action on counteracting obes-
ity and to place this issue high on the political agenda of
their governments. Article 2.2 of the Charter states that
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policies and actions and for the dissemination of findings
to a wide audience” [1]. The establishment of the WHO
European Childhood Obesity Surveillance Initiative (COSI)
in 2006 was a response to this Charter, which was signed
at the WHO European Ministerial Conference on Coun-
teracting Obesity in Istanbul, Turkey [2]. The importance
of such surveillance mechanisms was reinforced as one of
the strongest dimensions in the Vienna Declaration on
Nutrition and Noncommunicable Diseases in the Context
of Health 2020 [3], which was endorsed at the sixty-third
session of the WHO Regional Committee for Europe in
September 2013 [4].
COSI routinely measures overweight and obesity preva-

lence of primary-school children aged 6–9 years, in order
to monitor progress with curbing excess body weight
in this population group and to permit inter-country
comparisons within the WHO European Region. The
first COSI data collection round took place during the
school year 2007/2008 (Round 1) in which thirteen
countries participated [5]. A second COSI data collection
round took place during the school year 2009/2010
(Round 2) and some of the participating countries have
already published the national data analyses of Round
2 [6-10].
The aim of this paper is twofold: 1) to present the

findings of COSI Round 2 and investigate whether differ-
ences exist in mean values of anthropometric measure-
ments (weight, height), indices (body mass index (BMI)
and Z-scores) and prevalence estimates across countries
and between boys and girls; and 2) to assess which coun-
tries are on track to achieving the Charter’s ultimate goal
by studying the direction and magnitude of the change in
mean anthropometric values and overweight prevalence
estimates from Round 1 to Round 2.

Methods
COSI Round 2 (2009/2010) was conducted in fifteen
countries: Belgium, Cyprus, Czech Republic, Greece,
Hungary, Ireland, Italy, Latvia, Lithuania, Malta, Norway,
Portugal, Slovenia, Spain and the former Yugoslav Republic
of Macedonia. All Round 2 countries except for Cyprus
and Malta delivered their 2009/2010 data to the WHO-
COSI database in line with the COSI protocol and thus
data from 13 countries were used for the present analysis.
The implementation characteristics of COSI Round 1
(2007/2008) were described in detail elsewhere [5].

Protocol development
A common protocol was developed throughout 2007 by
the WHO Regional Office for Europe and Member States
participating in COSI, and it was used for both rounds
[11]. Two protocol changes in recording procedures were
made for Round 2: precise recording of the time of meas-
urement was made optional, and a mandatory variable to
indicate whether measurements took place before or
after lunch was added. In addition, children were no
longer routinely asked to go to the toilet before the
measurements [12].

Study population and sampling design
Countries that participated in Round 1 could decide for
Round 2 to select a new nationally representative sample
of schools or to go back to the same schools that were
selected in Round 1 and select randomly the classes at
these sentinel sites. Four countries (Ireland, Lithuania,
Norway and Portugal) chose the sentinel site approach.
The entire population of interest was included by Belgium
(Flanders only) and new nationally representative samples
were taken by the other eight countries (see Additional
file 1).

Age groups chosen
Given the differences among countries in school systems,
the age of children entering the first class of primary
school (reception year), and the number of children re-
peating a grade, it was difficult to implement a uniform
sampling approach that was applicable in every country.
Age was therefore taken as the first condition for the
sampling procedures. Countries were free to select one
or more of the following four defined COSI age groups:
6.0–6.9, 7.0–7.9, 8.0–8.9 or 9.0–9.9 years. Since children
of this age in all countries are enrolled in primary
schools, the school population was therefore taken to be
representative of the total population in these age groups.

Stratification
Stratification of the primary sampling unit (PSU) was
applied if it was expected that differences in anthropo-
metric measurements and indices across strata would be
observed. This was done by eight countries: the Czech
Republic by region and level of urbanization; Greece by
prefecture; Hungary by county; Italy by region; Latvia by
level of urbanization and language of instruction;
Lithuania by district and level of urbanization; Spain by
geopolitical region and size of city/village; and the former
Yugoslav Republic of Macedonia by level of urbanization.

Sampling units
Cluster sampling was employed by the eight countries
that drew a new sample whereby the PSU was the primary
school or the class (except in the Czech Republic, where
the PSU was composed of paediatric clinics, since COSI
was attached to the mandatory health checks that are per-
formed by paediatricians). Primary schools and classes
were selected randomly from the list of all primary schools
(public, private and special schools) centrally available in
each country through the Ministry of Education or at the
national school registry (or national list of primary care
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paediatricians). If less than about 1% of the target children
were enrolled in private or special schools (e.g. schools for
children with learning disability or visual impairment),
countries had the choice of excluding these schools from
the sampling frame. If the majority of the children of the
targeted age group were in the same grade, then the class
was drawn from within that grade level. If the targeted age
group was spread across grades, however, all grades where
most children from this age group were present were sam-
pled. In every sampled class, all children were invited to
participate.

Sample size
Rudolf et al. suggest using the standard deviation (SD)
scores or Z-scores of a BMI distribution to demonstrate
whether a halt in the rise in overweight or obesity is
achieved [13]. The calculated sample size of ≈ 2300
children per age group was based on an 80% power to
detect a minimum difference of 0.10 Z-score in mean
BMI per year at a two-sided 5% significance level. To
achieve the same precision with a cluster sample design as
with a simple random sample, the minimum final effective
sample size should be ≈ 2800 children per age group,
whereby a design effect of 1.2 was applied [14]. Additional
file 2 shows by country the number of children that were
invited to participate in Round 2; that were measured; that
had complete information on age, sex, weight and height;
and that fell within the targeted age group. A total of 224
920 children aged 6–9 years were included in the data
analyses (114 457 boys and 110 463 girls).

Data collection procedures
Countries decided on the measurement period. Data
collection, however, was avoided during the first two
weeks of a school term or immediately after a major
holiday. Taking the local arrangements, circumstances and
budget into account, countries chose the most appropriate
professionals to collect data from the children, hereafter
called examiners. Additional file 3 gives a summary of the
application of the COSI protocol characteristics in each
country in Round 2.

Ethics approval procedures
The COSI protocol is in accordance with the international
Ethical Guidelines for Biomedical Research Involving
Human Subjects [15]. Depending on local circumstances,
the procedures were also approved by local ethical com-
mittees. This was not needed in four countries because
data collection procedures were part of legislation
(Belgium), a compulsory school programme (Slovenia),
a National Annual Program of Public Health (the former
Yugoslav Republic of Macedonia) or were regulated by the
National Health Authority and Regional Health Authorities
(Spain). The local committees in the other nine countries
were: Czech Republic: the Institutional Ethical Committee
of the Institute of Endocrinology; Greece: the Ethics
Committee of the Alexander Technological Educational
Institute of Thessaloniki; Hungary: the Scientific and
Research Ethics Committee of the Medical Research
Council; Ireland: the Research Ethics Committee of the
University College Dublin; Italy: the Institutional Ethical
Committee of the Italian National Institute of Health;
Latvia: Central Medical Ethics Committee; Lithuania:
Lithuanian Bioethics Committee; Norway: Regional Com-
mittee for Medical and Health Research Ethics; and
Portugal: Portuguese Data Protection Authority. Detailed
information on the ethical clearance procedures in each
country is included in Additional file 4. Parents were
always fully informed about all study procedures and their
informed consent approach (passive or active by one or
two parents) was obtained. Children’s consent was always
obtained prior to the measurements.

Anthropometric measurements
Prior to data collection, all examiners were trained in
measuring weight and height using WHO standardized
techniques [16]. Children were asked to take off their
shoes and socks as well as all heavy clothing (coats,
sweaters, jackets, etc.) and to remove items such as
wallets, mobile phones or key chains. Body weight was
measured to the nearest 0.1 kg with portable digital
(mainly manufacturer-calibrated) scales and body
height was measured standing upright to the nearest
0.1 cm with portable stadiometers. Body weight was
then adjusted for the weight of the clothes worn. The
average weights of types of clothing were provided by each
country. Where possible, the same anthropometric equip-
ment was used throughout a country. Anthropometric
measurements were preferably done in the mornings before
lunch time, although this had not always been feasible.

Data elaboration
All country datasets were reviewed in a standard manner
at the Regional Office for inconsistencies and completeness
before they were merged for the intercountry analyses. The
final dataset included children with informed consent and
complete information on age, sex, weight and height.
Children were excluded from the final dataset if their
age did not fall within the targeted age group.
The child’s age (in years) was calculated using the for-

mula: (date of measurement minus date of birth (expressed
in days))/365.25. When a complete date of birth was not
provided but only the month and year of birth, then the
child’s age (in years) was calculated by dividing the number
of months between the date of birth and the date of
measurement by 12 (this was done for the entire Belgian
dataset). BMI was calculated using the formula: weight
(kg) divided by height squared (m2).
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The 2007 WHO recommended cut-offs for school-age
children and adolescents were used to compute height-
for-age (H/A), weight-for-age (W/A) and BMI-for-age
(BMI/A) Z-scores, and to interpret anthropometric
indicators [17,18], whereby stunting and severe stunting
were defined as the proportion of children with a H/A
value below −2 Z-scores and below −3 Z-scores, respect-
ively, relative to the 2007 WHO growth reference median
[17]. Underweight and severe underweight were defined
as the proportion of children with a W/A value below −2
Z-scores and below −3 Z-scores, respectively. Thinness
and severe thinness were defined as the proportion of chil-
dren with a BMI/A value below −2 Z-scores and below −3
Z-scores, respectively. Overweight and obesity were de-
fined as the proportion of children with a BMI/A value
above +1 Z-score and above +2 Z-scores, respectively.
Overweight and obesity were also estimated using the
IOTF cut-off points [19], as they are widely used in the
WHO European Region (see Additional file 5).
According to WHO definitions, the prevalence estimates

for stunted children include those who are severely stunted,
the prevalence estimates for underweight children include
those who are severely underweight, the prevalence esti-
mates for thin children include those who are severely
thin, and the prevalence estimates for overweight children
include those who are obese [16].
Children with biologically implausible (or extreme)

values were excluded from the analysis [18]: W/A values
below −6 or above +5 Z-scores; H/A values below −6
or above +6 Z-scores; and BMI/A values below −5 or
above +5 Z-scores relative to the 2007 WHO growth
reference median.

