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Abstract: The aim of this study was to check whether following the recommendations of the World
Health Organization (WHO) concerning physical activity protects children and adolescents against
the occurrence of overweight and obesity. A total of 1002 children were included in the analysis.
The average age of the studied children was 9.36 years + 3.52 years. Measurement of height and
body mass was performed for every child, followed by physical activity assessment over seven days.
In each group analyzed, the overweight and obese children had a shorter time in moderate to
vigorous physical activity (MVPA) than the children with normal body mass. Among the children
spending < 60 min per day in MVPA, the risk of occurrence of overweight and obesity was greater
than among children with physical activity > 60 min per day. It was also shown that the greatest
risk of occurrence of body mass disorder was a situation in which the mother’s gestational weight
gain (GWG) is over 18 kg and the child does not spend a minimum of 60 min/day in MVPA. Not
meeting the recommendation is connected with an increased chance of the occurrence of overweight
and obesity. The level of physical activity influences the incidence of overweight and obesity. The
children with overweight and obesity spent less time per day in MVPA. An increased body mass in
mothers during pregnancy associated with a child’s low level of physical activity increases the risk
of the occurrence of overweight and obesity.
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1. Introduction

Physical activity is any movement made by the human body using the skeletal muscles. It is of
great importance as a preventive and healing factor [1]. The developmental period is characterized
by large changes in the child’s body, especially in the field of the musculoskeletal and cardiovascular
system, motor coordination and movement control. A large role is assigned to shaping body
composition, which can be regulated through physical activity [2]. Exercise reduces sympathetic
activation and blood pressure, improve insulin sensitivity, lipid profile, as well as promote the
expenditure of excess energy from adipose tissue while reducing body weight [3]. Children who are
overweight or obese are much more likely to develop further noncommunicable diseases in
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adulthood, including insulin resistance (pre-diabetes), diabetes, arterial hypertension, coronary
artery disease, and fatty liver disease. Therefore, the implementation of regular physical activity as a
permanent habit in the lifestyle of overweight and obese children, as well as the correct bodyweight,
is crucial for their health [4].

In order for physical activity to play the role of a preventive factor, it must be performed
frequently, regularly and with a given intensity. It is commonly accepted that children and
adolescents aged 5-17 (regardless of sex, race or social status) should spend at least 60 min per day
in moderate to vigorous physical activity (MVPA), e.g., fun and games, sport, housework, recreation,
physical education, or planned exercises in the context of family and school activities. Physical
activity over 60 min provides additional health benefits [5]. Most of the daily physical activity should
be aerobic. Intensive exercises, including those that strengthen muscles and bones (compression,
stretching, torsional movements), should also be included at least three times per week [6]. In
addition, it should be remembered that obesity does not appear in a child within a short time and
often, its causes go back to the prenatal period. Therefore, it is important to take into account also
factors that may affect the baby during pregnancy [7-9]. In the available literature, there are no
connections about, i.e., the influence of maternal weight gain during pregnancy and the current level
of physical activity of the child on the odds of obesity in this child. There is also little data on the
study of physical activity of children with weight disorders using accelerometers. There are many
more publications in which the authors used simpler devices —pedometers, while a 3-axis accelerator
is a safe method of assessing activity in adults, children and pregnant women. Unlike pedometers,
they record the user’s movement in all three axes, thanks to which it is possible to distinguish between
real movement and, e.g., walking on the spot or moving a hand [10-14].

There is a great need to analyze physical activity in the context of a preventive factor in the
development of overweight and obesity in children, as well as to constantly monitor the level of
compliance with the standards of physical activity [15]. This is necessary to detect excessive weight
gain in some children quickly enough, enabling early interventions to be implemented. Hence the
aim of the study was to check whether meeting the World Health Organization (WHO)
recommendation on physical activity protects children and adolescents against becoming overweight
or obese. Moreover, our second goal was to check the influence of a child’s current level of physical
activity and the maternal weight gain during pregnancy on the odds of obesity in this child due to
the lack of the above data in the available literature.

2. Materials and Methods

2.1. Participants

The study covered 1300 school and kindergarten children. The final size of the study group was
affected by the specified inclusion criteria (consent of the parent or legal guardian and the child to
participate in the study, age of the child between 3 and 18 years old) and the exclusion criteria
(disability or injuries in the lower limbs preventing physical activity).

After the parents’ written consent was obtained, 1196 children were qualified for the study and
asked to wear the accelerometer. Of those, 74 had insufficient recording time on weekdays, 86 had
insufficient recording time on free days (Saturday-Sunday), and 34 did not achieve a sufficient
number on weekdays and weekends. Finally, 1002 children were included in the analysis.

The average age of the studied children was 9.36 + 3.52 years. In the studied group, there was a
slightly higher number of boys compared to girls (527 vs. 475).

