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Abstract

status in children and adolescent from 2008 to 2018.

overweight or obesity.
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Objective: Because the prevalence overweight and obesity remains high during adolescence in Europe, tracking
weight status in children and adolescents is needed. We aimed to estimate French trends in the prevalence of weight

Results: The prevalence of overweight and obesity were higher in boys (P <0.0001). Underweight was more preva-
lent in girls (P <0.0001). In adolescents aged 16-17 years old, a stabilization was observed for overweight and obesity
whereas the prevalence of underweight increased significantly in boys (P < 0.0001). For children and adolescents

aged to 10-12 and 13-15 years old, the obesity and overweight decreased significantly while the underweight was
increased for both sexes aged 10-12 years (P <0.0001). Underweight increased in boys aged 13-15 years (P <0.0001)
while that a stagnation was observed in girls. These encouraging results show the permanent need to develop pre-
ventive strategies promoting an healthy active living in order to modify the lifestyle for adolescents with underweight,

Introduction

Since many decades, obesity in children and adolescents
is became a major childhood health problem in world-
wide. In a recent systematic review and meta-analysis,
authors showed the prevalence of overweight and obesity
in youth were very high, but with a trend to stabilisation
in most European countries [1]. Conversely, underweight
becomes another health concern since last years, in
many countries. Studies suggested that the prevalence
of underweight tends to increase in developed countries
[2-5]. Overweight, obesity and underweight is related
to numerous health problems that tend to track from
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childhood into adulthood with considerable long-term
health and economic burden.

Because the prevalence overweight and obesity remains
high during adolescence, and in order to assess the effec-
tiveness of interventions and public health recommenda-
tions developed by health policy markers, tracking weight
status in children and adolescents is needed. Therefore,
trends in children’s and adolescents’ weight status have
to be regularly documented in each country. Recently,
authors published results regarding the prevalence of
underweight, overweight and obesity in French children,
underlying a stability of the prevalence of obesity, while
the prevalence of overweight decreased significantly,
remaining however high in French children [5]. Data on
the prevalence rates in overweight and obesity in French
adolescents are still lacking [6-8]. Although the preva-
lence of underweight shows a worrying upward trend in
many developed countries, few data are also available in
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France [8, 9]. To our knowledge, data have been missing
regarding the tracking of French adolescents’ weight sta-
tus (underweight, overweight and obesity) since 2013 [7,
8].

The purpose of the present study was to analyse the
secular trends in weight status (underweight, overweight
and obesity) among French children and adolescents
from 2008 to 2018.

Main text

Methods

Data from our study were provided from the French
health program “Diagnoform® (https://irfo.fr/) from
2008 to 2018. The main objective of this program was to
assess the physical fitness levels in French children, ado-
lescents and adults. For the children and adolescence
population, measures were performed in the school
environment (such as school playgrounds or sports club
gymnasiums).

This study did not involve any intervention, and was
conducted on a volunteer basis. Data were retrospectively
collected by the study organizational structure (https://
irfo.fr/). In this context, written informed consent was
not required according to French human research regula-
tions. However, the aims and objectives of the event were
explained carefully to each adolescent and to their par-
ents. All answers provided by parents were anonymous
and confidential. This data collection was approved by
the French National Commission of the Informatics Per-
sonal Data.

From this national database of Diagnoform program, a
total of 90 250 children and adolescents aged 10-17 years
were included in the present analysis.

Measurements
Anthropometric measures
Physical measurements including weight, height and
body mass index (BMI) were collected by the field work-
ers from the organizer. Investigators asked to adolescents
to complete a self-reported weight and height using a
questionnaire. BMI was calculated as weight/height
squared (kg/m?). Underweight, obesity and overweight
prevalence were calculated according to International
Obesity Task Force (IOTF) cut-offs [10]. These interna-
tional cut-offs are defined by values of BMI at age 18:
BMI 25 (overweight), 30 (obesity) and 18.5 (thinness).
Due to rapid change in anthropometric parameters
during childhood and adolescence, age categories were
created. Three categories were defined: (i) childhood
10-12 years; (ii) early adolescence (13-15 years) and (iii)
late adolescence (16—17 years).
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Statistical analysis

The data are presented as percentages for categorical var-
iables and as means and standard deviations for continu-
ous variables. The Shapiro—Wilk test was used in order to
verify the normality of distribution.