Statistical analysis
A P-value of 0.05 was used to define statistical signifi-
cance. All statistical analyses, except the Games-Howell
post hoc tests, were performed in Stata version 10.1
(StataCorp, College Station, TX, USA). The latter was
performed in SPSS version 20.0 (IBM, Armonk, NY, USA).

Round 2
Sampling weights to adjust for the applied sampling
design, oversampling and non-response rate of Round 2
were available for only four countries. For the other
countries, these could not be calculated for various reasons.
For instance, the registration of the children in schools and
classes was not entirely complete. Hence, the analyses were
performed unweighted. Means ± SDs were calculated for
all measurements (weight and height) and anthropometric
indices (BMI, W/A, H/A and BMI/A Z-scores) by age
group, sex and country. For each country-specific dataset,
these six continuous variables were tested by age group
for normality using normal quantile–quantile plots. Weight
and BMI were found to be highly positively skewed in all
datasets. They were therefore transformed to attain
normality and their transformed values were used for the
intercountry comparisons. Using the command ‘ladder’ in
Stata, the best option suggested was inverse transform-
ation for weight and 1/square transformation for BMI for
the majority of the datasets. Although the distribution of
W/A and BMI/A Z-scores was also skewed to the right,
the command ‘ladder’ showed no need to apply transfor-
mations to normalize them.
The homogeneity of variances was tested using Levene’s

test [20]. Since the data showed heterogeneity of variances
between countries and because of an unbalanced design
(unequal group sizes), the main effects of country and sex
and their interaction on all mean anthropometric values
was assessed using two-way analysis of variance (ANOVA),
with the Games-Howell post hoc test for the multiple com-
parisons between countries [21]. This was done separately
for all age groups because not every country had included
all age groups. In the case of an interaction effect, a
one-way ANOVA was performed to assess significant
differences across countries by sex and between sexes
by country for all four age groups.
Prevalence estimates are presented as percentages.

Within each age group, the chi-squared test was used to
determine differences in the prevalence estimates across
countries for the total group and for boys and girls
separately. If the chi-squared test was found significant,
the Marascuilo procedure was used for the multi-group
comparisons of proportions between countries [22]. In
addition a chi-squared test was used to determine the
statistical significance of differences in the prevalence esti-
mates between boys and girls within each age group as well
as to assess a linear trend in the prevalence estimates with
increasing age for the seven countries with multiple age
groups selected (Belgium, Greece, Ireland, Italy, Lithuania,
Slovenia and Spain).

Changes from Round 1 to Round 2
The absolute change in mean values for all measurements
(weight and height) and anthropometric indices (BMI,
W/A, H/A and BMI/A Z-scores) was calculated for the
nine countries that participated in both rounds (Belgium,
Czech Republic, Ireland, Italy, Latvia, Lithuania, Norway,
Portugal and Slovenia), by age group and sex. A two-way
ANOVA was applied to assess the interaction effect of
country and round on all mean anthropometric values, for
boys and girls separately. In the case of no significant
interaction effect, two-way ANOVA without the inter-
action term (additive model) was performed to assess the
main effects of country and round on the values. By age
group and for boys and girls separately, Levene’s test [20]
was applied to assess the homogeneity of variances be-
tween the two rounds. If a significant interaction effect
was found by the two-way ANOVA, the unpaired t-test



Wijnhoven et al. BMC Public Health 2014, 14:806 Page 5 of 16
http://www.biomedcentral.com/1471-2458/14/806
(equal variance) or the unpaired Welch’s t-test (unequal
variance) was performed to assess whether the difference
in mean values between the two rounds in each country
was statistically significant.
A z test for two independent proportions was used to

determine the statistical significance of differences in the
prevalence estimates between the two rounds by country
and age group.

Results
COSI Round 2 (2009/2010)
Weight, height, BMI, W/A, H/A and BMI/A Z-scores
Mean values for weight and W/A Z-score are presented
in Table 1, mean values for height and H/A Z-score in
Table 2 and mean values for BMI and BMI/A Z-score in
Table 3. All mean Z-scores were positive. Weight and
height increased with age and boys were taller and heavier
than girls in all age groups (where statistically significant
differences between boys and girls were found). Based on
the values found in countries that targeted multiple age
groups, BMI also increased with age (except in Italian
girls). Mean BMI/A Z-scores close to the +1 Z-score
curve values of the 2007 WHO growth reference were
found in three countries (Greece, Italy and Spain). Median
values of weight and BMI are available in Additional file 6.
Two-way ANOVA showed a statistically significant

interaction effect of country and sex on most anthropo-
metric values (BMI/A Z-score for each of the four age
groups (P < 0.05); inverse-transformed weight (P < 0.001),
W/A Z-score (P < 0.0001) and 1/square-transformed BMI
(P < 0.0001) for the 7-, 8- and 9-year-old groups; H/A
Z-score for the 8-year-old group (P < 0.05) and height
for the 8- and 9-year-old groups (P < 0.05)). Because
significant results were found in all age groups, one-way
ANOVA analyses were performed to assess within each
age group the country effect for boys and girls separately
and the sex effect for each country separately. Results
from the one-way ANOVA analyses are also presented in
Tables 1, 2 and 3. The main effect of country (P < 0.0001)
on all mean values and the main effect of sex (P < 0.05) on
most mean values were statistically significant. Subse-
quently, Games-Howell post hoc tests were performed for
boys and girls separately within each age group to study the
differences between countries in more detail (countries
within each sex-age group that share the same superscript
letter do not statistically significantly differ from each
other).
Based on mean BMI/A Z-score values, three categories

of countries could be determined. One group of countries
(Belgium, Czech Republic, Hungary, Latvia, Lithuania and
Norway) consistently had values (in both boys and girls as
well as in multiple age groups when applicable) between
the expected 2007 WHO growth reference value and 0.5
SD away from this reference median value. A second
group of countries (Greece, Italy, Portugal and Spain)
consistently had values more than 0.5 SD away from the
2007 WHO growth reference median. The third group
consisted of countries that could not easily be catego-
rized in one of these two groups, because the mean
BMI/A Z-score value of boys was more than 0.5 SD
while the value of girls was less than 0.5 SD away from
the median of the growth reference population (the
former Yugoslav Republic of Macedonia) or the values
differed across age groups (Ireland and Slovenia).

Prevalence of stunting, underweight and thinness
Stunting, underweight and thinness were rare in all
countries. Most values for severe stunting, severe under-
weight and severe thinness were below 0.2%. All values for
stunting and underweight and most values for thinness
were below 2.3%. Values for thinness greater than 2.3%,
but still close to what is expected in a normally distributed
population, were found in Lithuanian 9-year-old girls
(3.2%), Slovenian 6-year-old boys (3.1%), Slovenian 7-
year-old boys (2.9%) and girls (2.4%) and 7-year-old
boys and girls (both 2.5%) of the former Yugoslav Republic
of Macedonia.

Prevalence of overweight and obesity
Table 4 presents the proportions of overweight and
obese boys and girls in each age group and country,
based on both the WHO and IOTF definitions. In the
six countries with a mean BMI/A Z-score value between
the expected reference median value and 0.5 SD away
from this value, the prevalence of overweight (including
obesity and based on WHO definitions) varied from 18%
to 29% (IOTF: 11 − 19%) in boys and from 18% to 28%
(IOTF: 15 − 24%) in girls, and the prevalence of obesity
varied from 6% to 14% (IOTF: 3 − 7%) in boys and from
5% to 10% (IOTF: 4 − 8%) in girls. In the four countries
with BMI/A Z-score values more than 0.5 SD away from
the 2007 WHO growth reference median, the prevalence
of overweight varied from 32% to 57% (IOTF: 23 − 45%)
in boys and from 35% to 50% (IOTF: 30 − 42%) in girls,
whereas the prevalence of obesity varied from 14% to
31% (IOTF: 8 − 15%) in boys and from 12% to 21%
(IOTF: 8 − 15%) in girls.
The chi-squared test comparing the prevalence esti-

mates across countries was significant for all age groups
(P < 0.001 for boys and girls separately). The Marascuilo
procedure was then used to study country differences
for each age group (see Table 4; countries within each
sex-age group that share the same superscript letter do
not statistically significantly differ from each other).
Based on WHO definitions, the observed linear in-

creasing trend in the prevalence of overweight with
increasing age was significant for Belgian boys and girls
(both P < 0.001), Greek boys (P < 0.001) and girls (P < 0.01),



Table 1 Weight and weight-for-age Z-scores* of boys and girls aged 6–9 years in COSI Round 2 (2009/2010), by age
and country¶

Age group and country‡ Weight# (kg) W/A Z-score

Boys Girls Boys Girls

Mean (SD)