The research was based on a group of children, as children’s young bodies are constantly
developing. Physical activity is a modifiable factor that can protect against excessive body weight
[16], diabetes [17], arterial hypertension [18], posture defects [19] in children or depression [20].

Additionally, the study group was divided into age groups. This division is based on the
different stages of children’s motor development as well as the different motor needs of the child.
Children aged 4-6 show a greater tendency to mobility and a greater natural need for exercise. Older
children are less likely to exercise, especially in adolescence.



Int. ]. Environ. Res. Public Health 2020, 17, 8918 3 of 11
In addition, the project collected information about the children’s parents and perinatal factors.

2.2. Methods

Schools participating in the study were selected by random sampling. Each participant was
examined while on an empty stomach, and subsequent measurements were taken in the morning
hours. Measurements of body height and weight were performed for each child, followed by physical
activity assessment over 7 days.

In addition, parents completed a questionnaire providing basic information about the child and
family and provided a photocopy of the child’s health book and mother’s pregnancy card.

The research was approved by the Bioethics Committee of the University of Rzeszéw No.
18/12/2015 of 2 December 2015.

2.3. Anthropometric Measurements

Body height was measured using a Seca 213 stadiometer (Seca, Hamburg, Germany). The subject
stood barefoot, with his back to the measuring part of the height meter. Body height was measured 3
times, and the mean value was calculated to eliminate measurement error.

Bodyweight was assessed using a Tanita BC 420 MA analyzer (Tanita, Tokyo, Japan). The subject
stood barefoot on the analyzer. The upper limbs were placed along the torso, held slightly away from
it. The tester entered the age and body height of the subject into the analyzer software. After about
10 s, the result was obtained in the form of a printout.

2.4. Physical Activity Assessment

Physical activity was assessed using the accelerometer Actigraph wGT3X-BT monitor
(Actigraph, Pensacola, FL, USA). Each participant wore an accelerometer on the right side, above the
hip, for 7 consecutive days of the week from morning to evening (put on immediately after waking
up and taken off immediately before going to sleep). The children were required to wear the
accelerometer during all physical activities (e.g., sports, dance, recreational, physical education, etc.).
The accelerometer was removed only for sleep, during a visit to the swimming pool and for bathing
(the device is not waterproof).

Valid days of physical activity, subject to further evaluation, were considered for the results
covering a minimum of 4 days of the recording material (at least 500 min a day), including a minimum
of 3 weekdays and a minimum of 1 day of the weekend. The remaining results were considered
invalid and rejected [21]. The level of physical activity was determined according to research
conducted by Evenson et al. [22], which identified the following division of levels of physical activity:

- sedentary: 0-100 counts per minute (CPM);
- light: 101-2295 CPM:

- moderate: 22964011 CPM;

- intensive: 4012— CPM.

In addition, information on the increase in the mother’s weight during pregnancy was included
in the analysis.

After all of the above data were collected, the children’s current body mass index (BMI)
percentile was determined in relation to Polish centile grids [23], and the children’s body mass
category was determined based on the BMI centile in relation to the classification by Barlow et al.
[24].

2.5. Statistical Analysis

Data analysis was performed using selected methods of descriptive statistics and statistical
inference. Selected numerical characteristics of the tested parameters were determined: arithmetic
mean (x), median (Me), the highest (maximum) and lowest (minimum) values, standard deviation(s).
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The verification of research hypotheses was carried out—depending on the nature of the
compared features—by means of appropriate statistical tests. The level of statistical significance (p)
was adopted where p <0.05.

To assess the differences in percentage distribution (or the incidence of a certain phenomenon)
in the compared groups, the chi-squared test of independence was used, which is a statistical test
used to examine the relationship between two features measured on a nominal scale. Where the
relationship between measurable and nominal characteristics was tested, then the Mann-Whitney
test was used.

Odds ratio (OR) analyses of the probability of children being overweight or obese depending on
specific parameters were also performed. The chance of occurrence of a given phenomenon is defined
as the result of dividing the probability of its occurrence by the probability of the opposite event. In
order to assess whether the difference in the incidence of a given phenomenon is statistically
significant, a 95% confidence interval for OR is also given. If this range does not include the value of
1, then there may be a significant difference in the chance of occurrence of a given phenomenon in
the two compared groups.

3. Results

Statistically significant differences were found showing higher rates of physical activity among
boys. They showed longer time spent in MVPA (both in minutes p < 0.001, p = 0.001 and percentage
p <0.001, p = 0.003, respectively), longer time spent in MVPA (p < 0.001), higher average CPM (p =
0.001), higher average step counts (p = 0.006) and shorter sedentary time (p = 0.024) (Table 1).

Table 1. Characteristics of parameters describing the level of physical activity of the participants
depending on sex.

