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Abstract

Introduction: Changes in children’s daily schedules, such as during the COVID-19 pandemic, may
affect nutritional status. Our aim was to track changes in body weight and Body Mass Index (BMI)
in Viennese school children during the COVID-19 pandemic. To our knowledge this is one of the
first studies analyzing these changes during a year of the COVID-19 pandemic in Europe.

Materials and Methods: Observational prospective analysis (December 2019 to February 2021) of
repeated anthropometric measurements (body weight and height, BMI), in 8- to 11-year-old children
from a Viennese Primary School. Subgroup analyses by sex and weight status were conducted.

Results: 37 children [median age 9; 20 boys] were included. At baseline 15 (40.5%) children were
overweight/obese. Average change in weight was 8.28 (CI 95%: 7.02-9.55) kg. Within the first
period of follow-up (t, to t,), including the strictest lockdown in Austria, the BMI of the whole
sample increased more compared to the second (t, to t,) (1.50 v. 0.61 kg/m? units, p=0.038), with
boys increasing more weight than girls [1.67 (CI 95%: 0.20-3.15) kg, p=0.028]. Overall BMI in boys
increased more than in girls (2.41 v. 1.27 kg/m?* units, p=0.032). Children with obesity at baseline
gained more weight than normal weight children (11.6 v. 7.63 kg, p=0.014).

Conclusion: During the COVID-19 pandemic, prevalence of excessive weight in this Viennese
pediatric sample increased. Thus, maintaining steady daily routines and healthy interventions for
children is essential, along with tailored interventions for those who are already obese.

Introduction

Overweight and obesity has grown to an epidemic extent over the last decades and the prevalence
of children and adolescents with obesity has multiplied by the factor 11 in just 42 years (1975 to
2016) [1,2]. In 2021 data of the childhood obesity surveillance initiative showed that 30% of the
boys and 22% of the girls in Austria between 6 and 9 years old were overweight and/or obese [3].
As obesity implies serious health consequences, healthy eating during childhood is important not
only to assure optimal growth but also to reduce the risk of unhealthy weight gain [4]. Also data
has shown that the physical fitness is crucial for children’s health and has a negative correlation
with Body Mass Index (BMI), blood lipids and risk for cardiovascular diseases in later life [5,6].
Due to the fact that treating obesity during childhood is extremely ineffective, experts propose
evolving preventative obesity programs preferentially addressing children under the age of 11 [7-
9]. Childhood education settings such as schools pose an ideal setting for health promotion and
implementation of obesity prevention interventions. School-based prevention interventions have
been shown to be most effective when diet and physical activity components are jointly addressed
[4,10,11]. Recently, a study reported the positive changes in body composition in elementary school
children after combining daily 45 min of physical activity and healthy diet [12].

Since the outbreak of COVID-19 the world has changed rapidly and the daily routines of
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people have been impacted drastically. Children and adolescents
are especially affected by the closure of schools and the limited
access to indoor and outdoor activities. Social distancing measures
and stay at home orders may have exposed children to reduced
physical activity and a food environment that could exacerbate rapid
weight gain [13-15]. The impact of COVID-19 and its consequences
are multifactorial, comprising, among others, a reduced physical,
psychological and emotional health status. In particular, social
isolation stress is positively associated with an increased food intake
[15]. An environment of structured school days has been suggested
as an opportunity to protect children from obesogenic behaviors
[16]. Thus, increasing time out of school may lead to an increase in
childhood overweight and obesity [13].

Previous data from our group reported the dramatic increase
in body weight of children participating in the EDDY study during
the first stage of the COVID-19 pandemic when schools were
temporary closed and no obesity prevention intervention could take
place [17]. In Turkey, a study reported a 25% increase in percentile
of weight in young children after 3 months of extreme quarantine
measures [18]. Moreover, to our knowledge no study in Europe has
analyzed changes in anthropometric variables in children during the
COVID-19 pandemic for more than a year. The aim of this study was
to evaluate changes in body weight and BMI in children from the
EDDY study, during 14 months of follow-up in the context of the
COVID- 19 pandemic.

Materials and Methods
Study population

For the present analysis, we included 8 to 11 year-old kids from
the EDDY study of a Viennese primary school that completed all three
anthropometric measurements during the COVID-19 pandemic.
Briefly, the EDDY study is an intervention study that aims to prevent
obesity by affecting the lifestyle and nutrition habits of children, with
nutrition and physical activity training intervention. Details of the
EDDY study were previously published [19]. Usually, anthropometric
measurements are taken before and after the intervention, along with
two additionally follow-up measurements. Considering the context
of the COVID-19 pandemic, the nutrition and physical activity
intervention was interrupted due to temporary closure of schools.
However, anthropometric measurements (body weight and height)
were performed and BMI was calculated.