6-year-olds † † † †

BEL 23.0 (3.7)§a 22.7 (3.9)a 0.35 (1.06)a 0.33 (1.00)a

SVN 24.9 (4.6)§b 24.4 (4.6)b 0.70 (1.20)§b 0.62 (1.10)b

ESP 24.9 (4.6)§b 24.5 (4.6)b 0.81 (1.19)b 0.72 (1.09)c

7-year-olds † † † †

BEL 25.8 (5.0)§a 25.7 (5.4)a 0.40 (1.20)a 0.40 (1.13)a

CZE 26.0 (4.8)§ab 25.3 (5.1)a 0.63 (1.17)§bc 0.51 (1.12)abc

GRC 29.5 (5.8)§c 29.1 (6.1)b 1.17 (1.27)§d 1.05 (1.15)d

HUN 26.7 (5.5)bde 26.4 (5.8)ac 0.57 (1.28)ab 0.54 (1.22)abc

IRL 26.0 (4.2)§ad 25.6 (4.6)ac 0.53 (1.04)ab 0.51 (1.02)abc

LVA 27.4 (5.3)§fg 26.5 (5.3)cd 0.63 (1.18)§b 0.45 (1.08)ac

LTU 27.6 (5.3)§f 27.0 (5.5)d 0.68 (1.17)§bc 0.55 (1.09)bc

PRT 27.0 (5.5)deg 27.2 (5.7)de 0.61 (1.25)b 0.66 (1.15)be

SVN 27.8 (5.7)§f 27.1 (5.8)d 0.78 (1.25)§c 0.64 (1.14)b

ESP 28.5 (5.7)§h 27.9 (5.8)e 0.96 (1.24)§e 0.81 (1.13)e

MKD 27.6 (6.4)§ef 26.5 (6.4)c 0.70 (1.46)§bc 0.50 (1.32)ac

8-year-olds † † † †

BEL 29.3 (5.5)§a 29.1 (5.9)a 0.45 (1.10)§a 0.40 (1.06)a

ITA 32.3 (7.3)§b 31.6 (7.3)b 0.90 (1.31)§b 0.70 (1.22)b

NOR 30.2 (5.7)§c 29.6 (5.6)c 0.69 (1.11)§c 0.56 (1.00)c

SVN 31.8 (7.0)§d 31.1 (7.1)b 0.90 (1.26)§b 0.72 (1.16)b

ESP 31.7 (6.4)bd 31.5 (6.7)b 0.91 (1.18)§b 0.79 (1.12)b

9-year-olds † † † †

BEL 32.8 (7.3)a 32.9 (7.6)a 0.46 (1.18)§a 0.36 (1.18)a

GRC 38.4 (8.9)§b 37.6 (9.1)b 1.30 (1.21)§b 1.02 (1.23)b

IRL 33.0 (6.3)§ac 32.2 (6.9)a 0.63 (1.05)§c 0.37 (1.13)ac

ITA 33.9 (7.8)§c 32.9 (7.6)a 0.79 (1.28)§d 0.53 (1.21)c

LTU 34.7 (7.5)§d 33.7 (7.3)c 0.66 (1.12)§c 0.40 (1.09)a

SVN 34.2 (7.9)cd 33.8 (8.0)c 0.85 (1.24)§de 0.68 (1.23)d

ESP 35.9 (7.7)§e 35.2 (7.7)d 0.97 (1.13)§e 0.73 (1.12)d

Abbreviations: ANOVA analysis of variance, COSI Childhood Obesity Surveillance Initiative, SD standard deviation,W/A weight-for-age, WHOWorld Health Organization.
*Based on the 2007 WHO growth reference for school-age children and adolescents [17].
¶Body weight was adjusted for clothes worn when measured and children with a W/A Z-score < −6 or > +5 were excluded.
‡The country codes refer to the International Organization for Standardization (ISO) 3166–1 Alpha-3 country codes and countries were listed in alphabetical order
by their full names: BEL, Belgium (Flanders); CZE, Czech Republic; GRC, Greece; HUN, Hungary; IRL, Ireland; ITA, Italy; LVA, Latvia; LTU, Lithuania; NOR, Norway; PRT,
Portugal (all regions except Madeira); SVN, Slovenia; ESP, Spain; MKD, the former Yugoslav Republic of Macedonia.
#Non-normally distributed and underwent inverse transformation prior to ANOVA and Games-Howell post hoc tests.
†Statistically significant difference of mean value across countries for the indicated age group (one-way ANOVA; P < 0.0001).
§Statistically significant difference of mean value between boys and girls for the indicated country (one-way ANOVA; P ≤ 0.05).
a,b,c,d,e,f,g,hWithin each sex-age group (e.g. 6-year-old girls), mean values that share the same superscript letter do not statistically significantly differ from each other
(Games-Howell post hoc test). For example, for the 6-year-old girls, each mean W/A Z-score value is significantly different from the other two whereas the value of
Belgian 6-year-old boys differed significantly from the other two and no significant difference was found between Slovenian and Spanish 6-year-old boys.
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Irish boys (P < 0.05), Slovenian boys and girls (both
P < 0.001) and Spanish boys (P < 0.001) and girls (P < 0.01).
The increasing obesity trend with increasing age was
significant in Belgian boys and girls (both P < 0.001),
Greek boys (P < 0.001), Slovenian boys and girls (both
P < 0.001) and Spanish boys (P = 0.001). The observed



Table 2 Height and height-for-age Z-scores* of boys and girls aged 6–9 years in COSI Round 2 (2009/2010), by age
and country¶

Age group and country‡ Height (cm) H/A Z-score

Boys Girls Boys Girls

Mean (SD)

6-year-olds † † † †

BEL 120.5 (5.3)§a 119.6 (5.3)a 0.36 (0.99)§a 0.34 (0.95)a

SVN 124.4 (5.3)§b 123.5 (5.5)b 0.87 (0.99)b 0.88 (0.99)b

ESP 121.4 (5.5)§c 120.5 (5.5)c 0.45 (1.01)c 0.41 (1.00)a

7-year-olds † † † †

BEL 125.6 (6.0)§a 124.7 (6.0)a 0.32 (1.02)§a 0.29 (1.00)a

CZE 126.0 (5.4)§abc 124.8 (5.7)abc 0.65 (1.00)bcde 0.57 (1.04)bc

GRC 128.5 (5.8)§d 127.8 (5.9)de 0.71 (1.07)bf 0.70 (1.03)cd

HUN 127.2 (5.9)§ef 126.0 (5.9)f 0.56 (1.07)beg 0.51 (1.04)be

IRL 125.5 (5.2)§ac 123.8 (5.4)b 0.35 (0.93)ah 0.23 (0.96)af

LVA 128.7 (5.6)§d 127.3 (5.7)d 0.62 (1.00)§be 0.51 (0.98)be

LTU 129.5 (5.7)§g 128.6 (5.8)g 0.76 (1.02)cf 0.72 (1.00)d

PRT 126.4 (5.5)§bce 125.5 (5.7)cf 0.35 (0.97)ah 0.33 (0.98)af

SVN 129.0 (5.5)§dg 128.1 (5.6)eg 0.81 (0.95)f 0.78 (0.95)d

ESP 127.1 (5.6)§ef 126.0 (5.7)f 0.47 (0.98)gh 0.40 (0.96)ef

MKD 127.3 (6.4)§f 126.2 (6.4)f 0.52 (1.16)deg 0.48 (1.11)be

8-year-olds † † † †

BEL 132.6 (5.9)§a 131.8 (6.0)a 0.48 (0.98)§a 0.41 (0.98)ab

ITA 133.1 (6.0)§b 132.0 (6.1)b 0.41 (1.00)§b 0.29 (1.01)c

NOR 133.1 (5.7)§bc 131.8 (5.8)ab 0.63 (0.96)§c 0.48 (0.94)a

SVN 134.4 (5.8)§d 133.6 (5.8)c 0.76 (0.95)§d 0.68 (0.94)d

ESP 132.4 (6.0)§ac 131.8 (5.9)ab 0.42 (0.99)ab 0.37 (0.96)bc

9-year-olds † † † †

BEL 137.3 (6.5)§a 136.9 (6.8)a 0.40 (1.01)§a 0.28 (1.03)a

GRC 139.9 (6.7)§b 139.3 (6.7)b 0.74 (1.07)§b 0.59 (1.07)b

IRL 136.5 (5.8)§c 134.9 (6.5)c 0.37 (0.94)§ac 0.11 (1.04)c

ITA 135.6 (6.0)§c 134.7 (6.3)c 0.32 (0.99)§c 0.15 (1.02)c

LTU 140.5 (6.3)§b 139.9 (6.4)b 0.72 (1.00)§b 0.57 (0.99)b

SVN 137.7 (6.0)§a 137.0 (6.2)a 0.67 (0.99)§b 0.55 (1.02)b

ESP 137.8 (6.2)§a 136.9 (6.6)a 0.43 (0.96)§a 0.25 (0.99)ac

Abbreviations: ANOVA analysis of variance, COSI Childhood Obesity Surveillance Initiative, H/A height-for-age, SD standard deviation, WHO World
Health Organization.
*Based on the 2007 WHO growth reference for school-age children and adolescents [17].
¶Children with a H/A Z-score < −6 or > +6 were excluded.
‡The country codes refer to the International Organization for Standardization (ISO) 3166–1 Alpha-3 country codes and countries were listed in alphabetical order
by their full names: BEL, Belgium (Flanders); CZE, Czech Republic; GRC, Greece; HUN, Hungary; IRL, Ireland; ITA, Italy; LVA, Latvia; LTU, Lithuania; NOR, Norway; PRT,
Portugal (all regions except Madeira); SVN, Slovenia; ESP, Spain; MKD, the former Yugoslav Republic of Macedonia.
†Statistically significant difference of mean value across countries for the indicated age group (one-way ANOVA; P < 0.0001).
§Statistically significant difference of mean value between boys and girls for the indicated country (one-way ANOVA; P < 0.05).
a,b,c,d,e,f,g,hWithin each sex-age group (e.g. 6-year-old boys), mean values that share the same superscript letter do not statistically significantly differ from each
other (Games-Howell post hoc test). For example, for the 6-year-old boys, each mean H/A Z-score value is significantly different from the other two whereas the
value of Slovenian 6-year-old girls differed significantly from the other two and no significant difference was found between Belgian and Spanish 6-year-old girls.
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decreasing trend in Italy with increasing age was signifi-
cant for overweight and obesity in girls (P < 0.001). Fewer
statistically significant results were found when perform-
ing the analyses based on IOTF definitions.
Figure 1 illustrates the geographical distribution of the
prevalence of overweight and obesity found in Round 2 in
13 countries, grouped by subregions, of the WHO European
Region (sexes combined and based on WHO definitions).