Sex
Physical Activity Girls Boys
Measure _ _ P
N X Me SD N X Me SD
Sedentary (min) 475 3329 3294 915 527 3264 3233 938 0.291
Light (min) 475 1073 1046 352 527 1105 1077 375 0.246

Moderate (min) 474 239 220 129 527 262 234 134 <0.001
Vigorous (min) 475 175 135 172 527 190 143 173 0.001
Sedentary (min/day) 475 539.7 5344 109.9 527 5282 5212 113.8 0.087
Light (min/day) 475 1741 1741 49.2 527 1788 1751 513 0.265
Moderate (min/day) 475 384 349 181 527 425 386 20 <0.001
Vigorous (min/day) 475 27.8 209 247 527 30.7 238 26.6 0.002
Sedentary (%) 475 69.0 70.1 9.8 527 675 686 10.3 0.024

Light (%) 475 225 222 64 527 231 227 68 0240
Moderate (%) 475 50 46 24 527 55 50 26 <0001
Vigorous (%) 475 36 28 32 527 39 31 33 _ 0003

MVPA per day (min) 475 662 557 408 527 732 622 430  <0.001

CPM 475 5629 4977 3151 527 6091 5368 3386  0.001

Stepscountsperday .5 oo g6 o7 s 94 90 30 0006

(thousands)

Time (min) 475 4817.3 4858.7 10204 527  4820.1 4898.2 1061.8  0.047

CPM — counts per minute, Me—median, MVPA —moderate to vigorous physical activity, N—number

of participants, p—test probability value calculated using the Mann-Whitney test, SD —standard
deviation X —average.

The data on time spent in MVPA stratified by age and sex are shown in Table 2. When analyzing
the MVPA distribution, attention should be paid to the median, not the mean, because the latter is
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exaggerated by a relatively small number of children achieving a very high level of daily physical
activity.

Table 2. Time spent in moderate to vigorous physical activity (MVPA) by sex and age of

participants.
MVPA Per Day [min] p
Age Group Girls Boys
N X Me SD N x Me SD

4-6 years 114 66.7 529 46.6 128 738 620 44.5 0.016
7-11 years 217 659 604 329 252 69.5 641 35.2 0.080
12-15 years 144 66.1 522 46.6 147 788 59.7 524 0.002

p 0.037 0.946

Me—median, N—number of participants, p—test probability value calculated using the Mann—
Whitney test, SD —standard deviation X —average.

There were differences in the level of activity relative to the child’s sex—especially in the oldest
age group (p = 0.002). Boys aged 12—-15 spent an average of 12.7 min more in moderate to vigorous
physical activity compared to girls. Among the youngest children (4-6 years), the difference was also
statistically significant (p= 0.016) and averaged 9.1 min in favor of boys.

Age significantly differentiates the level of girls’ activity (p = 0.037). In this case, it was the
youngest and oldest groups that had the longest time spent in moderate to vigorous physical activity
(Table 2).

Table 3 presents the median value of MVPA in relation to the dichotomous division into
overweight (and obese) children and with BMI in the norm (or below), in groups divided according
to sex and age (it was decided to present the median, due to the asymmetry of the MVPA distribution
as it better reflects the average level of this variable). It was shown that the oldest girls who were
overweight or obese spent significantly less time in MVPA than girls with normal body weight in
this age group. (p = 0.041). An analogous result was obtained, taking into account the whole group of
12-15 year-olds (p = 0.024) and the entire study group (p = 0.049). In addition, in each of the analyzed
groups, overweight and obese children had a shorter time in MVPA than children with normal body
weight

Table 3. The relationship between time spent in MVPA and bodyweight category (dichotomous
division) taking into account the sex and age of the participants.

Body Mass Category according to BMI Centile

Girls Boys ALL
Healthy . Healthy . Healthy .
Weight Overweight/Obese p Weight Overweight/Obese p Weight Overweight/Obese p
MVPA (min/day)
All 57.0 52.2 0.160 62.5 59.7 0.160 60.4 55.1 0.049
46 59.3 52.8 0.351 71.0 61.6 0.670 65.9 57.0 0.206
years
7-11
60.9 58.4 0.617  64.8 59.4 0.086 62.7 58.9 0.104
years
12-15
54.6 45.0 0.041 60.4 57.3 0.423 58.2 52.0 0.024
years

p—test probability value calculated using the Mann-Whitney test.

A detailed analysis of the occurrence of excessive body weight was also carried out, with a
breakdown by age and sex. The results are presented in a simplified manner, presenting only the
number and percentage share of overweight/obese subjects in the groups under comparison.