Study design

A total of n=37 primary school children were observed over
a period of 14 months, including 12 months of the COVID-19

pandemic starting in March 2020. The observation consisted of 3
measurement points: December 2019 (t ), June 2020 (t,), February
2021 (t,). Therefore, three follow-up periods were considered: Whole
follow-up period (t,-t,), first follow-up period (t,- t,), and second
follow-up period (t,-t,). At all 3 time points the body weight and the
body height were evaluated, and the BMI calculated. At baseline (t,)
and middle-point testing (t,), the body weight was measured with the
bioelectrical impedance analysis scale (Tanita MC-780MA), wearing
light indoor clothing without shoes. Body height was evaluated with
a stadiometer (Seca, Hamburg, Germany) with the kid standing and
maintaining the head in the Frankfort Horizontal Plane position,
without shoes. All measurements were performed by a trained team.
Due to COVID-19 mitigation measurements, the last-point testing
(t,) measurements were performed by the teachers. In order to obtain
accurate measures, the EDDY team standardized the measurement
procedures among teachers, by giving measuring instructions via
video. The anthropometric equipment was also provided.

Afterwards, the BMI was calculated as weight (kg) divided
by square height (m?) and classified according to age and sex [20].
For our analysis, low weight was classified <3™ percentile, normal
weight > 3" percentile and overweight > 90 percentile, according
to Kromeyer- Hauschild. The obesity category was considered as the
sum of the obesity (= 97" percentile) and extreme obesity (= 99.5"
percentile) original categories.

Statistical analysis

SPSS Software (IBM SPSS Statistics v.26, New York) was used
for statistical analysis. Continuous variables were expressed as
the mean (CI 95%) or (min-max), and categorical variables were
expressed as absolute number and proportions. Sex differences and
anthropometric continuous variables were assessed using two-sample
Student’s t-tests. Means and proportions were compared using a
Student’s t-test (or ANOVA) and a Chi squared test, respectively.
Statistical significance was considered when p<0.05.

Results

Overall, n=37 kids [median age 9 (min-max: 8.3 to 11.0) years old;
n=20 boys] were followed-up during 14 months. Nutritional status
according to BMI classification is shown in Table 1. At baseline (t,),
n=15 kids (40.5%) were classified with excessive BMI for their age and
sex. According to sex, n=10 (50%) boys and n=5 (29.5%) girls were
classified as overweight/obese. After 6 months of follow-up (t,), n=20
kids (54%) were classified as overweight or obese according to age and
sex; according to sex 14 boys (70%) were classified with excessive BMI
for their age; n=9 (45%) with obesity. Among girls, overweight and
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Figure 1: Distribution of children according to body mass index categories, sex and time testing.
Low weight was classified <3 percentile, normal weight > 3 percentile and overweight = 90" percentile, according to Kromeyer-Hauschild. Obesity category was
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Table 1: Nutritional classification according to body mass index categories by sex and time testing.

t, December 2019 t, June 2020 t, February 2021

BMI category n (%) B(()g“slr:;)zo Gé;};«;;,:)w Total n=37 B?Sy:lrl/:o)ZO G(IZ:;;:)W Total n=37 B?Syjlrl/:O)ZO Gé;};g;:)w Total n=37
Low weight 1 (5.0) 0 1(2.7) 0 0 0 0 0
Normal 9 (45.0) 12 (70.6) 21 (56.8) 6 (30.0) 11 (64.7) 17 (46.0) 7 (35.0) 13 (76.4) 20 (54.1)
Over weight 5(25.0) 2 (11.8) 7(18.9) 5 (25.0) 4 (23.5) 9(24.3) 7 (35.0) 2 (11.8) 9 (24.3)
Obesity* 5(25.0) 3(17.7) 8(21.6) 9 (45.0) 2(11.8) 11 (29.7) 6 (30.0) 2(11.8) 8 (21.6)
!includes obesity and extreme obesity (= p97). Chi square test t, p= 0.45; t, p = 0.055; t, p =0.042
Reference: BMI: Body Mass Index; t: Baseline; t,: Middle-point testing; t,: Last-point testing
Table 2: Changes in weight and body mass index by sex and time testing.

