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Abstract: Investigating pediatric overweight and physical activity correlates is essential to design
effective preventive programs. We used regional data (Lombardy, northern Italy) from the 2019 sur-
vey “OKKio alla Salute” (3093 children aged 8–9 years with measured anthropometric data), and
from the 2018 wave of the “Health Behaviour in School-aged Children” survey (2916 adolescents
aged 11–15 years with self-reported anthropometric data). In both the surveys, a cluster sampling
methodology was used. Unconditional multiple logistic regression models were applied to estimate
the odds ratios (OR) and corresponding 95% confidence intervals (CI) of overweight, obesity and
poor physical activity. The prevalence of overweight (including obesity) was 22.4% for children
aged 8–9 years and 14.4% for adolescents aged 11–15 years. A higher prevalence of overweight
was observed among males, children with greater birth weight and those with obese parents. Scant
physical activity was higher among females and older adolescents. There was a direct relationship
between obesity and increased psychological distress (OR = 2.44; 95% CI: 1.12–5.27) or being victims
of bullying (OR = 2.25; 95% CI: 1.17–4.34). Increasing physical activity significantly decreased the
frequency of mental health outcomes. Prevention campaigns should be promoted to safeguard
childhood physical and psychological wellbeing.

Keywords: childhood obesity; childhood overweight; physical activity; cross sectional study; adoles-
cents; screen time; Italy; HBSC
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1. Introduction

Over the past three decades Europe has undergone a substantial socio-economic
transition that has changed its inhabitants’ dietary habits, leading to a more obesogenic
environment [1]. The increased availability, access and affordability of energy-high-caloric
foods, along with their intense marketing, are recognized examples of the environmental
factors that help to explain excess energy intake and subsequent weight gain [2]. As a
consequence, in most European countries the prevalence of overweight in children and
adolescents has steadily risen since 1980, reaching its peak in 2007–2010 [3,4].

In Italy, childhood overweight and obesity show a special pattern. Italy ranks as the
fourth country for overweight (including obesity) among children aged 7–9 years, out of
36 European countries [5], but its position in the ranking drops sharply with age. Out of
43 European countries, Italy ranks 4th among children aged 11 years, 11th among children
aged 13 years, and 20th among children aged 15 years [6]. This huge reduction is even
more marked in adulthood, with Italy ranking as the country with the lowest prevalence of
overweight (including obesity) among 30 countries included in the Eurobarometer data [7].
Estimates from the Italian National Institute of Statistics show similar patterns [8].

There is evidence that the prevalence of childhood overweight and obesity is substan-
tially higher in southern than northern Italy [9,10]. This is also true for the adult general
population [10].

The increasing tendency to a sedentary lifestyle and insufficient physical activity, even
in childhood, in most high-income countries contributes to raise this issue [11]. In the last
few decades, several studies have already documented that children and adolescents from
most high-income countries have become less physically active and more sedentary [12,13].
Screen time behaviors, such as watching TV, playing videogames or using computers for
other purposes, such as social media or surfing the internet, have all contributed to the
overall increase in sedentary time. Recent estimates show that less than 20% of European
children and adolescents meet the World Health Organization (WHO) recommendations
on physical activity [14,15]. A WHO report indicated that the prevalence of adolescents
(aged 11–15 years) reaching the recommended level of at least 60 min of physical activity
per day in Italy (11%) is lower than in several other European countries [16]. In addition,
Italian schools tend to devote less time to physical exercise, compared to those from other
European countries [15,17]. This issue is becoming more compelling given the increase in
sedentary habits acquired with remote learning during the pandemic [18].

Childhood obesity and scant physical activity are strongly related with poor physical
health but less is known about their association with mental health [19]. Some studies,
however, have already shown that obese children and those with low levels of physical
activity have an impaired psychological wellbeing [20–23]. Moreover, obese children are
often victims of bullying and weight stigmatization [24–26]. Therefore, these factors need
to be considered in body mass index (BMI) surveillance programs and when planning
interventions to improve not only physical but also psychological wellbeing.