This analysis showed that in the oldest group of girls, excessive body weight occurred twice as
often if the subject did not meet a minimum of 60 min per day in MVPA (p = 0.043) (Table 4.).
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Table 4. The relationship between the occurrence of overweight and obesity and the recommended
time of physical activity, taking into account the sex and age of the participants.

Time of Daily Physical Activity

Occurrence of Overweight and

Obesity according to Age and Sex <60 mmo >60 min P
Yo N %
Girls 4-6 years 7 10.0% 6 14.0% 0.522
Girls 7-11 years 17 16.0% 16 14.4% 0.739
Girls 12-15 years 27 30.7% 9 15.8% 0.043
Boys 4-6 years 10 16.9% 13 19.4% 0.722
Boys 7-11 years 19 18.1% 16 11.0% 0.107
Boys 12-15 years 16 20.0% 13 17.6% 0.704

N—number of participants, p—test probability value calculated using the Mann-Whitney test, % —
percent.

Among the children spending <60 min per day in MVPA, the risk of overweight or obesity was
greater than in the children with MVPA > 60 min per day (Table 5).

Table 5. Odds ratio of overweight and obesity depending on the time of daily MVPA.

Time of Daily MVPA
>60 min <60 min p
N % N % OR

Occurrence of
overweight and 73 14.7% 9 18.9% 1.36(0.97-1.89) 0.033
obesity

N—number of participants, OR—odds ratio, p—test probability value calculated using the Mann—-Whitney

test, % —percent.

Due to numerous reports on the impact of maternal weight gain during pregnancy on the
subsequent occurrence of childhood obesity, the incidence of overweight/obesity in the separate
groups was compared in relation to the mother’s weight gain during pregnancy and the child’s
current physical activity. The reference point was a group where mothers gained no more than 18 kg
and children met the recommendation for physical activity. It has been shown that the greatest risk
of weight disorders is when a pregnant mother gained over 18 kg and the child does not spend at
least 60 min/day in MVPA (Table 6).

Table 6. Odds ratio of overweight and obesity depending on the mother’s weight gain during
pregnancy and the child’s level of physical activity.

Weight Increase of Occurrence of Overweight/Obesity (p = 0.048)
Mother in

Pregnancy/Activity of N (%) OR All
the Child

Up to 18 kg/>60 min 32 (11.6%) 1 275

Up to 18 kg/<60 min 47 (16.2%) 1.47 (0.91-2.38) 290

Over 18 kg/>60 min 17 (18.1%) 1.68 (0.88-3.18) 94

Over 18 kg/<60 min 21 (23.3%) 2.31 (1.25-4.26) 90

N—number of participants, OR—odds ratio, p —test probability value calculated using the Mann-Whitney
test, % —percent.
4. Discussion

Low levels of physical activity at a young age are associated with a number of adverse health
effects. Many systematic reviews suggest the importance of promoting more physical activity,
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healthy diets and nutrition for good health-related quality of life among children and adolescents.
[25,26] In addition, there is scientific evidence that sedentary behaviors during adolescence are
negatively associated with adolescent health outcomes, such as obesity and the risk of metabolic
diseases. Sedentary time can also have an influence on health states in adult ages. Increased body
weight and reduced physical activity predispose to an increased risk of mental cardiovascular, motor
or metabolic diseases [27-29].

Our research showed a number of significant results regarding the relationship between
physical activity and body weight in the studied children. First, boys were more active than girls in
terms of steps counts, MVPA and each of its components. Girls, on the other hand, showed a greater
proportion of the daytime spent in sedentary activities.

Second, in both the girls and boys groups, in each age group, obese children spent less time in
MVPA activities per day. This difference was particularly noticeable in the whole study group, the
whole group of 12-15-year-old children and the group of 12-15-year-old girls. This was confirmed
by statistical significance tests. This is also confirmed by the odds ratio (OR = 1.36 95% CI: 0.97-1.89.
p = 0.033) of overweight or obesity in children who do not meet the WHO recommendations for 60
min a day in MVPA. Additionally, 2 times more girls aged 12-15 years who did not meet the standard
of 60 min a day MVPA was in the group of obese children (in relation to children with normal body
weight).

The last result obtained by us, complementing the above summary, was the greatest chance of
overweight or obesity in children who do not meet the WHO recommendation for physical activity
and in addition, their mothers gained over 18 kg during pregnancy, which is the maximum
recommended weight gain and concerns women with underweight before pregnancy (women who
are normal or overweight or obese should gain less weight correspondingly). This is a nearly 2.5 times
greater chance of obesity in a child in relation to children who meet the 60 min a day MVPA standard
and whose we have gained less than 18 kg during pregnancy [30].

The results of our research on the time spent in MVPA by obese and non-obese children are
consistent with the results of other researchers. Compliance by children with the WHO
recommendations on spending a minimum of 60 min a day in MVPA shows a highly protective effect
against the occurrence of overweight or obesity [31]. This is confirmed by scientific evidence.
Children who are overweight or obese spend significantly less time in MVPA in relation to children
with normal body weight. This applies to both girls and boys [32].