First follow-up period (t,t,) Second follow-up period (t,-t,) p value!
All
Weight (kg) 4.59 (3.81-5.36) 3.69 (2.71-4.68) 0.16
BMI (kg/m?) 1.50 (1.13-1.86) 0.61 (-0.04-1.3) 0.038
Boys
Weight (kg) 5.36 (4.14-6.57) 4.02 (2.44-5.59) 0.18
BMI (kg/m?) 1.85 (1.29-2.40)* 0.98 (-0.15-2.10) 0.22
Girls
Weight (kg) 3.68 (2.84-4.52) 3.32(2.05-4.58) 0.63
BMI (kg/m?) 1.09 (0.66-1.52) 0.18 (-0.45-0.81) 0.042

Values indicate mean difference (Cl 95%). 'Paired student’s t-test between first and second follow-up
Reference: BMI: Body Mass Index; First follow-up period [changes from December 2019 (t,) to June 2020 (t,)]; Second follow-up period [changes from June 2020

(t,) to December 2020 (t,)]. Difference between sexes: *p=0.033 *p=0.028

Table 3: Changes in weight and body mass index by nutritional status at baseline during the follow-up period.

BMI category Al Boys Girls
at to (December 2019) Weight (kg) BMI (kg/m?) Weight (kg) BMI (kg/m?) Weight (kg) BMI (kg/m?)
Low weight (n=1) 3.0 0.55 3.0 0.55 -

Normal (n=21) 7.63 (3.0-12.5) 2.02 (-0.52-5.48)

9.19 (3.1-12.5)

2.90 (0.06-5.48) 6.46 (3.0-12.2) 1.37 (-0.52-3.23)

Overweight (n=8) 7.75 (3.0-15.5) 1.02 (-1.84-5.02)

8.14 (4.2-15.5)

1.54 (-0.83-5.02) 7.1(3.0-10.9) 0.15 (-1.84-1.58)

11.6 (7.5-18.6)* 2.66 (1.63-4.68)

Obesity* (n=7)

12.2 (7.5-18.6)

2.77 (2.07-4.68) 10.1 (9.5-10.7) 2.38 (1.63-3.13)

Values indicate mean difference change (min max). Reference: BMI body mass index

lincludes obesity and extreme obesity (=p97)
*p=0.014 comparing to those with normal weight at baseline

obesity at t, was present in n=6 (35.3%) (p=0.055). At the last-point
testing (t,), n=17 (45.9%) of the kids were classified as overweight/
obese; n=13 (65%) boys and n=4 (23.6%) girls (p=0.042). Figure 1
shows the distribution of children according to BMI categories, sex
and time testing.

During the entire follow-up period (t-t,), average change in
weight was 8.28 (CI 95%: 7.02-9.55) kg. Boys increased 9.37 (CI
95%: 7.39-11.35) kg, while girls increased 7.00 (CI 95%: 5.56-8.44) kg
(p=0.057). BMI increased 1.89 (CI 95%: 1.34-2.43) units during the
14-month follow- up period, with the increase being higher in boys
[2.41 (CI 95%: 1.59-3.23) kg/m?] than in girls [1.27 (CI 95%: 0.63-
1.92) kg/m’] (p=0.032). Changes in weight and BMI according to sex
and period of time testing are shown in Table 2.

The overall increase in weight during the first follow-up period
(t,-t,) was 4.59 (CI 95%: 3.81-5.36) kg and during the second follow-
up period (t-t,) 3.69 (CI 95%: 2.71-4.68) kg (p=0.16). During the
first follow-up period (t -t ), boys increased significantly more weight
than girls [1.67 (CI 95%: 0.20-3.15) kg p=0.028)]. No difference
was observed in weight changes by sex during the second follow-
up period (t,-t,). Regarding BMI, in the whole sample the increase
during the first follow-up period (t -t,) was significantly higher than

during the second follow-up period (t,-t,) [0.88 (CI 95%: 1.7-0.05) kg/
m? units, p=0.038]. Only in girls, the increase in BMI was higher in
the first follow-up period (t-t,) than in the second follow-up period
(t,-t,) [0.90 (CI 95%: 0.04-1.8) kg/m’ units, p=0.042] (Table 2).

When observing changes in weight and absolute BMI according
to BMI categories at baseline (t,) (Table 3), those children classified
as obese at baseline increased significantly more weight during the
whole follow-up period (t,-t,) than normal weight children (11.6 v.
7.63 kg, p=0.014).