Table 3 BMI and BMI-for-age Z-scores* of boys and girls aged 6–9 years in COSI Round 2 (2009/2010), by age
and country¶

Age group and country‡ BMI# (kg/m2) BMI/A Z-score

Boys Girls Boys Girls

Mean (SD)

6-year-olds † † † †

BEL 15.8 (1.7)a 15.8 (1.9)a 0.16 (1.08)a 0.16 (1.02)a

SVN 16.0 (2.2)a 15.9 (2.2)a 0.21 (1.34)a 0.15 (1.16)a

ESP 16.8 (2.2)b 16.8 (2.4)b 0.78 (1.25)§b 0.66 (1.15)b

7-year-olds † † † †

BEL 16.3 (2.2)a 16.4 (2.5)a 0.27 (1.23)a 0.29 (1.14)a

CZE 16.3 (2.3)ab 16.2 (2.4)a 0.31 (1.29)ab 0.23 (1.16)ab

GRC 17.7 (2.7)c 17.7 (2.8)b 1.06 (1.31)§c 0.90 (1.15)c

HUN 16.4 (2.5)abde 16.5 (2.7)ac 0.30 (1.37)ab 0.33 (1.23)abd

IRL 16.5 (2.0)def 16.6 (2.1)cd 0.46 (1.05)bd 0.50 (1.00)de

LVA 16.5 (2.3)§abeg 16.2 (2.4)a 0.34 (1.25)§ab 0.18 (1.12)b

LTU 16.4 (2.4)§abe 16.2 (2.5)a 0.31 (1.27)§ab 0.17 (1.15)b

PRT 16.8 (2.5)§f 17.1 (2.7)de 0.56 (1.28)d 0.64 (1.15)ef

SVN 16.6 (2.6)§beg 16.4 (2.6)a 0.40 (1.38)§bd 0.25 (1.22)ab

ESP 17.5 (2.7)c 17.4 (2.7)be 0.94 (1.31)§c 0.76 (1.18)cf

MKD 16.9 (2.9)§fg 16.5 (2.9)a 0.55 (1.54)§d 0.29 (1.33)ab

8-year-olds † † † †

BEL 16.5 (2.3)§a 16.7 (2.5)a 0.21 (1.17)a 0.22 (1.09)a

ITA 18.1 (3.1)§b 18.0 (3.2)b 0.89 (1.37)§b 0.70 (1.23)b

NOR 16.9 (2.5)c 16.9 (2.3)c 0.43 (1.23)c 0.39 (1.01)c

SVN 17.5 (3.0)§d 17.3 (3.0)c 0.64 (1.37)§d 0.46 (1.22)c

ESP 18.0 (2.7)b 18.0 (2.9)b 0.92 (1.23)§b 0.77 (1.11)b

9-year-olds † † † †

BEL 17.3 (2.9)a 17.4 (3.0)a 0.31 (1.28)§a 0.26 (1.19)a

GRC 19.5 (3.5)§b 19.2 (3.6)b 1.26 (1.26)§b 0.93 (1.23)b

IRL 17.6 (2.5)c 17.5 (2.8)ac 0.58 (1.09)§c 0.41 (1.09)ac

ITA 18.3 (3.3)§d 18.0 (3.2)c 0.83 (1.38)§d 0.57 (1.22)d

LTU 17.5 (2.9)§c 17.1 (2.8)d 0.37 (1.23)§a 0.09 (1.16)e

SVN 17.8 (3.1)c 17.9 (3.4)c 0.64 (1.32)§c 0.51 (1.25)cd

ESP 18.8 (3.1)e 18.6 (3.2)e 1.00 (1.21)§e 0.76 (1.13)f

Abbreviations: ANOVA analysis of variance, BMI body mass index, BMI/A BMI-for-age, COSI Childhood Obesity Surveillance Initiative, SD standard deviation, WHO
World Health Organization.
*Based on the 2007 WHO growth reference for school-age children and adolescents [17].
¶Body weight was adjusted for clothes worn when measured and children with a BMI/A Z-score < −5 or > +5 were excluded.
‡The country codes refer to the International Organization for Standardization (ISO) 3166–1 Alpha-3 country codes and countries were listed in alphabetical order
by their full names: BEL, Belgium (Flanders); CZE, Czech Republic; GRC, Greece; HUN, Hungary; IRL, Ireland; ITA, Italy; LVA, Latvia; LTU, Lithuania; NOR, Norway; PRT,
Portugal (all regions except Madeira); SVN, Slovenia; ESP, Spain; MKD, the former Yugoslav Republic of Macedonia.
#Non-normally distributed and underwent 1/square transformation prior to ANOVA and Games-Howell post hoc tests.
†Statistically significant difference of mean value across countries for the indicated age group (one-way ANOVA; P < 0.0001).
§Statistically significant difference of mean value between boys and girls for the indicated country (one-way ANOVA; P < 0.05).
a,b,c,d,eWithin each sex-age group (e.g. 9-year-old boys), mean values that share the same letter superscript do not statistically significantly differ from each other
(Games-Howell post hoc test). For example, for the 9-year-old boys, the mean BMI/A Z-scores of Greek, Italian and Spanish boys significantly differ from the other
six, whereas the values of Belgian and Lithuanian boys do not differ significantly from each other as well as the values of Irish and Slovenian boys.
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Table 4 Prevalence of overweight (including obesity) and obesity in boys and girls aged 6–9 years in COSI Round 2
(2009/2010), by age and country
Age group and country‡ Prevalence of overweight (including obesity) Prevalence of obesity

WHO definition# IOTF definition* WHO definition# IOTF definition*

Boys Girls Boys Girls Boys Girls Boys Girls

%

6-year-olds° † † † † † † † †

BEL 18.0a 18.2a 10.8a 15.1a 5.8a 5.2a 2.8a 4.2a

SVN 23.5b 21.7b 16.5b 18.3b 10.0b 6.8b 5.2b 5.8b

ESP 38.2c 34.5c 25.6c 30.0c 15.1c 12.8c 8.7c 9.9c

7-year-olds°° † † † † † † † †

BEL 23.1a 24.1a 15.4a 20.3a 9.5a 8.5ab 5.1a 6.8ab

CZE 24.4ab 23.7a 17.5ab 19.3a 10.7ab 7.3ab 5.0a 5.9ab

GRC 48.9c 44.8b 38.1c 39.9b 23.9c 18.6c 13.6b 14.3c

HUN 25.1ad 28.2ac 18.9abd 23.9ac 14.2abde 10.3abd 6.7ac 8.2abc

IRL 25.7ad 30.0acd 15.7ab 24.9ac 8.6ab 6.9ab 4.1a 4.7a

LVA 24.5ae 22.2a 15.9ab 17.8a 10.8ab 7.5ab 5.2a 5.3a

LTU 24.4ae 21.0a 16.0ab 17.7a 9.5ab 7.1a 5.0a 5.6a

PRT 31.5bde 36.2bcd 22.7bd 30.5cd 14.2abcde 12.2abcd 7.9ac 9.6abc

SVN 29.6bde 24.8a 21.1bd 21.2a 13.5be 9.4ab 7.1ac 6.7ab

ESP 44.6c 40.4bd 33.5ce 36.6bd 21.0cd 14.7cd 11.5bc 10.5bc

MKD 34.0d 27.4a 26.2de 22.9ac 18.2de 12.1bd 10.9c 9.6abc

8-year-olds°° † † † † † † † †

BEL 21.9a 22.4a 14.2a 17.8a 7.9a 6.7a 3.6a 4.6a

ITA 44.8b 40.4b 33.9b 34.4b 22.8b 16.0b 11.6b 11.3b

NOR 29.2c 26.2a 18.6c 21.5c 11.6c 6.2a 4.9a 3.5a

SVN 36.1d 32.0c 26.5d 26.6d 17.6d 11.9bc 8.5c 8.5c

ESP 45.3b 41.0b 33.0b 34.4b 20.0bd 14.7c 8.3c 9.2bc

9-year-olds°°° † † † † † † † †

BEL 27.3a 26.6a 18.7a 21.8a 11.2a 9.0a 5.1a 5.9a

GRC 57.2b 50.0b 45.1b 42.3b 30.5b 20.8b 14.7b 14.6b

IRL 32.2ac 30.3ac 19.7ac 23.1acd 10.3a 6.8ac 4.5ac 4.8ac

ITA 43.8d 37.4cd 32.9d 31.4e 21.9c 13.0d 10.1d 8.4d

LTU 27.3a 21.3e 17.8a 16.9c 11.3a 5.9c 4.7a 4.1a

SVN 36.8c 33.6cd 25.7c 29.1de 17.0d 13.6d 8.0acd 9.8bcd

ESP 48.9d 42.2bd 34.1d 35.4be 22.3cd 14.6d 9.5cd 10.0bd

Abbreviations: BMI body mass index, BMI/A BMI-for-age, COSI Childhood Obesity Surveillance Initiative, IOTF International Obesity Task Force, WHO World
Health Organization.
‡The country codes refer to the International Organization for Standardization (ISO) 3166–1 Alpha-3 country codes and countries were listed in alphabetical order
by their full names: BEL, Belgium (Flanders); CZE, Czech Republic; GRC, Greece; HUN, Hungary; IRL, Ireland; ITA, Italy; LVA, Latvia; LTU, Lithuania; NOR, Norway; PRT,
Portugal (all regions except Madeira); SVN, Slovenia; ESP, Spain; MKD, the former Yugoslav Republic of Macedonia.
#Prevalence estimates were based on the 2007 WHO recommended growth reference for school-age children and adolescents [17]. Body weight was adjusted for
clothes worn when measured and children with a BMI/A Z-score < −5 or > +5 were excluded. Overweight and obesity were defined as the proportion of children
with a BMI/A value above +1 Z-score and above +2 Z-scores, respectively.
*Prevalence estimates were based on the IOTF recommended growth reference for school-age children and adolescents [19]. Body weight was adjusted for clothes
worn when measured and children with a BMI/A Z-score < −5 or > +5 were excluded (based on the 2007 WHO growth reference [17]). Overweight and obesity
were defined by using cut-off points for BMI, passing through 25 kg/m2 and 30 kg/m2 by the age of 18 years, respectively.
†Statistically significant difference of proportions across countries for the indicated age group (Chi-squared test; P < 0.001).
°Statistically significant difference of proportions between boys and girls for overweight (based on IOTF definition only) and for obesity (based on WHO and IOTF
definitions) (Chi-squared test; P < 0.001).
°°Statistically significant difference of proportions between boys and girls for overweight and obesity (based on WHO and IOTF definitions) (Chi-squared test; P < 0.05).
°°°Statistically significant difference of proportions between boys and girls for overweight (based on WHO and IOTF definitions) and for obesity (based on WHO
definitions only) (Chi-squared test; P < 0.05).
a,b,c,d,eWithin each sex-age group (e.g. 6-year-old boys), proportions that share the same superscript letter do not statistically significantly differ from each other (Marascuilo
procedure). For example, for the 6-year-old boys and girls, each overweight or obesity prevalence estimate is significantly different from the other two.
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Figure 1 Geographical distribution of the prevalence of overweight (including obesity) (1A) and obesity (1B) in children aged 6–9
years (sexes combined) of COSI Round 2 (2009/2010), based on WHO definitions‡. Abbreviations: COSI, Childhood Obesity Surveillance
Initiative; MKD, the former Yugoslav Republic of Macedonia; WHO, World Health Organization. ‡Prevalence estimates were based on the 2007
WHO recommended growth reference for school-age children and adolescents [17]. Children with a body mass index-for-age Z-score < −5
or > +5 were excluded. Belgium represents Flanders only and Portugal represents all regions except Madeira. WHO European Member States are
grouped into eight geographic subregions to facilitate comparative analysis and interpretation. None of the central Asian republics or the
Commonwealth of Independent States participated in Round 2, and thus these two subregions are excluded from both figures. *MKD is the
International Organization for Standardization (ISO) 3166–1 Alpha-3 country code for the former Yugoslav Republic of Macedonia.
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Changes from COSI Round 1 (2007/2008) to COSI Round 2
(2009/2010)
The absolute change in mean values of weight, height
and BMI from Round 1 to Round 2 is presented in
Table 5 and the absolute change in mean values of W/A,
H/A and BMI/A Z-score in Table 6. The direction
(increase, decrease or no change) and magnitude of this
change differed by country, which is shown by the results
of the two-way ANOVA with interaction (country*round).
This analysis showed statistically significant results for
almost all mean values of BMI (Table 5) and BMI/A
Z-score (Table 6). Two-way ANOVA using the additive
model was then applied for the mean values with no
statistical significant interaction effect. The main effect
of country (P < 0.0001) on all these values except for
weight in 9-year-old girls were statistically significant.
The main effect of data collection round (P < 0.05) on
all weight, BMI and BMI/A Z-score values as well as on
one W/A Z-score (6-year-old boys) and some H/A Z-score
(7-year-old boys and 9-year-old girls) values were statisti-
cally significant. The unpaired t-test showed statistically
significant difference in the change in mean values between
the two rounds in some age-sex groups in some countries.
When this difference was statistically significant for both
boys and girls, the direction of the change was the same
for both sexes.
The absolute change in overweight and obesity preva-