What is more, girls and boys whose body weight was classified as normal or below normal spent
5-20 more time in moderate and vigorous physical activity than overweight, obese or very obese
children. These data are consistent with our research results. Moreover, the largest disparities were
noted in the age group of 6-8 years; at the same time, this age group was the most physically active
among both girls and boys [33].

Children with normal body weight had the longest daily time in MVPA (on average 88 min vs.
45 min for overweight and obese children) [34] as well as MVPA during school time (16.6 min vs. 19.6
min), during weekdays outside of school (20.9 min vs. 25.5 min) and during the weekend (35.6 min
vs. 46.5 min) [35].

Another issue analyzed was meeting or not to meet the 60 min a day recommendation at the
MVPA. Meeting the minimum daily standard of 60 min in MVPA also turns out to be extremely
important in protecting against the occurrence of overweight and obesity. According to Vale et al.,
boys more often achieved the recommendations of >1 h MVPA and >3 h TPA than girls.
Noncompliance with the recommendations of 21 h MVPA was associated with obesity (OR =3.8; IC:
1.3-10.4) only in girls [36], which was also confirmed in our research.

Diouf et al. also showed that in a group of children who meet the recommendations for spending
a minimum of 60 min a day in MVPA, there were the most children with normal body weight and
only below 10% of overweight and obese children [34]. These results are similar to the results of the
author’s own research. Statistical analysis showed that in the case of girls and boys aged 7-11 years
and 12-15 years, the greater percentage of children who are overweight or obese was in the group of
children who did not meet the recommendations of 60 min daily in MVPA.
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The latest analysis, supplementing the knowledge with maternal factors, also brought some
interesting observations. It was also found that both excessive GWG and the level of physical activity
of the child interact with each other increasing the risk of overweight and obesity in the child. Three
models were compared: (1) GWG in the norm and the child’s physical activity < 60 min/day, (2) GWG
above the norm and the child’s physical activity < 60 min/day, (3) GWG above the norm and the
child’s physical activity > 60 min/day; in relation to GWG in the norm and the child’s physical activity
> 60 min/day. It has been shown that each of the three models increased the risk of overweight and
obesity in the child; however, the highest odds ratio is brought by the combination of GWG above
the norm and low physical activity of the child (OR = 1.68; 95% CI: 0.88-3.18; p = 0.048)).

Such results were also obtained by other researchers confirming the adverse effect of excessive
GWG on the child’s body weight in the later years of his life. Higher maternal GWG was associated
with a greater BMI of the offspring, and the risk of being overweight doubled in children whose
mothers were overweight/obese before pregnancy and gained weight during pregnancy [37,38].

Insufficient GWG is associated with an increased risk of a child being underweight, while
excessive GWG is associated with an increased risk of overweight and obesity [39].
Overweight/obesity of pregnant mothers and excessive GWG are associated with greater weight gain
and increased length of offspring in early infancy also. Excessive GWG has been associated with an
increased risk of overweight and obesity in infants [40]. Both high pre-pregnancy BMI and
inappropriate GWG are associated with higher BMI in offspring. Pregnant women should try to
achieve appropriate weight gain to prevent obesity in their children [41].

Despite the efforts, the authors did not avoid limitations in the design of the research. One of the
weaknesses is the lack of information about parents from direct examination (the data only comes
from interviews) and the lack of data on children < 4 years of age and >15 years of age, which would
allow the presentation of results for the entire population of children from the studied region.

However, this study has many strengths, which include a relatively large study group (in
general), comparable numbers of children by sex and place of residence, and the fact that
measurements were taken on accelerometers, which are objective devices. The indicated features of
the study group have a positive impact on the reliability of the tests.

The conducted research proved the beneficial effect of physical activity in protecting the child
against overweight or obesity. However, bearing in mind the above limitations, some modifications
should be introduced when planning further studies. The first is to plan longitudinal studies, starting
from the prenatal period through the early childhood period to school age. This would undoubtedly
have an influence on the extension of the time and cost of the research; however, it would provide
valuable information, e.g., on the course of pregnancy, mother’s weight gain during pregnancy, body
weight changes from the neonatal period to the school period, and all these data would come from a
direct study.

In addition, when recruiting educational institutions, it would be worth qualifying a larger
number of institutions so that the study also covers children <4 years of age and> 15 years, which the
authors did not manage to do in this study.

The take-home message from this research is that even small amounts of regular physical
activity can protect against excessive weight. Maintaining appropriate weight gain during pregnancy
and preventing overweight/obesity in mothers before pregnancy should also be a strategy for
preventing overweight/obesity in children.