Discussion

During 14-months of follow-up in a Viennese sample of primary
school children during the COVID-19 pandemic, our study showed
that excessive weight for age and sex increased. During the first stage
of the pandemic, characterized by the outbreak of SARS-CoV-2 and
very strict mitigation measures (home confinement, movement
restrictions), gain in weight was higher in boys than in girls. Overall,
children classified as obese increased significantly more weight than
those who were normal weight for age. To our knowledge this is one
of the first studies that analyses changes in children’s weight and BMI
during the COVID-19 pandemic for more than a year in Europe.
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It is reasonable to hypotethize that the large scale lockdown under
the COVID-19 pandemic would predispose in increase in weight,
as it has been described that during holidays (e.g. summer recess,
involving shorter periods off school) children tend to gain weight
[13,16]. Our results showed that overall, percentage of overweight
and obesity during the follow-up period increased approximately 5%,
with an outstanding increase during the first stage of the pandemic.
Moreover, during this time the increase in weight and BMI was more
important. It should be taken into consideration that the pandemic
year in Austria was characterized by different mitigation measures
that may have impacted differently the children daily routines.
During the first period, schools were closed, public circulation was
not allowed and shops and recreation centers were closed. While
in the second period of the pandemic, mitigation measures were
gradually loosened; parents and children returned back to their daily
routines little by little, just interrupted by short periods of stricter
lockdown. During this period schools were open most of the days;
however, physical activity inside was not allowed, which may partially
explain our results.

Recently, a review reported that during the ongoing pandemic,
children and adolescents increased weight and food preferences for
potatoes, meat and sugary drinks [14]. Moreover, another study
showed that the prevalence of physical inactivity during the first 2
months of the pandemic has more than doubled [21], and total screen
time increased. More time spend at home during the lockdown
somehow posits children to less opportunities of engaging in physical
activities, less regulation of screen time and sleeping schedules, as well
as disruptive meal patterns [16]. Replicating such lifestyle patterns
in a more extensive period of time (e.g. if the pandemic continues)
may further impact negatively on children’s weight and health status.
Moreover, our results showed that those children who already had
excessive weight at the beginning of the pandemic, gained more
weight than those with normal weight.

Accordingly, it has been previously described that children
already overweight were more susceptible to excessive weight gain
during school breaks (e.g. summer holidays), compared to normal
weight children [22]. In school-aged children with obesity in Spain, an
increase of 7.5 + 3.2 kg in weight was registered after the COVID-19
lockdown period [23]. Another study addressed a significant weight
gain of 2.8 + 3.7 kg in adolescents with obesity [24]. Accordingly to
our findings, these authors also reported gender differences in weight
gain, towards a higher increase in boys [24].

Sticking to a healthy lifestyle while falling out of their routine
structures seems to be particularly challenging for children who
already carry excessive weight. A recent report from Italy observing
lifestyle changes of children and adolescents with obesity, reported as
main disturbances the increase of time spent in a sedentary position
and the perception of feeling hungry [25]. Anxiety experienced during
this period, related to changes in the daily routine (online lessons,
being at home all day, less socialization, disturbance in meal patterns,
and less opportunity to move) may turn mood into a stimulus for
food intake and exacerbate calorie intake without feeling hungry [26].
On the contrary, we found one study also conducted in schools that
reported that children with overweight or obesity did not experience
acceleration in BMI change compared to children with normal weight
[27]. The authors speculated that children with excessive weight are
already engaged in an obesogenic environment therefore increase in
weight may have been less dramatic [27]. This posits the challenge of
addressing all children, independently of their nutritional status, in

the goal of changing the tendency towards increase in weight during
periods of confinement.

Moreover, young children are dependent on their parent’s
choices. Thus, preventive efforts to reduce weight gain are more
likely to have optimal effects if they involve parents [28,29]. During
the second wave of the pandemic, a study assessed dietary changes
in adults in 3 European countries, including Austria [30]. Overall,
Austrian participants reported an increase in frequency of daily
consumption of dairy, grains, fats, vegetables and sweets; and alcohol
intake increased. When asked about perception of change in body
weight, the largest percentage of Austrian participants reported no
changes in weight, however; more than 30% acknowledged having
increased their weight [30]. A study conducted in 3 countries (Saudi
Arabia, United Kingdom, and Turkey) assessed, from the perspective
of parents, whether their children’s weight changed during the
pandemic. 63% of parents indicated that children did not gain weight
[31]. Therefore, combined home-strategies involving the whole family
are desirable if changes in children are expected. A recent systematic
review addressed that most effective school-based interventions to
prevent obesity had parental involvement [32].