Chi-squared test was used to compare prevalence
means of underweight, overweight and obesity between
boys and girls. Trends from 2007 to 2018 for under-
weight, overweight and obesity were assessed by the
Cochran—Armitage trend test.

All statistical tests were performed at the two-tailed o<
level of 0.05. Data were analysed using the statistical soft-
ware packages IBM SPSS Statistics for Windows (Version
22.0; IBM SPSS, Armonk, NY, USA) R Project for Sta-
tistical Computing (v. 3.6.1) and Excel 2013 (Microsoft,
Redmond, WA, USA).

Results

The mean age was 13.9+2.1 and 13.842.8 years for
boys and girls, respectively. Anthropometric measures
and prevalence rates of each weight status (underweight,
overweight and obesity) by sex and age group are pre-
sented in Table 1. Prevalence rates of overweight and
obesity were significantly higher in boys compared than
girls (P <0.0001) (Table 1). For the underweight, the rate
was also higher in girls than boys (P <0.0001).

Table 2 shows trends in underweight, overweight and
obesity according to sex and age between 2008 and 2018.
In overall, significant changes in overweight, obese and
underweight were found for boys and girls, respectively
(P<0.0001) (Table 2). The prevalence of overweight
and obese was lower in 2018 than in 2008 in both sexes
(P<0.0001) (Table 2). On the other hand, an increas-
ing trend of underweight was found in boys and girls
(P <0.0001). In adolescents aged to 16—17 years old, a sta-
bilization was observed for the prevalence of overweight
and obesity whereas the prevalence of underweight
increased significantly in boys (Table 2). For adolescents
aged to 10-12 and 13-15 years old, the prevalence of
obesity and overweight decreased significantly while the
proportion of underweight was increased significantly for
boys and girls aged 10—12 years (Table 2). The prevalence
of underweight increased in boys aged 13—15 years while
that a stagnation was observed in girls in the same age
range (Table 2).

Discussion

Updated information on the prevalence of the different
weight categories is needed in order to properly develop,
implement, and assess the effectiveness of the current
public health initiatives and policies elaborated to fight
unhealthy lifestyle in French adolescents. There is today a
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Table 1 Prevalence rates of underweight, overweight and obesity, and mean anthropometric characteristics with standard deviations
in French boys and girls, age 10-17 years, during the period 2008-2018 (n =90 250)

Boys Girls p*
10-12years 13-15years 16-17years Total 10-12years 13-15years 16-17 years Total
Underweight
(Priov/ezlence 2064/42.36 1860/38.17 949/19.47 4873/10.20 2543/42.04 2327/38.47 1179/19.49 6049/14.24 <0.0001
n/%)
Height (cm) 147794845 16534+1049 174494800 159.69+14.13 148884852 16205+£706 164324648 156954+1029 <0.0001
Weight (kg) 31.61+£4.07 43.4846.86 51.58+544 40.03+£9.55 3232+439 42.80+4.87 46.27 £4.25 39.07£7.44 <0.0001
BMI (kgm?) 14424078 15.804+0.94 16.9040.89 15434+1.28 14.524+0.82 16.2540.95 17.11+£084 15.69+1.36 <0.0001
Overweight
E’r(;va)lence 2876/45.04 2336/36.58 1174/18.38 6386/13.37 2480/47.54 1567/33.15 681/14.41 4728/11.13 <0.0001
n/%,
Height (cm) 15233+£874 169.64+951 175904765 1634+13.28 152444+809 161.79£692 16289+£660 157054894 <0.0001
Weight (kg) 53.05+7.48 7144£9.59 80.85+8.18 648941403 5359473 66.56 +7.06 70.02£6.96 60.25+10.08 <0.0001
BMI (kgm?) 2275414 24721144 256241.56 24.0841.92 22964147 253741.50 26341144 24254203 <0.0001
Obese
Prevalence  772/46.65 596/36.01 287/17.34 1655/3.46 673/55.85 348/28.88 184/15.27 1205/2.84 <0.0001
(n/%)
Height (cm) 153.07+£933  169.17+£987 174704£856 16262+13.1 15343+£868 161.66+£690 162.56+7.77 15721£9.11  <0.0001
Weight (kg) 66.78+10.83 8853+1347 9948+1282 8028+1794 6784+11.08 83.10+£1085 87.07+£11.89 7519+1392 <0.0001
BMI (kg.m?) 28374294 30.80£276 3253+£3.04 29.97£331 28.714+3.39 31.73+3.14 3294+38 30.234+3.81 0.05781
Normal weight
(Pr%a)lence 13,692/39.07  13,903/40.08  7270/20.85 34,865/7297  11,980/3929  12,821/42.05  5688/18.66 30,489/71.79  <0.0001
n/%)
Height (cm) 14937+860 16924+949 17538+6.92 1627241398 15069+862 16238+6.65 16365+640 158024951  <0.0001
Weight (kg) 39.65+6.35 56.23+8.76 63.9447.26 5133£124 40.81+6.61 5241£6.28 5552£6.01 4843+891 <0.0001
BMI (kgm?) 17684154 19.524+1.69 20.754+1.66 19.0542.02 17.87+1.63 19.8441.68 20.71+1.67 19.234+2.01 <0.0001