5. Conclusions

Failure to meet the standard is associated with a greater chance of overweight and obesity. The
level of physical activity affects the incidence of overweight and obesity. Children who had > 60 min
daily MVPA were more likely to have normal or below normal body weight. Overweight and obese
children spent less time a day in MVPA. Among 12-15-year-old girls with activity < 60 min a day, the
incidence of overweight and obesity was twice as high as in girls who meet the recommendations.
Excessive weight gain of a pregnant mother, combined with a low level of physical activity of the
child, increases the risk of overweight and obesity.



Int. ]. Environ. Res. Public Health 2020, 17, 8918 9 of 11

Author Contributions: Conceptualization, J.B., A.W. and A.M.; methodology, J.B., AW., formal analysis, G.P.,
W.R,; resources, J.L., E.C.-L.; data curation, ].W.; supervision—A.M.; writing—original draft preparation, ].B.,
AW, JW, GP,WR.]JL, E.C-L.,, AM,; writing—review and editing, ].B.,, AW., JW, GP., WR, JL,, EC.-L.,
A.M.; Agreement to be accountable for all aspects of the work ].B.,, AW, JW., G.P., WR,, JL, EC-L., AM. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

Thivel, D.; Tremblay, A.; Genin, P.M.; Panahi, S.; Riviere, D.; Duclos, M. Physical Activity, Inactivity, and
Sedentary Behaviors: Definitions and Implications in Occupational Health. Front. Public Health 2018, 6, 288,
doi:10.3389/fpubh.2018.00288.].

Luttikhuis, H.O.; Baur, L.; Jansen, H.; Shrewsbury, V.A.; O'Malley, C.; Stolk, R.P.; Summerbell, C.D.
Interventions for treating obesity in children. Cochrane Database Syst. Rev. 2019, 2019, CD001872.

Sothern, ML.S. Obesity prevention in children: Physical activity and nutrition. Nutrition 2004, 20, 704-708.
Sahoo, K.; Sahoo, B.; Choudhury, A.K.; Sofi, N.Y.; Kumar, R.; Bhadoria, A.S. Childhood obesity: Causes
and consequences. |. Fam. Med. Prim. Care 2015, 4, 187-192.

Department of Health, Physical Activity, Health Improvement and Protection. Start Active, Stay Active: A
Report on Physical Activity for Health from the Four Home Countries; Chief Medical Officers: London, UK, 2011;
pp. 26-31.

Recommended population levels of physical activity for health. Age group: 5-17 years old. In Global
Recommendations on Physical Activity for Health; World Health Organization: Geneva, Switzerland, 2010; pp.
17-21. ISBN 978-92-4-332-159-997-9.

Lu, W.; Zhang, X.; Wu, J.; Mao, X,; Shen, X.; Chen, Q.; Zhang, J.; Huang, L.; Tang, Q. Association between
trimester-specific gestational weight gain and childhood obesity at 5 years of age: Results from Shanghai
obesity cohort. BMC Pediatrics 2019, 19, 139, d0i:/10.1186/s12887-019-1517-4.

Mourtakos, S.P.; Tambalis, K.D.; Panagiotakos, D.B.; Antonogeorgos, G.; Arnaoutis, G.; Karteroliotis, K.;
Sidossis, L.S. Maternal lifestyle characteristics during pregnancy, and the risk of obesity in the offspring: A
study of 5,125 children. BMC Pregnancy Childbirth 2015, 15, 66, d0i:10.1186/s12884-015-0498-z.

Li, L.; Peters, H.; Gama, A.; Carvalhal, M.LM.; Nogueira, H.G.M.; Rosado-Marques, V.; Padez, C. Maternal
smoking in pregnancy association with childhood adiposity and blood pressure. Pediatric Obes. 2015, 11,
202-209, doi:10.1111/ijpo.12046.

Schneider, P.L.; Crouter, S.; Bassett, D.R. Pedometer measures of free-living physical activity: Comparison
of 13 models. Med. Sci. Sports Exerc. 2004, 36, 331-335.

Bassett, D.R., Jr.; Wyatt, H.R.; Thompson, H.; Peters, ].C.; Hill, ].O. Pedometer-Measured Physical Activity
and Health Behaviors in United States Adults. Med. Sci. Sports Exerc. 2010, 42, 1819-1825,
doi:10.1249/MSS.0b013e3181dc2e54.

Montoye, H.].; Washburn, R.; Servais, S.; Ertl, A.; Webster, ].G.; Nagle, F.J. Estimation of energy expenditure
by a portable accelerometer. Med. Sci. Sports Exerc. 1983, 15, 403—-407.