lence estimates (based on WHO definitions [17]) from
Round 1 to Round 2 is presented in Table 7. The preva-
lence of overweight (including obesity) statistically sig-
nificantly decreased in Belgian 6-year-old boys, Italian
8-year-old boys and girls, Italian 9-year-old boys,
Portuguese 7-year-old boys, Slovenian 6- and 7-year-old
boys and Slovenian 7-year-old girls. A statistically sig-
nificant absolute increase in overweight prevalence
was observed in Latvian 7-year-old girls and Norwegian
8-year-old boys. The prevalence of obesity statistically
significantly decreased in Italian 8-year-old boys, Italian
9-year-old boys and girls and Slovenian 7-year-old boys.
A statistically significant absolute increase in obesity
prevalence was observed in Latvian 7-year-old boys and
girls and Norwegian 8-year-old boys.

Discussion
COSI Round 2 (2009/2010)
When adjusting weight (Table 1) and height (Table 2)
for age, positive W/A and H/A Z-score values were found
in all countries. This means that the country values were
higher than the population median values of the 2007
WHO growth reference [17] and thus the COSI children
were heavier and taller than the reference population.
All country mean BMI/A Z-score values (Table 3)

were positive − thus higher than the 2007 WHO growth
reference population [17] − but varied largely among the
countries. Grouping of countries on the basis of having or
not having a mean value of 0.5 SD away from the refer-
ence median suggests the presence of a north–south
gradient with the highest BMI/A Z-score values found
in southern European countries. Categorization of coun-
tries based on prevalence estimates (regardless of WHO
or IOTF definitions) showed similar groups of countries.
These findings also suggest the presence of a north–south
gradient with the highest overweight and obesity preva-
lence estimates noted in southern European countries. A
north–south gradient was also observed in COSI Round 1
[5] as well as in other European-wide studies carried out
among adolescents in 2010 [23,24].
Possible explanations for the apparent north–south

gradient remain unclear. Studies carried out in European
children [25] and adolescents [26] suggest that shortness
(low H/A) might be one of the explanations. The mean
H/A Z-score values found in Italy, Portugal and Spain
(but not those in Greece) were indeed significantly lower
(but still higher than the growth reference values) than
the values of almost all other countries. Other suggested
explanations concern, among others, birth weight [27,28],
sleep duration [29], dietary [23] or physical activity pat-
terns [23], which seem to vary among children by country
or subregion in Europe as well. To what extent these vari-
ables can explain the overweight north–south gradient
found in COSI surveys would need to be explored further.
Information was collected by some COSI countries and
will be published elsewhere.
Stunting, thinness and underweight were rare among

the 6 − 9-year-olds in any of the COSI countries. It is,
however, uncertain whether these results found in the
COSI countries can be generalized to the entire WHO
European Region because no comparable studies in
other countries could be found that collected data on
these indicators for the same age range in 2009 or later.
But studies done among younger children (0 − 5-year-olds)
showed that stunting is considerable in some countries in
the WHO European Region (Armenia, 19.3% overall and
36.5% in Syunik [30]; Bosnia and Herzegovina, 8.9% overall
and 9.9% in the Federation of Bosnia and Herzegovina
[31]; Kazakhstan, 13.1% overall and 36.2% in Aktobe
Oblast [32]; Serbia, 6.6% overall and 8.3% in Belgrade
[33]; and the former Yugoslav Republic of Macedonia,
4.9% overall and 13.3% in southwest region [34] (based
on measured weight and height and the 2006 WHO
child growth standards [35]).

Changes from COSI Round 1 (2007/2008) to Round 2
(2009/2010)
In two years, the change within country in mean weight
varied from a decrease of −0.9 kg to an increase of +0.6 kg
and the change in mean height varied from a decrease
of −1.0 cm to an increase of +0.6 cm (Table 5). The



Table 5 Absolute change in mean values of weight, height and BMI of boys and girls aged 6–9 years from COSI Round
1 (2007/2008) to COSI Round 2 (2009/2010), by age and country

Age group and country‡ Weight¶ (kg) Height* (cm) BMI# (kg/m2)

Boys Girls Boys Girls Boys Girls

6-year-olds§ NS NS P < 0.01 P < 0.0001 P < 0.05 P < 0.01

BEL - 0.2°°°° - 0.1°°°° - 0.2°°° - 0.2°°°° - 0.1°°°° 0

SVN - 0.1 - 0.2 + 0.4° + 0.6°° - 0.2°° - 0.3°°°

7-year-olds§ P < 0.05 P < 0.01 P < 0.001 P = 0.0001 P < 0.01 P < 0.05

BEL - 0.1 - 0.4°°°° - 0.3°° - 0.6°°°° 0 - 0.1

CZE + 0.2 + 0.4 - 0.2 - 0.2 + 0.1 + 0.3

IRL - 0.7°° - 0.9°° - 1.0°°° - 1.0°°° - 0.2 - 0.3°

LVA + 0.2 + 0.2 + 0.2 - 0.1 0 + 0.1

LTU 0 0 + 0.3 0 - 0.1 0

PRT - 0.4 + 0.1 + 0.5 + 0.4 - 0.4°° 0

SVN - 0.4° - 0.3 0 0 - 0.2°° - 0.2°

8-year-olds§ P < 0.0001 P < 0.05 NS P < 0.05 P < 0.0001 P < 0.05

BEL - 0.1° - 0.1° - 0.1° - 0.1° 0 0

ITA - 0.6°°°° - 0.1 + 0.1 + 0.3° - 0.4°°°° - 0.1

NOR + 0.6°° + 0.4 - 0.1 0 + 0.3°°° + 0.2°

SVN + 0.3 + 0.3 + 0.3 + 0.2 + 0.1 + 0.1

9-year-olds§ NS NS P < 0.05 P < 0.05 P < 0.01 NS

BEL - 0.3°° - 0.4°°° - 0.4°°°° - 0.4°°° 0 - 0.1°°

ITA - 0.5° - 0.5° + 0.1 + 0.1 - 0.3°° - 0.3°°

Abbreviations: ANOVA analysis of variance, BMI body mass index, COSI Childhood Obesity Surveillance Initiative, BMI/A BMI-for-age, H/A height-for-age, NS not sig-
nificant, W/A weight-for-age.
‡The country codes refer to the International Organization for Standardization (ISO) 3166–1 Alpha-3 country codes and countries were listed in alphabetical order
by their full names: BEL, Belgium (Flanders); CZE, Czech Republic; IRL, Ireland; ITA, Italy; LVA, Latvia; LTU, Lithuania; NOR, Norway; PRT, Portugal (all regions except
Madeira); SVN, Slovenia.
¶Body weight was adjusted for clothes worn when measured and children with a W/A Z-score < −6 or > +5 were excluded.
*Children with a H/A Z-score < −6 or > +6 were excluded.
#Body weight was adjusted for clothes worn when measured and children with a BMI/A Z-score < −5 or > +5 were excluded.
§Significance level of the two-way ANOVA to assess the interaction effect of country and round on the change in mean values for the indicated age-sex group.
°Statistically significant difference of mean values between the two rounds for the indicated age-sex group (unpaired t-test (equal variance) or unpaired Welch’s
t-test (unequal variance); P < 0.05).
°°Statistically significant difference of mean values between the two rounds for the indicated age-sex group (unpaired t-test (equal variance) or unpaired Welch’s
t-test (unequal variance); P < 0.01).
°°°Statistically significant difference of mean values between the two rounds for the indicated age-sex group (unpaired t-test (equal variance) or unpaired Welch’s
t-test (unequal variance); P ≤ 0.001).
°°°°Statistically significant difference of mean values between the two rounds for the indicated age-sex group (unpaired t-test (equal variance) or unpaired Welch’s
t-test (unequal variance); P ≤ 0.0001).
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observed range of the country weight and height differences
is nevertheless plausible. No statistically significant variation
in the change in mean W/A Z-score and H/A Z-score
values was found across the countries in most age groups
(Table 6), which suggest the presence of the same weight
and height (adjusted for age) developments in the COSI
countries. This was not the case for BMI.
The absolute change in mean BMI ranged from a

statistically significant decrease of −0.4 kg/m2 (Italy and
Portugal) to a statistically significant increase of +0.3 kg/m2

(Norway). There was variation in the change in mean BMI
across the countries in the 6-, 7- and 8-year-old age groups
and the variation remained statistically significant when
BMI was adjusted for age (Table 6). A significant decrease
of 0.10 BMI/A Z-score per year was observed in
Portuguese boys. Interestingly, a statistically significant
decrease was observed in southern European countries
with higher absolute BMI/A Z-scores (Italy, Portugal and
Slovenia) and an increase in the group of countries with
lower absolute BMI/A Z-score values (Czech Republic
and Norway). Countries with higher prevalence of
overweight in Round 1 (e.g. Italy and Portugal) [5]
showed a decrease in prevalence (but still had among
the highest estimates in Round 2), and the country with
lower prevalence in Round 1 (e.g. Latvia and Norway) [5]
showed an increase in prevalence (but still had a lower
estimate than the countries that showed the highest
decrease from Round 1 to Round 2). Changes could only