"The x? was performed to assess differences in prevalence rates by sex; Student’s t test was performed to assess differences in anthropometric data by sex. Significant

P values are indicated in bold font

Percentages are row percentages for prevalence rates by age group; percentages are column percentages for total prevalence rates by sex

real need for actualized prevalence of underweight, over-
weight and obesity in French adolescents since the last
available data were reported in 2013 [7, 8].

A pooled analysis on worldwide trends in BMI categories
showed that the growing overweight and obesity prevalence
trend had reached a plateau showing sometimes a slight
decline in high-income countries [11]. Similar trends were
observed among French adolescents with a stable preva-
lence of overweight only [7, 8]. A significant increase was
however observed for adolescent obesity between 2009 and
2013 [8]. The results of the present study are very encourag-
ing, suggesting for the first time a significant decline of the
prevalence of overweight and obesity in French adolescents
respectively decreasing from 14.5% to 11% and 4.5% to 2.9%.
These changes are maybe due in part to the increased popu-
lation awareness of this public health problem, as well as
interventions promoting daily physical activity and healthy
diets developed by national public health policies. Indeed,
several studies showed in France, with a multi-level, long

term community-based approach to childhood and ado-
lescence obesity prevention, that the combined prevalence
of overweight and obesity in youth decreased significantly
[5, 12, 13]. However, the present results also show that the
prevalence of overweight and obesity among adolescents
aged between 16 and 17 years did not changed significantly.
A plateau is observed at this age range. Therefore, current
national public health initiatives in children and adolescents
must be maintained and strengthened in order to continue
to decrease the prevalence of obesity in youth, particularly in
late adolescence.

Importantly, our finding also underline a gender effect.
Indeed, the prevalence of overweight and obesity were
higher in boys compared with girls (13.4% vs 11.1% for over-
weight boys and girls; 3.5% vs 2.8% for obese boys and girls).
However, the prevalence remains high for both sexes. Our
results concur with previous studies performed in France
and others European or North American countries [8, 14,
15].
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Some previous prevalence studies began to analyze the
prevalence rate of underweight, highlighting another world-
wide major health concern in children and adolescents [4,
8, 9]. Indeed, given health adverse consequences of under-
weight in youth, such as a poor quality of life, lower physical
fitness, amenorrhea, decreased bone health, negative body
image and fatigue, and, in later life, with increased mortal-
ity, it is needed to assess the rate underweight prevalence
in future studies when monitoring overweight and obe-
sity is performed [16]. In our study, results are particularly
alarming with an increase of the proportion of underweight
whatever the sex. As already pointed out by previous stud-
ies conducted in adolescents, a significant difference was
found between boys and girls with a higher prevalence rate
observed in girls (14.2% vs 10.2%) [4, 8, 9]. Another major
outcome from our study was that the prevalence rate of
underweight became superior to that of overweight in girls
(14.2% for underweight vs 11.1% for overweight). These
results underline the urgent need to develop strategies to
reduce this growing prevalence, similarly to what is done for
overweight and obesity.

In summary, our study shows a decline of the prevalence of
overweight and obesity that remained however high between
2008 and 2018. The prevalence of underweight increased sig-
nificantly. These results show the continued need to develop
preventive and nutritional programs in order to modify the
lifestyle for overweight, obese and underweight adolescent.