Strengths of this study include the extensive follow-up period that
allowed addressing the long-lasting effects of the restrictive lifestyle
patterns in weight and BMI. Moreover, we assessed anthropometric
variables under direct measurements in 2 of the 3 time-points.
Several of the studies published recently assessing the effects of the
COVID-19 pandemic have relied on self-reported weight status and
questionnaires. Some limitations however should be addressed. First,
the small number of children involved; therefore, our findings may
not be generalizable to the entire pediatric population of Austria.
Second, the lack of complementary measures (behavioral, food
intake, physical activity) beyond anthropometrics that would have
allowed us to examine possible factors associated with these changes
in weight.

The long-term repercussions of the pandemic on children’s
health is important, as excessive weight during childhood has been
associated with higher BMI and fat mass during adulthood [33].
As early puberty is a period characterized by rapid changes in body
composition and movement behaviors, interventions focusing on
healthy eating and physical activity behaviors to successfully prevent
excessive weight gain are necessary, particularly within and after the
course of the pandemic.

Moreover, since approximately 1 of 4 children in Austria is
already overweight or obese, some consideration should be put on
preventing progression of childhood obesity in school settings [3].
Alternatives to generic teacher-led curriculum interventions, such
as computer- tailored personalized education in the classroom [10],
and increasing the quantity of physical activity may be approaches to
achieve better results [34].

Conclusion

This study shows an increase in weight in a sample of a Viennese
pediatric population in the context of the COVID-19 pandemic,
with boys being affected more than girls. These results urge for
the immediate implementation of prevention strategies, such as
combined online nutrition and physical activity interventions during
lockdowns. Because of the increased time spent at home with family
during the pandemic (school closures, lockdown, etc.) the parental
involvement might be more important. Also schools and teachers
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might have a substantial role because of the continuous contact to
the parents. Moreover, as obese children are even more affected
by the pandemic, targeted interventions (e.g. weight management
programs to reduce excessive weight gain) are necessary to help them
reduce weight sustainably through a multidisciplinary approach (e.g.
doctors, psychotherapy, dietitians, etc). Overall the implementation
of adapted online physical activity and nutrition interventions for
children in a pandemic, especially during school-closures, is essential
to stay in contact with children and help them maintain steady and
healthy daily routines during this period.

References

1.
2.

10.

11.

12.

13.

14.

15.

16.

World Health Organization. Obesity. 2021.

Abarca-Gomez L, Abdeen ZA, Hamid ZA, Abu-Rmeileh NM, Acosta-
Cazares B, Acuin C, et al. Worldwide trends in body-mass index,
underweight, overweight, and obesity from 1975 to 2016: A pooled analysis
of 2416 population-based measurement studies in 128.9 million children,
adolescents, and adults. The Lancet. 2017;390(10113):2627-42.

WHO European Childhood Obesity Surveillance Initiative (COSI) Report
on the fourth round of data collection. 2015-2017. 2021.

Bleich SN, Vercammen KA, Zatz LY, Frelier JM, Ebbeling CB, Peeters
A. Interventions to prevent global childhood overweight and obesity: A
systematic review. Lancet Diabetes Endocrinol. 2018;6(4):332-46.

Ortega FB, Ruiz JR, Espana-Romero V, Vicente-Rodriguez G, Martinez-
Gomez D, Manios Y, etal. The International Fitness Scale (IFIS): Usefulness
of self-reported fitness in youth. Int ] Epidemiol. 2011;40(3):701-11.

Garcia-Hermoso A, Ramirez-Campillo R, Izquierdo M. Is muscular fitness
associated with future health benefits in children and adolescents? A
systematic review and meta- analysis of longitudinal studies. Sports Med.
2019;49(7):1079-94.

Widhalm K, Fritsch M, Widhalm H, Silberhumer G, Dietrich S, Helk O, et
al. Bariatric surgery in morbidly obese adolescents: Long-term follow-up.
Int J Pediatr Obes. 2011;6(S1):65-9.

Widhalm K. Prevention of obesity in childhood and adolescence. Obes
Facts. 2018;11(3):232-3.