Table 6 Absolute change in mean values of weight-for-age, height-for-age and BMI-for-age Z-scores of boys and girls
aged 6–9 years from COSI Round 1 (2007/2008) to COSI Round 2 (2009/2010), by age and country

Age group and country‡ W/A Z-score¶ H/A Z-score* BMI/A Z-score#

Boys Girls Boys Girls Boys Girls

6-year-olds§ NS NS NS P < 0.01 P < 0.05 P < 0.01

BEL - 0.02° - 0.01 + 0.01 0 - 0.04°°°° - 0.02°

SVN - 0.06 - 0.05 + 0.05 + 0.10°° - 0.14°° - 0.13°°°

7-year-olds§ NS NS NS NS P < 0.001 P < 0.05

BEL + 0.02 - 0.02 + 0.03 - 0.01 0 - 0.03

CZE + 0.06 + 0.09 - 0.02 0 + 0.09 + 0.14°

IRL - 0.03 - 0.04 + 0.01 + 0.03 - 0.05 - 0.07

LVA + 0.02 0 + 0.03 - 0.05 - 0.01 + 0.02

LTU + 0.02 - 0.01 + 0.07° 0 - 0.05 - 0.02

PRT - 0.09 + 0.02 + 0.10° + 0.05 - 0.21°°° - 0.01

SVN - 0.09°° - 0.07° 0 + 0.01 - 0.14°°° - 0.10°°

8-year-olds§ P = 0.0001 NS NS NS P < 0.0001 P < 0.05

BEL - 0.01 0 0 + 0.01 - 0.02 - 0.01

ITA - 0.11°°° - 0.02 + 0.02 + 0.05° - 0.16°°°° - 0.05°

NOR + 0.10° + 0.08 - 0.03 0 + 0.14°° + 0.11°°

SVN + 0.01 - 0.01 - 0.01 - 0.04 + 0.01 0

9-year-olds§ P < 0.05 NS NS NS P < 0.01 NS

BEL 0 - 0.01 0 + 0.03° - 0.01 - 0.03

ITA - 0.09° - 0.06 + 0.02 + 0.03 - 0.13°°° - 0.09°

Abbreviations: ANOVA analysis of variance, BMI body mass index, COSI Childhood Obesity Surveillance Initiative, BMI/A BMI-for-age, H/A height-for-age, NS not
significantl, W/A weight-for-age.
‡The country codes refer to the International Organization for Standardization (ISO) 3166–1 Alpha-3 country codes and countries were listed in alphabetical order
by their full names: BEL, Belgium (Flanders); CZE, Czech Republic; IRL, Ireland; ITA, Italy; LVA, Latvia; LTU, Lithuania; NOR, Norway; PRT, Portugal (all regions except
Madeira); SVN, Slovenia.
¶Body weight was adjusted for clothes worn when measured and children with a W/A Z-score < −6 or > +5 were excluded.
*Children with a H/A Z-score < −6 or > +6 were excluded.
#Body weight was adjusted for clothes worn when measured and children with a BMI/A Z-score < −5 or > +5 were excluded.
§Significance level of the two-way ANOVA to assess the interaction effect of country and round on the change in mean values for the indicated age-sex group.
°Statistically significant difference of mean values between the two rounds for the indicated age-sex group (unpaired t-test (equal variance) or unpaired Welch’s
t-test (unequal variance); P < 0.05).
°°Statistically significant difference of mean values between the two rounds for the indicated age-sex group (unpaired t-test (equal variance) or unpaired Welch’s
t-test (unequal variance); P < 0.01).
°°°Statistically significant difference of mean values between the two rounds for the indicated age-sex group (unpaired t-test (equal variance) or unpaired Welch’s
t-test (unequal variance); P ≤ 0.001).
°°°°Statistically significant difference of mean values between the two rounds for the indicated age-sex group (unpaired t-test (equal variance) or unpaired Welch’s
t-test (unequal variance); P < 0.0001).
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be assessed for nine COSI countries and the statistically
significant results suggest different developments in these
countries, hence, a conclusion about the overall pattern
(increase or decrease) for the entire WHO European
Region (53 Member States) cannot be drawn.

Strengths
COSI requires the inclusion of national samples (unless a
country’s political system is decentralized like, for instance,
in Belgium), and the children are selected from the school
population, which is presumed to be representative of the
total population for the 6-, 7-, 8- and 9-year-olds.
COSI provides a unique large dataset with a total

number of more than 168 000 children with valid
measurements in Round 1 [5] and about 220 000 children
in Round 2. It is expected that the number of children will
increase in each future COSI round because four new
countries (Albania, Republic of Moldova, Romania and
Turkey) participated in the third COSI data collection
round (2012/2013) and other countries may follow
by joining the fourth round during the school year
2015/2016.
The standardized weight and height measurements in

a large number of countries and the application of a
consistent data collection protocol enabled the use of mul-
tiple comparisons (Tables 1, 2, 3 and 4), and the repeated
COSI rounds made it possible to assess the changes over
time (Tables 5, 6 and 7).



Table 7 Absolute change in prevalence of overweight
(including obesity) and obesity in boys and girls aged
6–9 years from COSI Round 1 (2007/2008) to COSI
Round 2 (2009/2010), by age and country

Age group
and country‡

Overweight (including obesity) (%)# Obesity (%)#

Boys Girls Boys Girls

6-year-olds

BEL - 1.3°°° - 0.2 - 0.2 + 0.1

SVN - 4.6°° - 1.9 - 1.6 - 1.6

7-year-olds

BEL - 0.4 - 0.1 + 0.4 + 0.5

CZE + 2.9 + 3.5 + 1.0 + 1.5

IRL - 1.9 - 1.0 - 0.1 - 2.9

LVA + 0.4 + 3.2° + 2.1° + 2.9°°°

LTU - 0.4 0 + 0.1 - 0.1

PRT - 9.0°°°° + 0.7 - 2.5 - 0.4

SVN - 3.0° - 3.2° - 2.1° - 0.4

8-year-olds

BEL - 0.2 - 0.3 - 0.1 + 0.4

ITA - 4.2°°°° - 2.2° - 3.9°°°° - 1.3

NOR + 6.2°°° + 3.1 + 4.2°°° + 0.2

SVN + 0.2 + 0.3 + 1.3 + 1.0

9-year-olds

BEL - 0.1 - 0.6 + 0.4 + 0.1

ITA - 3.3° - 2.7 - 3.8°° - 2.8°°

Abbreviations: BMI/A body mass index-for-age, COSI Childhood Obesity
Surveillance Initiative, WHO World Health Organization.
‡The country codes refer to the International Organization for Standardization
(ISO) 3166–1 Alpha-3 country codes and countries were listed in alphabetical
order by their full names: BEL, Belgium (Flanders); CZE, Czech Republic; IRL,
Ireland; ITA, Italy; LVA, Latvia; LTU, Lithuania; NOR, Norway; PRT, Portugal
(all regions except Madeira); SVN, Slovenia.
#Prevalence estimates were based on the 2007 WHO recommended growth
reference for school-age children and adolescents [17]. Body weight was
adjusted for clothes worn when measured and children with a BMI/A Z-score
< −5 or > + 5 were excluded. Overweight and obesity were defined as the
proportion of children with a BMI/A value above +1 Z-score and above + 2
Z-scores, respectively.
°Statistically significant difference of proportions between the two rounds for
the indicated age-sex group (z test; P < 0.05).
°°Statistically significant difference of proportions between the two rounds for
the indicated age-sex group (z test; P < 0.01).
°°°Statistically significant difference of proportions between the two rounds for
the indicated age-sex group (z test; P < 0.001).
°°°°Statistically significant difference of proportions between the two rounds
for the indicated age-sex group (z test; P ≤ 0.0001).
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Limitations
Some differences in sample size achieved might have
influenced the results. Seven countries in Round 2 did
not obtain a final sample of children that contained
more than 60% of the approached children and fell
within the targeted age group, while eight countries
did not achieve the minimum final effective sample
size of ≈ 2800 children per age group (see Additional
file 2). However, Table 6 showed that all difference
values of BMI/A Z-score higher than 0.05 per year were
already statistically significant, which suggest that the COSI
data have sufficient power to detect a significant difference
of 0.10 per year if it really existed (on which sample size
calculation for COSI was based – see Methods section).
This also means that it is almost certain that a real change
of 0.10 BMI/A Z-score per year did not happen in the
COSI countries where no statistically significant changes
were found.
The analyses were performed unweighted, because

sampling weights to adjust for the applied sampling
design, oversampling and non-response rate were avail-
able for only three countries in Round 1 [5] and four
countries in Round 2. This was mainly due to the in-
complete registration of all children in the schools and
classes. We do not know the effect of the unweighted
analyses on the results, but we would expect this to be
limited due to the nationally representative sampling of
children.
In an optimal study design, the same scales and stadi-

ometers should be used with similar and adequate calibra-
tion procedures. For the majority of the countries, the
same equipment was used throughout the country, but
data comparability would have been improved if identical
equipment would have been used by each country. This
was not set as mandatory in the COSI protocol, largely
because of cost implications. The monitoring of data qual-
ity procedures, however, was stressed throughout the
measurement period.

Conclusions
The WHO COSI includes repeated data collection
rounds in 2 − 3-year intervals in order to assess changes
in weight, height and BMI as well as in overweight and
obesity prevalence estimates. The results show that with
the present COSI data it is possible to detect relevant
changes between rounds. A period of two years, with
just two rounds of data collection, is, however, inad-
equate to identify clear trends within countries. Hence,
continuation of the surveys will be important to evaluate
the currently observed changes over a longer period.
These changes varied significantly across the countries
and showed little decline. All countries will thus need to
strengthen their efforts in order to become on track with
achieving the European Charter’s goal to reverse the
obesity epidemic by 2015 [1]. Furthermore, it seems that
active implementation of policies or interventions to
counteract overweight and obesity have been triggered
more by the countries with higher values in Round 1
than by the countries with lower values. It could be that
the latter group of countries did not see the urgency to
keep their values stable and thus to introduce overweight
preventive interventions targeting school-aged children
for this purpose.
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IOTF definitions.