Limitations

The large sample size with anthropometrics measurements
(such as age and sex) was the main strength of our study.
However, even though we collected data on a large sam-
ple, the study presents some limitations. The first limitation
of this current study was to use a self-reported weight and
height, a subjectively assessment methods. This method
introduces systematic error because self-reports of weight
and height are usually less and greater, respectively, than the
corresponding measurements. Generally, values for weight
are underreported, and low values for height are overre-
ported [17]. Then, we cannot confirm that the cohort stud-
ied in our study is representative of French adolescents due
to a bias selection. Indeed, the methodology of this program
did not use a stratified sample design. In addition, due to the
study design and voluntary programme, the number of ado-
lescents across the years studied differs significantly and may
affect our results. Lastly, the lack of information collected
on socio-economic status, home location (urban, rural) and
parental educational levels, and could have impacted our
findings [6]. Indeed, previous studies showed that environ-
mental or family factors, such as socio-economic status, were
associated with the prevalence of overweight and obesity [7,
18]. Although it is more difficult in this type of study, future
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studies on the prevalence assessment could be perform using
a more rigorous methodology such as including a random
subject selection and to collect data about socio-economic
status.

Abbreviation
BMI: Body Mass Index.

Acknowledgements
The authors thank all participating youths for their collaboration in the study.

Author contributions

Each author of this article contributed significantly to the study. JV., J-BB,, HO,
FM. and TD. designed the research; TD. and HO. conducted the research; JV.
and J-BB. analysed the data; J-BB. and JV. performed the statistical analysis;
JV, JV. and DT. wrote the paper; TD. had primary responsibility for the final
content; All authors read and approved the final manuscript.

Funding
No funding.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

This study did not involve any intervention, and was conducted on a volun-
teer basis. Data were retrospectively collected by the study organizational
structure. In this context, written informed consent was not required accord-
ing to French human research regulations. All answers provided by parents
were anonymous and confidential. All patients received an informative letter
explaining the objectives of the study and a guarantee that the data would
remain strictly anonymous and confidential. All data obtained from the
organizer IRFO were declared and approved by the Commission Nationale
de I'nformatique et des Libertés (National Commission on Informatics and
Liberty).

Consent to publish
Not applicable.

Competing interests
The authors do not have any competing interests.

Author details

INFINITE-Institute for Translational Research in Inflammation (U-1286), Univer-
sité de Lille, CHU Lille, Inserm, 59000 Lille, France. 2Conger\ital & Pediatric Heart
Unit, Institut Ceeur Pournon, Univ. Lille, CHU Lille, 59000 Lille, France. >AME2P
Laboratory, CRNH Auvergne, Univ. Clermont Auvergne, 63000 Clermont-Fer-
rand, France. “Diagnoform, IRFO, 59139 Wattignies, France.

Received: 15 February 2022 Accepted: 1 June 2022
Published online: 15 June 2022

References

1. Garrido-Miguel M, Cavero-Redondo |, Alvarez-Bueno C, Rodriguez-
Artalejo F, Moreno LA, Ruiz JR, Ahrens W, Martinez-Vizcaino V. Prevalence
and trends of overweight and obesity in European children from 1999 to
2016: a systematic review and meta-analysis. JAMA Pediatr. 2019;173(10):
€192430.

2. Garrido-Miguel M, Martinez-Vizcaino V, Herraiz-Adillo A, Martinez-
Hortelano JA, Soriano-Cano A, Diez-Fernandez A, Solera-Martinez M,
Sanchez-Lopez M. Obesity and thinness prevalence trends in Spanish



Vanhelst et al. BMC Research Notes

(2022) 15:208

schoolchildren: are they two convergent epidemics? Eur J Public Health.
2020;30(5):1019-25.

Martinez-Vizcaino V, Sénchez Lépez M, Moya Martinez P, Solera Martinez
M, Notario Pacheco B, Salcedo Aguilar F, Rodriguez-Artalejo F. Trends in
excess weight and thinness among Spanish schoolchildren in the period
1992-2004: the Cuenca study. Public Health Nutr. 2009;12(7):1015-8.
Martin K, Rosenberg M, Pratt IS, Miller M, McCormack G, Giles-Corti

B, Magarey A, Bull F, Devine A. Prevalence of overweight, obesity and
underweight in Western Australian school-aged children; 2008 compared
with 2003. Public Health Nutr. 2014;17(12):2687-91.