Verrotti A, Penta L, Zenzeri L, Agostinelli S, De Feo P. Childhood
obesity: Prevention and strategies of intervention. A systematic review
of school-based interventions in primary schools. ] Endocrinol Invest.
2014;37(12):1155-64.

De Bourdeaudhuij I, Van Cauwenberghe E, Spittaels H, Oppert J-M,
Rostami C, Brug J, et al. School-based interventions promoting both
physical activity and healthy eating in Europe: A systematic review within
the HOPE project. Obes Rev. 2011;12(3):205-16.

Brown T, Moore TH, Hooper L, Gao Y, Zayegh A, Ijaz S, et al.
Interventions for preventing obesity in children. Cochrane Database Syst
Rev. 2019;7(7):CD001871.

Goswami N, Trozic I, Fredriksen MV, Fredriksen PM. The effect of
physical activity intervention and nutritional habits on anthropometric
measures in elementary school children: The Health Oriented Pedagogical
Project (HOPP). Int ] Obes (Lond). 2021;45(8):1677-86.

Rundle AG, Park Y, Herbstman JB, Kinsey EW, Wang YC. COVID-19-
related school closings and risk of weight gain among children. Obesity
(Silver Spring). 2020;28(6):1008-9.

Stavridou A, Kapsali E, Panagouli E, Thirios A, Polychronis K, Bacopoulou
F, et al. Obesity in children and adolescents during COVID-19 pandemic.
Children (Basel). 2021;8(2):135.

Saurabh K, Ranjan S. Compliance and psychological impact of quarantine
in children and adolescents due to COVID-19 pandemic. Indian ] Pediatr.
2020;87(7):532-6.

Brazendale K, Beets MW, Weaver RG, Pate RR, Turner-McGrievy GM,
Kaczynski AT, et al. Understanding differences between summer vs.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

school obesogenic behaviors of children: The structured days hypothesis.
Int J Behav Nutr Phys Act. 2017;14(1):100.

Widhalm K, Rosenauer H, Gansterer A, Matjazic J. Dramatic increase
of body weight during COVID-19 breakdown: Data from the Austrian
prevention project Eddy Kids 2018/19 and Eddy Kids 2019/20. Austin J
Nutr Food Sci. 2021;9(1):1149.

Baysun S, Akar MN. Weight gain in children during the COVID-19
Quarantine period. ] Paediatr Child Health. 2020;56(9):1487-8.

Widhalm K, Helk O, Pachinger O. The Viennese EDDY study as a role
model for obesity: Prevention by means of nutritional and lifestyle
interventions. Obes Facts. 2018;11(3):247-56.

Kromeyer-Hauschild K, Wabitsch M, Kunze D, Geller F, Geifs HC, Hesse
V, etal. Perzentile fur den body-mass-index fur das kindes-und jugendalter
unter heranziehung verschiedener deutscher stichproben. Monatsschr
Kinderheilkd. 2001;149(8):807-18.

Xiang M, Zhang Z, Kuwahara K. Impact of COVID-19 pandemic on
children and adolescents’ lifestyle behavior larger than expected. Prog
Cardiovasc Dis. 2020;63(4):531-2.

Tanskey LA, Goldberg J, Chui K, Must A, Sacheck J. The state of the
summer: A review of child summer weight gain and efforts to prevent it.
Curr Obes Rep. 2018;7(2):112-21.

Dura-Trave T. Home confinement for COVID-19 and weight gain in
schoolchildren and adolescents. Nutr Hosp. 2021;38(1):213-4.

Maltoni G, Zioutas M, Deiana G, Biserni GB, Pession A, Zucchini S.
Gender differences in weight gain during lockdown due to COVID-19
pandemic in adolescents with obesity. Nutr Metab Cardiovasc Dis.
2021;31(7):2181-5.

Nicodemo M, Spreghini MR, Manco M, Wietrzykowska Sforza R, Morino
G. Childhood obesity and COVID-19 lockdown: Remarks on eating
habits of patients enrolled in a food- education program. Nutrients.
2021;13(2):383.

Marty L, de Lauzon-Guillain B, Labesse M, Nicklaus S. Food choice
motives and the nutritional quality of diet during the COVID-19 lockdown
in France. Appetite. 2021;157:105005.

Weaver RG, Hunt ET, Armstrong B, Beets MW, Brazendale K, Turner-
McGrievy G, et al. COVID-19 leads to accelerated increases in children’s
BMI z-score gain: an interrupted time-series study. Am ] Prev Med.
2021;50749-3797(21)00236-1.