Additional file 6: Median and interquartile range (Q1–Q3) values of
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(2009/2010), by age and country.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
TW conceptualized and drafted the manuscript and conducted all analyses;
JvR made substantial contributions to the conception and drafts of the
manuscript as well as interpretation of the results; AS, GS, MH, IS, HR, ÉM, AR,
RH, NPF, AP, NE, LB and JB were involved in critically reviewing a draft of the
manuscript and contributed with data collection and data cleaning; IP and
MK contributed with data collection and data cleaning. All authors
contributed to and approved the final manuscript.

Acknowledgements
Data collection in the countries was made possible through funding by:
Belgium: Flemish Agency for Care and Health and Ministry of Education,
Youth, Equal Opportunities and Brussels Affairs; Czech Republic: Internal
Grant Agency of the Ministry of Health (grant no. IGA NS/9832-4); Greece:
Hellenic Medical Association for Obesity and the Alexander Technological
Educational Institute of Thessaloniki; Hungary: National Institute for Food and
Nutrition Science and Chamber of Hungarian Health Care Professionals;
Ireland: the Health Service Executive and Department of Health; Italy: Ministry
of Health; Latvia: Centre for Disease Prevention and Control (the former
Public Health Agency); Lithuania: Lithuanian State Science and Studies
Foundation, Lithuanian University of Health Sciences (the former Kaunas
University of Medicine) and the Research Council of Lithuania (grant no.
SIN-17/2012); Norway: Norwegian Institute of Public Health and Directorate
of Health; Portugal: Ministry of Health and Regional Health Directorates;
Slovenia: Ministry of Education, Science and Sport; Spain: Spanish Food
Safety and Nutrition Agency, Ministry of Health, Social Services and Equality;
the former Yugoslav Republic of Macedonia: Ministry of Health.
The authors gratefully acknowledge the General Health Directorate of
Portugal, the National Institute of Health Doutor Ricardo Jorge IP in Lisbon,
Portugal, the National Institute of Health in Rome, Italy, the Norwegian
Institute of Public Health in Oslo, Norway, the Directorate-General for Health
of France, and the Karolinska Institute in Huddinge, Sweden for their financial
support for the organization of COSI meetings where the data collection
procedures and analyses were discussed.
Sincere appreciation is expressed to Francesco Mitis and Manfred Huber of
the WHO Regional Office for Europe for critically reviewing the final draft of
this paper.

Disclaimer
Trudy Wijnhoven and João Breda are staff members of the WHO Regional
Office for Europe. The authors alone are responsible for the views expressed
in this publication and they do not necessarily represent the decisions or the
stated policy of the World Health Organization.
Author details
1Division of Noncommunicable Diseases and Life-course, World Health
Organization Regional Office for Europe, UN City, Marmorvej 51, DK-2100
Copenhagen Ø, Denmark. 2Centre for Nutrition, Prevention and Health
Services, National Institute for Public Health and the Environment, PO Box 1,
3720 BA, Bilthoven, The Netherlands. 3Division of Human Nutrition,
Wageningen University, PO Box 8129, 6700 EV Wageningen, The Netherlands.
4National Centre for Epidemiology, Surveillance and Health Promotion, National
Institute of Health, Viale Regina Elena 299, I-00161, Rome, Italy. 5Faculty of Sport,
University of Ljubljana, Gortanova 22, 1000, Ljubljana, Slovenia. 6Department of
Nutrition and Dietetics, Alexander Technological Educational Institute of
Thessaloniki, PO Box 14561, 54101 Thessaloniki, Greece. 7Department of
Physiology and Monitoring of Nutrition, Institute for Public Health of the
Republic of Macedonia, 50 Divizija 6, 1000 Skopje, the former Yugoslav Republic
of Macedonia. 8Faculty of Public Health and Policy, London School of Hygiene
and Tropical Medicine, 15-17 Tavistock Place, London WC1H 9SH, United
Kingdom. 9National Institute for Food and Nutrition Science, Gyali ut 3/a., 1097,
Budapest, Hungary. 10National Institute of Health Doutor Ricardo Jorge IP, Av.
Padre Cruz, 1649-016, Lisbon, Portugal. 11Department of Health Statistics,
Norwegian Institute of Public Health, PO Box 4404, Nydalen, N-0403, Oslo,
Norway. 12Spanish Agency for Consumer Affairs, Food Safety and Nutrition,
Alcala 56, 28071, Madrid, Spain. 13Department of Preventive Medicine,
Lithuanian University of Health Sciences, Eiveniu str. 4, 50009 Kaunas, Lithuania.
14Health Promotion Department, Health Service Executive, Railway St, Navan,
County Meath, Ireland. 15National Nutrition Surveillance Centre, School of Public
Health, Physiotherapy & Population Science, University College Dublin, Belfield,
Dublin, 4, Ireland. 16Flemish Agency for Care and Health, Flemish Ministry of
Welfare, Public Health and Family, Koning Albert II-Laan 35, PO Box 33, 1030
Brussels, Belgium. 17Centre for Disease Prevention and Control, 22 Duntes
Street, LV-1005 Riga, Latvia. 18Obesity Management Centre, Institute of
Endocrinology, Narodni 8, 116 94, Prague 1, Czech Republic.

Received: 16 January 2014 Accepted: 29 July 2014
Published: 7 August 2014
References
1. WHO Regional Office for Europe: European Charter on Counteracting Obesity.

Copenhagen: 2006 [http://www.euro.who.int/__data/assets/pdf_file/0009/
87462/E89567.pdf]

2. WHO Regional Office for Europe: WHO European Ministerial Conference on
Counteracting Obesity. Conference report. Copenhagen: 2007 [http://www.
euro.who.int/__data/assets/pdf_file/0006/96459/E90143.pdf]

3. WHO Regional Office for Europe: Vienna Declaration on Nutrition and
Noncommunicable Diseases in the Context of Health 2020. Copenhagen: 2013
[http://www.euro.who.int/en/media-centre/events/events/2013/07/vienna-
conference-on-nutrition-and-noncommunicable-diseases/documentation/
vienna-declaration-on-nutrition-and-noncommunicable-diseases-in-the-
context-of-health-2020]

4. WHO Regional Office for Europe: Regional Committee for Europe Resolution
EUR/RC63/R4 on the Vienna Declaration on nutrition and noncommunicable
diseases in the context of Health 2020. Copenhagen: 2013 [http://www.euro.
who.int/__data/assets/pdf_file/0009/217728/63rs04e_ViennaDeclaration.pdf]

5. Wijnhoven TMA, van Raaij JMA, Spinelli A, Rito AI, Hovengen R, Kunesova M,
Starc G, Rutter H, Sjöberg A, Petrauskiene A, O’Dwyer U, Petrova S, Farrugia
Sant’Angelo V, Wauters M, Yngve A, Rubana I-M, Breda J: WHO European
Childhood Obesity Surveillance Initiative 2008: weight, height and body
mass index in 6–9-year-old children. Pediatr Obes 2013, 8:79–97.

6. Spinelli A, Lamberti A, Nardone P, Andreozzi S, Galeone D: Sistema di
sorveglianza OKkio alla SALUTE: risultati 2010 [Surveillance system OKkio alla
SALUTE: results 2010]. Rome: National Institute of Health; 2012 [http://www.
iss.it/binary/publ/cont/dodici14web.pdf]

7. Velika B, Pudule I, Grinberga D: Bērnu antropometrisko parametru un skolu vides
pētījums Latvijā [Study of children’s anthropometric parameters and school
environment in Latvia, 2010. Study report]. Riga: Centre of Health Economics; 2011.

8. Hovengen R, Strand BH, Meisfjord J: Children’s growth in Norway: results
2008–2010. Oslo: Norwegian Institute of Public Health; 2011 [http://www.fhi.
no/dokumenter/7d072ca35c.pdf]

9. Rito AI, Paixão E, Carvalho MA, Ramos C: Childhood Obesity Surveillance
Initiative: COSI Portugal 2010. Lisbon: National Institute of Health Dr. Ricardo
Jorge; 2012 [http://repositorio.insa.pt/handle/10400.18/1109]

http://www.biomedcentral.com/content/supplementary/1471-2458-14-806-S1.docx
http://www.biomedcentral.com/content/supplementary/1471-2458-14-806-S2.docx
http://www.biomedcentral.com/content/supplementary/1471-2458-14-806-S3.docx
http://www.biomedcentral.com/content/supplementary/1471-2458-14-806-S4.docx
http://www.biomedcentral.com/content/supplementary/1471-2458-14-806-S5.docx
http://www.biomedcentral.com/content/supplementary/1471-2458-14-806-S6.docx
http://www.euro.who.int/__data/assets/pdf_file/0009/87462/E89567.pdf
http://www.euro.who.int/__data/assets/pdf_file/0009/87462/E89567.pdf
http://www.euro.who.int/__data/assets/pdf_file/0006/96459/E90143.pdf
http://www.euro.who.int/__data/assets/pdf_file/0006/96459/E90143.pdf
http://www.euro.who.int/en/media-centre/events/events/2013/07/vienna-conference-on-nutrition-and-noncommunicable-diseases/documentation/vienna-declaration-on-nutrition-and-noncommunicable-diseases-in-the-context-of-health-2020
http://www.euro.who.int/en/media-centre/events/events/2013/07/vienna-conference-on-nutrition-and-noncommunicable-diseases/documentation/vienna-declaration-on-nutrition-and-noncommunicable-diseases-in-the-context-of-health-2020
http://www.euro.who.int/en/media-centre/events/events/2013/07/vienna-conference-on-nutrition-and-noncommunicable-diseases/documentation/vienna-declaration-on-nutrition-and-noncommunicable-diseases-in-the-context-of-health-2020
http://www.euro.who.int/en/media-centre/events/events/2013/07/vienna-conference-on-nutrition-and-noncommunicable-diseases/documentation/vienna-declaration-on-nutrition-and-noncommunicable-diseases-in-the-context-of-health-2020
http://www.euro.who.int/__data/assets/pdf_file/0009/217728/63rs04e_ViennaDeclaration.pdf
http://www.euro.who.int/__data/assets/pdf_file/0009/217728/63rs04e_ViennaDeclaration.pdf
http://www.iss.it/binary/publ/cont/dodici14web.pdf
http://www.iss.it/binary/publ/cont/dodici14web.pdf
http://www.fhi.no/dokumenter/7d072ca35c.pdf
http://www.fhi.no/dokumenter/7d072ca35c.pdf
http://repositorio.insa.pt/handle/10400.18/1109


Wijnhoven et al. BMC Public Health 2014, 14:806 Page 16 of 16
http://www.biomedcentral.com/1471-2458/14/806
10. Pérez-Farinós N, López-Sobaler AM, Dal Re MA, Villar C, Labrado E, Robledo
T, Ortega RM: The ALADINO study: a national study of prevalence of
overweight and obesity in Spanish children in 2011. BioMed Res Int 2013,
2013:1–7.