Vanhelst J, Baudelet JB, Thivel D, Ovigneur H, Deschamps T. Trends in

the prevalence of overweight, obesity and underweight in French
children, aged 4-12 years, from 2013 to 2017. Public Health Nutr.
2020;23(14):2478-84.

Klein-Platat C, Wagner A, Haan MC, Arveiler D, Schlienger JL, Simon C.
Prevalence and sociodemographic determinants of overweight in young
French adolescents. Diabetes Metab Res Rev. 2003;19(2):153-8.

Péneau S, Salanave B, Maillard-Teyssier L, Rolland-Cachera MF, Vergnaud
AC, Méjean C, Czernichow S, Vol S, Tichet J, Castetbon K, Hercberg S.
Prevalence of overweight in 6- to 15-year-old children in central/western
France from 1996 to 2006: trends toward stabilization. Int J Obes (Lond).
2009;33(4):401-7.

Vanhelst J, Baudelet JB, Fardy PS, Béghin L, Mikulovic J, Ulmer Z. Preva-
lence of overweight, obesity, underweight and normal weight in French
youth from 2009 to 2013. Public Health Nutr. 2017;20(6):959-64.

Lazzeri G, Rossi S, Kelly C, Vereecken C, Ahluwalia N, Giacchi MV. Trends

in thinness prevalence among adolescents in ten European countries
and the USA (1998-2006): a cross-sectional survey. Public Health Nutr.
2014;17(10):2207-15.

ColeTJ, Lobstein T. Extended international (IOTF) body mass index cut-
offs for thinness, overweight and obesity. Pediatr Obes. 2012;7(4):284-94.

. NCD Risk Factor Collaboration (NCD-RisC). Worldwide trends in

body-mass index, underweight, overweight, and obesity from 1975

t0 2016: a pooled analysis of 2416 population-based measurement
studies in 128-9 million children, adolescents, and adults. Lancet.
2017,390(10113):2627-42.

Constant A, Boulic G, Lommez A, Chaillou R, Guy-Grand B, Raffin S. Locally
implemented prevention programs may reverse weight trajectories

in half of children with overweight/obesity amid low child-staff ratios:
results from a quasi-experimental study in France. BMC Public Health.
2020;20(1):941.

Romon M, Lommez A, Tafflet M, Basdevant A, Oppert JM, Bresson JL,
Ducimetiére P, Charles MA, Borys JM. Downward trends in the prevalence
of childhood overweight in the setting of 12-year school-and commu-
nity-based programmes. Public Health Nutr. 2009;12(10):1735-42.
Schmidt Morgen C, Rokholm B, Sjéberg Brixval C, Schou Andersen C,
Geisler Andersen L, Rasmussen M, Nybo Andersen AM, Due P, Serensen
TlI. Trends in prevalence of overweight and obesity in danish infants,
children and adolescents—are we still on a plateau? PLoS ONE.
2013;8(7):e69860.

Ahluwalia N, Dalmasso P, Rasmussen M, Lipsky L, Currie C, Haug E, Kelly C,
Damsgaard MT, Due P, Tabak |, Ercan O, Maes L, Aasvee K, Cavallo F. Trends
in overweight prevalence among 11-, 13- and 15-year-olds in 25 coun-
tries in Europe, Canada and USA from 2002 to 2010. Eur J Public Health.
2015;25(Suppl 2):28-32.

Flegal KM, Graubard BI, Williamson DF, Gail MH. Cause-specific excess
deaths associated with underweight, overweight, and obesity. JAMA.
2007,298(17):2028-37.

Engstrom JL, Paterson SA, Doherty A, Trabulsi M, Speer KL. Accuracy of
self-reported height and weight in women: an integrative review of the
literature. J Midwifery Womens Health. 2003;48(5):338-45.

Devaux M, Sassi F. Social inequalities in obesity and overweightin 11
OECD countries. Eur J Public Health. 2013;23(3):464-9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 9 of 9

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	French youth trends in prevalence of overweight, obesity and underweight from 2008 to 2018
	Abstract 
	Objective: 
	Results: 

	Introduction
	Main text
	Methods
	Measurements
	Anthropometric measures
	Statistical analysis


	Results
	Discussion
	Limitations
	Acknowledgements
	References