Okely AD, Collins CE, Morgan PJ, Jones RA, Warren JM, Cliff DP, et al.
Multi-site randomized controlled trial of a child-centered physical activity
program, a parent- centered dietary-modification program, or both in
overweight children: The HIKCUPS study. ] Pediatr. 2010;157(3):388-94.
el.

Langford R, Bonell CP, Jones HE, Pouliou T, Murphy SM, Waters E, et al.
The WHO health promoting school framework for improving the health
and well-being of students and their academic achievement. Cochrane
Database Syst Rev. 2014.

Skotnicka M, Karwowska K, Ktobukowski F, Wasilewska E, Malgorzewicz
S. Dietary habits before and during the COVID-19 epidemic in selected
European countries. Nutrients. 2021;13(5):1690.

Bahatheg RO. Young children’s nutrition during the COVID-19 pandemic
lockdown: A comparative study. Early Child Educ J. 2021:49:915-23.

Chavez RC, Nam EW. School-based obesity prevention interventions in
Latin America: A systematic review. Rev Saude Publica. 2020;54:110.

Rundle AG, Factor-Litvak P, Suglia SF, Susser ES, Kezios KL, Lovasi GS, et
al. Tracking of obesity in childhood into adulthood: Effects on body mass
index and fat mass index at age 50. Child Obes. 2020;16(3):226-33.

Truong K, Park S, Tsiros MD, Milne N. Physiotherapy and related
management for childhood obesity: A systematic scoping review. PLOS
ONE. 2021;16(6):€0252572.

Remedy Publications LLC.