Comprehensively investigating which are the characteristics of the overweight and
poorly active children and adolescents is essential to design effective prevention programs.
The aim of the present study is to provide up-to-date consistent knowledge on the preva-
lence and correlates of overweight and poor physical activity among Italian children and
adolescents, with special focus on familial characteristics, lifestyle habits and psychological
wellbeing, taking advantage of two Italian surveillance systems: OKKio alla Salute, on
children aged 8–9 years, and Health Behaviour in School-aged Children (HBSC), on adoles-
cents aged 11–15 years. In order to provide estimates on determinants of overweight and
poor physical activity not affected by the geographical gradient, we focused our analysis
to Lombardy (northern Italy), the most populous region counting one-sixth of the Italian
population [27], with a population size comparable to Sweden and Portugal.
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2. Materials and Methods

We used Lombardy regional data from the 2019 wave of the Italian National Surveil-
lance System OKKio alla Salute, coordinated by the National Institute of Health (Istituto
Superiore di Sanità) and from the 2018 wave of the HBSC survey.

OKKio alla Salute is a national nutritional surveillance system, part of the Childhood
Obesity Surveillance Initiative (COSI) of the WHO Regional Office for Europe, established
in 2007 with the objective of monitoring the nutritional status and lifestyle behaviors
among primary school children. The survey involved children in the third grade of primary
schools, aged 8–9 years. A cluster sampling method was used, with classes as the sampling
unit. Sampling selection was done at the Local Health Unit level (often corresponding to
the Province), with a sampling list of third primary classes provided by the corresponding
Provincial School Offices [28]. For each school, the probability of having their classes
extracted was proportional to the number of students enrolled. The final sample consisted
of 166 classes and 3093 children, with anthropometric measurements provided by trained
local health staff.

HBSC is an international multicenter study [29] conducted in more than 40 countries
across Europe and North America, in collaboration with the Regional Office for Europe
of the WHO with the aim of monitoring the nutritional status and gaining greater insight
into determinants of health and wellbeing in adolescents. The HBSC study population
comprises school young adolescents aged 11–15 years. The sampling procedure followed
international guidelines. Classes were selected according to a systematic sampling method
from the complete list of schools provided by the Italian Ministry of Education, Univer-
sity and Research. Cluster sampling was used to select participants, with school classes
representing the primary sampling unit. In the Italian HBSC schools from Lombardy were
oversampled to ensure sufficient statistical power to obtain robust frequency estimates at a
regional level [30]. In all, 2916 students from 188 classes, self-reporting height and weight,
were included in the study.

Details on sampling methods and data collection in the two surveys are reported
elsewhere [28,31]. The protocol of the OKKio alla Salute survey was approved by the Insti-
tutional Ethical Board of the National Institute of Health (General protocol: ISS AOO-ISS
12/12/2018 0037697). The protocol of the HBSC survey was approved by the Institutional
Ethical Board of the National Institute of Health (General protocol: PRE-876/17).

2.1. Outcome Measures

Body mass index (BMI) was calculated according to the sex-and-age specific inter-
national Cole’s cut-offs proposed by the International Obesity Task Force (IOTF) [32,33].
Underweight corresponded to a BMI value equivalent to a BMI lower than 18.5 kg/m2

extrapolated for the 18 years population, the overweight definition corresponded to a BMI
value equivalent to a BMI ranging between 25–29 kg/m2 extrapolated for the 18 years
population and the obesity definition corresponded to a BMI value ≥ 30 kg/m2 extrapo-
lated for the 18 years population, for age and sex. Children and adolescents’ nutritional
status was classified accordingly. Additionally, for both age groups we performed the BMI
z-scores according to the growth charts developed in 2000 from the Centers for Disease
Control and Prevention (CDC) for the United States [34]. BMI was classified into four
groups, including underweight (<−2 standard deviations, SD), normal weight (−2 to 1 SD),
overweight (1 to 2 SD) and obesity (>2 SD) according to sex and age-specific cut-offs of BMI
z-scores recommended by WHO in 2007. Chronic malnutrition was further defined as a
z-score <−3 SD [35]. In the OKKio alla Salute survey, information on physical activity was
derived from a structured questionnaire filled in by children’s parents, who provided the
average number (from 0–7) of days per week the child practiced sport or played for at least
1 hour. In the HBSC survey, physical activity was provided by adolescents as the average
number (from 0–7) of days per week the adolescent practiced physical exercise for at least
1 hour. Children and adolescents’ physical activity was then classified according to a tertile
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distribution, as low (poor physical activity, equal to fewer than 3 days/week), intermediate
(3 days/week) and high (4 days/week or more).