11. Wijnhoven T, Branca F: WHO European Childhood Obesity Surveillance
Initiative. Protocol, version January 2008. Copenhagen: WHO Regional Office
for Europe; 2008.

12. WHO Regional Office for Europe: WHO European Childhood Obesity
Surveillance Initiative. Protocol, version August 2010. Copenhagen: 2010.

13. Rudolf MCJ, Levine R, Feltbower R, Connor A, Robinson M: The TRENDS
project: development of a methodology to reliably monitor the obesity
epidemic in childhood. Arch Dis Child 2006, 91:309–311.

14. Currie C, Samdal O, Boyce W, Smith R (Eds): Health Behaviour in School-aged
Children: a WHO cross-national study. Research protocol for the 2001/2002
survey. Edinburgh: University of Edinburgh; 2002.

15. Council for International Organizations of Medical Sciences, World Health
Organization: International ethical guidelines for biomedical research involving
human subjects. Geneva: Council for International Organizations of Medical
Sciences; 2002 [http://www.cioms.ch/publications/guidelines/
guidelines_nov_2002_blurb.htm]

16. World Health Organization: Physical status: the use and interpretation of
anthropometry. Report of a WHO Expert Committee, WHO Technical Report
Series, No. 854. Geneva: 1995 [http://apps.who.int/iris/bitstream/10665/
37003/1/WHO_TRS_854.pdf]

17. de Onis M, Onyango AW, Borghi E, Siyam A, Nishida C, Siekmann J:
Development of a WHO growth reference for school-aged children and
adolescents. Bull World Health Organ 2007, 85:660–667 [http://www.who.
int/growthref/growthref_who_bull/en/index.html]

18. Blössner M, Siyam A, Borghi E, Onyango A, de Onis M: WHO AnthroPlus for
personal computers manual: software for assessing growth of the world’s
children and adolescents. Geneva: World Health Organization; 2009
[http://www.who.int/growthref/tools/who_anthroplus_manual.pdf]

19. Cole TJ, Lobstein T: Extended international (IOTF) body mass index cut-offs
for thinness, overweight and obesity. Pediatr Obes 2012, 7:284–294.

20. Levene H: Robust tests for equality of variances. In Contributions to
probability and statistics. Essays in honor of Harold Hotelling. Edited by Olkin
I, Ghurye SG, Hoeffding W, Madow WG, Mann HB. Stanford, CA: Stanford
University Press; 1960:278–292.

21. Games PA, Howell JF: Pairwise multiple comparison procedures with unequal
N's and/or variances: a Monte Carlo study. J Educ Stat 1976, 1:113–125.

22. Marascuilo LA: Large-sample multiple comparison. Psychol Bull 1966,
65:280–290.

23. Brug J, van Stralen MM, te Velde SJ, Chinapaw MJM, De Bourdeaudhuij I,
Lien N, Bere E, Maskini V, Singh AS, Maes L, Moreno L, Jan N, Kovacs E, Lobstein T,
Manios Y: Differences in weight status and energy-balance related behaviors
among schoolchildren across Europe: the ENERGY-project. PLoS One 2012,
7:e34742.

24. Currie C, Zanotti C, Morgan A, Currie D, de Looze M, Roberts C, Samdal O,
Smith ORF, Barnekow V (Eds): Social determinants of health and well-being
among young people. Health Behaviour in School-aged Children (HBSC) study:
international report from the 2009/2010 survey, Health Policy for Children and
Adolescents, No 6. Copenhagen: WHO Regional Office for Europe; 2012
[http://www.euro.who.int/__data/assets/pdf_file/0003/163857/Social-
determinants-of-health-and-well-being-among-young-people.pdf]

25. Lobstein T, Frelut ML: Prevalence of overweight among children in
Europe. Obes Rev 2003, 4:195–200.

26. Yngve A, De Bourdeaudhuij I, Wolf A, Grjibovski A, Brug J, Due P, Ehrenblad
B, Elmadfa I, Franchini B, Klepp K-I, Poortvliet E, Rasmussen M, Thorsdottir I,
Perez Rodrigo C: Differences in prevalence of overweight and stunting in
11-year olds across Europe: the Pro Children study. Eur J Public Health
2007, 18:126–130.

27. Rossi CE, de Assis Guedes de Vasconcelos F: Birth weight and obesity in
children and adolescents: a systematic review. Rev Bras Epidemiol 2010,
13:1–13.

28. Organisation for Economic Co-operation and Development: Health at a
glance: Europe 2012. Paris: 2012 [http://www.oecd.org/els/health-systems/
HealthAtAGlanceEurope2012.pdf]

29. Hense S, Pohlabeln H, De Henauw S, Eiben G, Molnar D, Moreno LA, Barba
G, Hadjigeorgiou C, Veidebaum T, Ahrens W: Sleep duration and overweight
in European children: is the association modified by geographic region?
Sleep 2011, 34:885–890.
30. National Statistical Service, Ministry of Health, ICF International: Armenia
Demographic and Health Survey 2010. Calverton, MD: 2012 [http://www.
measuredhs.com/pubs/pdf/FR252/FR252.pdf]

31. The Agency for Statistics of Bosnia and Herzegovina, the Federal Ministry of
Health, the Ministry of Health and Social Welfare of the Republic of Srpska, the
Institute for Public Health of the Federation of Bosnia and Herzegovina: Bosnia
and Herzegovina Multiple Indicator Cluster Survey 2011–2012. Final Report.
Sarajevo: United Nations Children’s Fund Office for Bosnia and Herzegovina;
2013 [http://www.childinfo.org/files/MICS4_BiH_FinalReport_2011-12_Eng.pdf]

32. The Agency of Statistics of the Republic of Kazakhstan, United Nations
Children’s Fund: Multiple Indicator Cluster Survey in the Republic of
Kazakhstan, 2010–2011. Final Report. Astana: The Agency of Statistics of the
Republic of Kazakhstan, the Republican State Enterprise Information Computing
Centre; 2012 [http://www.childinfo.org/files/MICS4_Kazakhstan_FinalReport_2010-
11_Eng.pdf]

33. Statistical Office of the Republic of Serbia: Serbia Multiple Indicator
Cluster Survey 2010. Belgrade: 2011 [http://www.childinfo.org/files/
MICS4_Serbia_FinalReport_2010_Eng.pdf]

34. Ministry of Health, Ministry of Education and Science, Ministry of Labour and
Social Policy: Republic of Macedonia Multiple Indicator Cluster Survey 2011. Skopje:
2012 [http://www.childinfo.org/files/MICS4_Macedonia_FinalReport_Eng.pdf]

35. WHO Multicentre Growth Reference Study Group: WHO child growth
standards based on length/height, weight and age. Acta Paediatr Suppl
2006, 450:76–85.

doi:10.1186/1471-2458-14-806
Cite this article as: Wijnhoven et al.: WHO European Childhood Obesity
Surveillance Initiative: body mass index and level of overweight among
6–9-year-old children from school year 2007/2008 to school year 2009/2010.
BMC Public Health 2014 14:806.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

http://www.cioms.ch/publications/guidelines/guidelines_nov_2002_blurb.htm
http://www.cioms.ch/publications/guidelines/guidelines_nov_2002_blurb.htm
http://apps.who.int/iris/bitstream/10665/37003/1/WHO_TRS_854.pdf
http://apps.who.int/iris/bitstream/10665/37003/1/WHO_TRS_854.pdf
http://www.who.int/growthref/growthref_who_bull/en/index.html
http://www.who.int/growthref/growthref_who_bull/en/index.html
http://www.who.int/growthref/tools/who_anthroplus_manual.pdf
http://www.euro.who.int/__data/assets/pdf_file/0003/163857/Social-determinants-of-health-and-well-being-among-young-people.pdf
http://www.euro.who.int/__data/assets/pdf_file/0003/163857/Social-determinants-of-health-and-well-being-among-young-people.pdf
http://www.oecd.org/els/health-systems/HealthAtAGlanceEurope2012.pdf
http://www.oecd.org/els/health-systems/HealthAtAGlanceEurope2012.pdf
http://www.measuredhs.com/pubs/pdf/FR252/FR252.pdf
http://www.measuredhs.com/pubs/pdf/FR252/FR252.pdf
http://www.childinfo.org/files/MICS4_BiH_FinalReport_2011-12_Eng.pdf
http://www.childinfo.org/files/MICS4_Kazakhstan_FinalReport_2010-11_Eng.pdf
http://www.childinfo.org/files/MICS4_Kazakhstan_FinalReport_2010-11_Eng.pdf
http://www.childinfo.org/files/MICS4_Serbia_FinalReport_2010_Eng.pdf
http://www.childinfo.org/files/MICS4_Serbia_FinalReport_2010_Eng.pdf
http://www.childinfo.org/files/MICS4_Macedonia_FinalReport_Eng.pdf

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Protocol development
	Study population and sampling design
	Age groups chosen
	Stratification
	Sampling units
	Sample size

	Data collection procedures
	Ethics approval procedures
	Anthropometric measurements

	Data elaboration
	Statistical analysis
	Round 2
	Changes from Round 1 to Round 2


	Results
	COSI Round 2 (2009/2010)
	Weight, height, BMI, W/A, H/A and BMI/A Z-scores
	Prevalence of stunting, underweight and thinness
	Prevalence of overweight and obesity

	Changes from COSI Round 1 (2007/2008) to COSI Round 2 (2009/2010)

	Discussion
	COSI Round 2 (2009/2010)
	Changes from COSI Round 1 (2007/2008) to Round 2 (2009/2010)
	Strengths
	Limitations

	Conclusions
	Additional files
	Competing interests
	Authors’ contributions
	Disclaimer
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