2021 | Volume 5 | Issue 2 | Article 1060


https://www.who.int/health-topics/obesity#tab=tab_1
https://pubmed.ncbi.nlm.nih.gov/29029897/
https://pubmed.ncbi.nlm.nih.gov/29029897/
https://pubmed.ncbi.nlm.nih.gov/29029897/
https://pubmed.ncbi.nlm.nih.gov/29029897/
https://pubmed.ncbi.nlm.nih.gov/29029897/
https://apps.who.int/iris/bitstream/handle/10665/341189/WHO-EURO-2021-2495-42251-58349-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/341189/WHO-EURO-2021-2495-42251-58349-eng.pdf
https://pubmed.ncbi.nlm.nih.gov/29066096/
https://pubmed.ncbi.nlm.nih.gov/29066096/
https://pubmed.ncbi.nlm.nih.gov/29066096/
https://pubmed.ncbi.nlm.nih.gov/30953308/
https://pubmed.ncbi.nlm.nih.gov/30953308/
https://pubmed.ncbi.nlm.nih.gov/30953308/
https://pubmed.ncbi.nlm.nih.gov/30953308/
https://pubmed.ncbi.nlm.nih.gov/21905819/
https://pubmed.ncbi.nlm.nih.gov/21905819/
https://pubmed.ncbi.nlm.nih.gov/21905819/
https://www.karger.com/Article/FullText/489182
https://www.karger.com/Article/FullText/489182
https://pubmed.ncbi.nlm.nih.gov/25200996/
https://pubmed.ncbi.nlm.nih.gov/25200996/
https://pubmed.ncbi.nlm.nih.gov/25200996/
https://pubmed.ncbi.nlm.nih.gov/25200996/
https://pubmed.ncbi.nlm.nih.gov/20122137/
https://pubmed.ncbi.nlm.nih.gov/20122137/
https://pubmed.ncbi.nlm.nih.gov/20122137/
https://pubmed.ncbi.nlm.nih.gov/20122137/
https://pubmed.ncbi.nlm.nih.gov/31332776/
https://pubmed.ncbi.nlm.nih.gov/31332776/
https://pubmed.ncbi.nlm.nih.gov/31332776/
https://pubmed.ncbi.nlm.nih.gov/32227671/
https://pubmed.ncbi.nlm.nih.gov/32227671/
https://pubmed.ncbi.nlm.nih.gov/32227671/
https://pubmed.ncbi.nlm.nih.gov/33673078/
https://pubmed.ncbi.nlm.nih.gov/33673078/
https://pubmed.ncbi.nlm.nih.gov/33673078/
https://pubmed.ncbi.nlm.nih.gov/32472347/
https://pubmed.ncbi.nlm.nih.gov/32472347/
https://pubmed.ncbi.nlm.nih.gov/32472347/
https://ijbnpa.biomedcentral.com/articles/10.1186/s12966-017-0555-2
https://ijbnpa.biomedcentral.com/articles/10.1186/s12966-017-0555-2
https://ijbnpa.biomedcentral.com/articles/10.1186/s12966-017-0555-2
https://ijbnpa.biomedcentral.com/articles/10.1186/s12966-017-0555-2
https://austinpublishinggroup.com/nutrition-food-sciences/fulltext/ajnfs-v9-id1149.php
https://austinpublishinggroup.com/nutrition-food-sciences/fulltext/ajnfs-v9-id1149.php
https://austinpublishinggroup.com/nutrition-food-sciences/fulltext/ajnfs-v9-id1149.php
https://austinpublishinggroup.com/nutrition-food-sciences/fulltext/ajnfs-v9-id1149.php
https://pubmed.ncbi.nlm.nih.gov/32779316/
https://pubmed.ncbi.nlm.nih.gov/32779316/
https://www.karger.com/Article/FullText/481140
https://www.karger.com/Article/FullText/481140
https://www.karger.com/Article/FullText/481140
https://link.springer.com/article/10.1007/s001120170107
https://link.springer.com/article/10.1007/s001120170107
https://link.springer.com/article/10.1007/s001120170107
https://link.springer.com/article/10.1007/s001120170107
https://pubmed.ncbi.nlm.nih.gov/32360513/
https://pubmed.ncbi.nlm.nih.gov/32360513/
https://pubmed.ncbi.nlm.nih.gov/32360513/
https://link.springer.com/article/10.1007/s13679-018-0305-z
https://link.springer.com/article/10.1007/s13679-018-0305-z
https://link.springer.com/article/10.1007/s13679-018-0305-z
https://pubmed.ncbi.nlm.nih.gov/33179510/
https://pubmed.ncbi.nlm.nih.gov/33179510/
https://pubmed.ncbi.nlm.nih.gov/33994065/
https://pubmed.ncbi.nlm.nih.gov/33994065/
https://pubmed.ncbi.nlm.nih.gov/33994065/
https://pubmed.ncbi.nlm.nih.gov/33994065/
https://pubmed.ncbi.nlm.nih.gov/33530570/
https://pubmed.ncbi.nlm.nih.gov/33530570/
https://pubmed.ncbi.nlm.nih.gov/33530570/
https://pubmed.ncbi.nlm.nih.gov/33530570/
https://pubmed.ncbi.nlm.nih.gov/33068666/
https://pubmed.ncbi.nlm.nih.gov/33068666/
https://pubmed.ncbi.nlm.nih.gov/33068666/
https://pubmed.ncbi.nlm.nih.gov/34148734/
https://pubmed.ncbi.nlm.nih.gov/34148734/
https://pubmed.ncbi.nlm.nih.gov/34148734/
https://pubmed.ncbi.nlm.nih.gov/34148734/
https://pubmed.ncbi.nlm.nih.gov/20447648/
https://pubmed.ncbi.nlm.nih.gov/20447648/
https://pubmed.ncbi.nlm.nih.gov/20447648/
https://pubmed.ncbi.nlm.nih.gov/20447648/
https://pubmed.ncbi.nlm.nih.gov/20447648/
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD008958.pub2/full
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD008958.pub2/full
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD008958.pub2/full
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD008958.pub2/full
https://www.mdpi.com/2072-6643/13/5/1690
https://www.mdpi.com/2072-6643/13/5/1690
https://www.mdpi.com/2072-6643/13/5/1690
https://link.springer.com/article/10.1007/s10643-021-01192-3
https://link.springer.com/article/10.1007/s10643-021-01192-3
https://pubmed.ncbi.nlm.nih.gov/33146300/
https://pubmed.ncbi.nlm.nih.gov/33146300/
https://www.liebertpub.com/doi/full/10.1089/chi.2019.0185
https://www.liebertpub.com/doi/full/10.1089/chi.2019.0185
https://www.liebertpub.com/doi/full/10.1089/chi.2019.0185
https://pubmed.ncbi.nlm.nih.gov/34125850/
https://pubmed.ncbi.nlm.nih.gov/34125850/
https://pubmed.ncbi.nlm.nih.gov/34125850/

	Title
	Abstract
	Introduction
	Materials and Methods
	Study population
	Study design
	Statistical analysis

	Results
	Discussion
	Conclusion
	References
	Figure 1
	Table 1
	Table 2
	Table 3