Bingham, D.D.; Collings, P.].; Clemes, S.A.; Costa, S.; Santorelli, G.; Griffiths, P.; Barber, S.E. Reliability and
Validity of the Early Years Physical Activity Questionnaire (EY-PAQ). Sports 2016, 4, 30,
doi:10.3390/sports4020030.

Chandonnet, N.; Saey, D.; Alme’ras, N.; Marc, 1. French Pregnancy Physical Activity Questionnaire
Compared with an Accelerometer Cut Point to Classify Physical Activity among Pregnant Obese Women.
PLoS ONE 2012, 7, €38818, doi:10.1371/journal.pone.0038818.

Biilbiil, S. Exercise in the treatment of childhood obesity. Turk. Arch. Pediatrics/Tiirk Pediatri Arsivi 2020, 55,
2-10.

McCambridge, T.M.; Bernhardt, D.T.; Brenner, ].S.; Congeni, J.A.; Gomez, J.E.; Gregory, A.].; Gregory, D.B.;
Griesemer, B.A.; Reed, F.E.; Rice, S.G.; et al. Active Healthy Living: Prevention of Childhood Obesity
Through Increased Physical Activity. Pediatrics 2006, 117, 1834-1842, doi:10.1542/peds.2006-0472.

Absil, H.; Baudet, L.; Robert, A.; Lysy, P. Benefits of physical activity in children and adolescents with type
1 diabetes: A  systematic review. Diabetes Res. Clin. Pract. 2019, 156, 107810,
doi:10.1016/j.diabres.2019.107810.



Int. ]. Environ. Res. Public Health 2020, 17, 8918 10 of 11

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Diaz, KM.; Shimbo, D. Physical activity and the prevention of hypertension. Curr. Hypertens. Rep. 2013, 15,
659-668, doi:10.1007/s11906-013-0386-8.

Wyszynska, J.; Podgorska-Bednarz, J.; Drzat-Grabiec, J.; Rachwat, M.; Baran, ].; Czenczek-Lewandowska,
E.; Leszczak, J.; Mazur, A. Analysis of Relationship between the Body Mass Composition and Physical
Activity with Body Posture in Children. BioMed Res. Int. 2016, 10, 1851670, d0i:10.1155/2016/1851670.
Korczak, D.J.; Madigan, S.; Colasanto, M. Children’s Physical Activity and Depression: A Meta-analysis.
Pediatrics 2017, 139, 20162266, d0i:10.1542/peds.2016-2266.

Cooper, AR.; Goodman, A.; Page, A.S.; Sherar, L.B.; Esliger, D.W.; van Sluijs, EM.; Andersen, L.B.;
Anderssen, S.; Cardon, G.; Davey, R.; et al. Objectively measured physical activity and sedentary time in
youth: The International children’s accelerometry database (ICAD). Int. . Behav. Nutr. Phys. Act. 2015, 12,
113, doi:10.1186/s12966-015-0274-5.

Evenson, K.R; Catellier, D.J.; Gill, K; Ondrak, K.S.; McMurray, R.G. Calibration of two objective measures
of physical activity for children. J. Sports Sci. 2008, 26, 1557-1565.

Instytut Pomnik —Centrum Zdrowia Dziecka. Siatki Centylowe Dzieci i Mlodziezy w Wieku 3-18 lat.
Available online:
http://www.czd.pl/index.php?option=com_content&amp;view=article&amp;id=1717&amp;Itemid=538
(access on 13 January 2020).

Barlow, S.E.; The Expert Committee. Expert committee recommendations regarding the prevention,
assessment, and treatment of child and adolescent overweight and obesity: Summary report. Pediatrics
2007, 120, 164-192.

Wu, X.Y.; Zhuang, L.H.; Li, W.; Guo, HW.; Zhang, ]. H.; Zhao, Y.K.; Hu, JW.; Gao, Q.Q.; Luo, S.; Ohinmaa,
A.; et al. The influence of diet quality and dietary behavior on health-related quality of life in the general
population of children and adolescents: A systematic review and meta-analysis. Qual. Life Res. 2019, 28,
1989-2015, doi:10.1007/s11136-019-02162-4.

Thomas, M.M.; Gugusheff, ].; Baldwin, H.].; Gale, ].; Boylan, S.; Mihrshahi, S. Healthy Lifestyle Behaviours
Are Associated with Children’s Psychological Health: A Cross-Sectional Study. Int. |. Environ. Res. Public
Health 2020, 17, 7509, d0i:10.3390/ijerph17207509.

Biddle, S.J.; Ciaccioni, S.; Thomas, G.; Vergeer, I. Physical activity and mental health in children and
adolescents: An updated review of reviews and an analysis of causality. Psychol. Sport Exerc. 2019, 42, 146
155, doi:10.1016/j.psychsport.2018.08.011.

Martinez-Gémez, D.; Welk, G.J.; Calle, M.E.; Marcos, A.; Veiga, O.L.; AFINOS Study Group. Preliminary
evidence of physical activity levels measured by accelerometer in Spanish adolescents; the AFINOS Study.
Nutr. Hosp. 2009, 24, 226-232.

Mitchell, J.A.; Rodriguez, D.; Schmitz, K.H.; Audrain-McGovern, J. Greater screen time is associated with
adolescent obesity: A longitudinal study of the BMI distribution from ages 14 to 18. Obesity 2013, 21, 572—
575, d0i:10.1002/0by.20157.

Rasmussen, K.M.; Yaktine, A.L. Weight Gain during Pregnancy: Reexamining the Guidelines; National
Academies Press: Washington, DC, USA, 2009; pp. 241-261.

Sigmund, E.; Sigmundova, D.; Badura, P.; Kalman, M.; Hamrik, Z.; Pavelka, ]J. Temporal Trends in
Overweight and Obesity, Physical Activity and Screen Time among Czech Adolescents from 2002 to 2014:
A National Health Behaviour in School-Aged Children Study. Int. |. Environ. Res. Public Health 2015, 12,
11848-11868, doi:10.3390/ijerph120911848.

Oliveira, L.C.; Ferrari, G.L.M.; Aratjo, T.L.; Matsudo, V. Overweight, obesity, steps, and moderate to
vigorous physical activity in children. Rev. Saude Publica 2017, 51, 38, doi:10.1590/51518-
8787.2017051006771.

Chung, A.E.; Skinner, A.C.; Steiner, M.].; Perrin, EM. Physical Activity and BMI in a Nationally
Representative Sample of Children and Adolescents. Clin. Pediatrics 2012, 51, 122-129,
doi:10.1177/0009922811417291.

Diouf, A.; Thiam, M.; Idohou-Dossou, N.; Diongue, O.; Mégné, N.; Diallo, K. Physical Activity Level and
Sedentary Behaviors among Public School Children in Dakar (Senegal) Measured by PAQ-C and
Accelerometer: Preliminary Results. Int. ]. Environ. Res. Public Health 2016, 13, 998,
doi:10.3390/ijerph13100998.



Int. ]. Environ. Res. Public Health 2020, 17, 8918 11 of 11

35.

36.

37.

38.

39.

40.

41.

Hubbard, K.; Economos, C.D.; Bakun, P.; Boulos, R.; Chui, K.; Mueller, M.P.; Disparities in moderate-to-
vigorous physical activity among girls and overweight and obese schoolchildren during school- and out-
of-school time. Int. ]. Behav. Nutr. Phys. Act. 2016, 13, 39, d0i:10.1186/512966-016-0358-x.

Vale, S.; Trost, S.; Ruiz, ].J.; Régo, C.; Moreira, P.; Mota, ]J. Physical activity guidelines and preschooler’s
obesity status. Int. J. Obes. 2013, 37, 1352-1355, doi:10.1038/ij0.2013.109.

Guo, L, Liu, J; Ye, R;; Liu, J.; Zhuang, Z.; Ren, A. Gestational Weight Gain and Overweight in Children
Aged 3-6 Years. ]. Epidemiol. 2015, 25, 536-543, d0i:10.2188/jea.JE20140149.

Tie, H.T.; Xia, Y.Y.; Zeng, Y.S.; Zhang, Y.; Dai, C.L.; Guo, J.J.; Zhao, Y. Risk of childhood overweight or
obesity associated with excessive weight gain during pregnancy: A meta-analysis. Arch. Gynecol. Obstet.
2014, 289, 247-257, doi:10.1007/s00404-013-3053-z.

Wan, N,; Cai, L.; Tan, W.; Zhang, T.; Yang, J.; Chen, Y. Associations of gestational weight gain with
offspring thinness and obesity: By prepregnancy body mass index. Reprod. Health. 2018, 15, 149,
doi:10.1186/512978-018-0585-5.

Li, N.; Liu, E;; Guo, J; Pan, L.; Li, B.,; Wang, P.; Liu, J.; Wang, Y.; Liu, G.; Hu, G. Maternal prepregnancy
body mass index and gestational weight gain on offspring overweight in early infancy. PLoS ONE 2013, 11:
€77809, doi:10.1371/journal.pone.0077809.

Shao, T.; Tao, H.; Ni, L.; Sun, Y.; Yan, S.; Gu, C,; Cao, H.; Huang, K,; Hao, J.; Tao, F. Maternal pre-pregnancy
body mass index and gestational weight gain with preschool children’s overweight and obesity. Zhonghua
yu Fang yi xue za zhi [Chin. ]. Prev. Med.] 2016, 50,123-8, d0i:10.3760/cma.j.issn.0253-9624.2016.02.005.

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional

affiliations.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
‘ @ ® \ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).