A section of the questionnaire focused on perceived psychological wellbeing and on
possible perceived threats to it: adolescents reported how often they felt low, nervous or
irritable (providing a score between 1, approximately every day, to 5, rarely or never). Psy-
chological distress was defined as the average value of the three scores. The four variables
where then categorized in often, occasionally and rarely, according to the tertiles. Adolescents
also reported if they had been victims of bullying in the previous two months.

2.2. Other Measures

In OKKio alla Salute, parents [28,31] provided information on their level of education,
self-reported socio-economic status, nationality, their child’s birth weight and the average
amount of time per day their child spent watching TV and played with the computer or
other digital devices. Parents also provided their self-reported height and weight, that
were used to derive BMI [36]. In the HBSC study [28,31], adolescents provided information
on their nationality (i.e., Italian vs. not Italian), their parents’ highest level of education
and their family socio-economic status, obtained as a combination of selected variables:
adolescents reported if they had a family car, if they had their own bedroom, the number
of computers owned by their family, if they had a dishwasher at home, the number of
bathrooms at home and if they had been on any family holidays outside of Italy the year
before. A total score was derived from the previous questions and adolescents’ socio-
economic status was classified as low, intermediate and high, accordingly. They also
reported the average amount of time per day they spent watching TV and playing with the
computer or other digital devices.

2.3. Statistical Analysis

The normality of the distribution was tested for anthropometric measures, and non-
normally distributed variables were expressed as medians and interquartile ranges. Chi-
squared tests were used to compare non-continuous variables. Assuming a sample
size of 3000 subjects and an overall conservative prevalence of overweight of 14% (and
alpha = 0.05), the data had sufficient statistical power (>0.80) to observe an odds ratio (OR)
of 1.33, for an equally distributed dichotomous exposure variable. We used unconditional
multiple logistic regression models to calculate the odds ratios (OR) and corresponding
95% confidence intervals (CI) for overweight (including obesity) and poor physical activity.
All the models were adjusted for selected socio-demographic variables, i.e., sex, age (for
HBSC data) and parents’ highest level of education. The ORs for overweight (including
obesity) were further adjusted for physical activity (tertiles) and those for poor physical
activity were adjusted for BMI (normal/underweight, overweight and obese). Additional
sex-stratified analyses were performed for the ORs for overweight (including obesity),
adjusting for the same variables. We also performed separate multiple logistic regression
models to investigate if overweight, obesity and scant physical activity were determinants
of each outcome of poor mental health: feeling low, nervous, irritable, having general
psychological distress and being victims of bullying. All the models were adjusted for the
same variables. A statistical weight was applied to OKKio alla Salute analyses to guarantee
the representativeness of the sample at regional or LHU levels. All statistical analyses were
done with software SAS, version 9.4 (Cary, NC, USA).

3. Results
3.1. BMI and Physical Activity

Table 1 shows the distribution of BMI categories and levels of physical activity among
the OKKio alla Salute and HBSC study participants. Of the 3093 children aged 8–9 years,
2.3% were underweight, 75.3% normal weight, 17.6% overweight and 4.8% obese, with
no significant differences between males and females (p = 0.109). On the total sample of
2916 adolescents aged 11–15 years, 2.9% were underweight, 83.2% normal weight, 12.2%
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overweight and 1.8% obese, with a higher proportion of overweight and obese adolescents
among males (p < 0.001). A significant difference of physical activity levels was observed by
gender, with a higher proportion of poorly active children and adolescents among females
(p < 0.001). The distribution of BMI and levels of physical activity statistically significantly
differed by age category (p = 0.001 for BMI and p <0.001 for physical activity).

Supplementary Figure S1 shows the distribution of BMI levels by sex according to the
z-scores. In children aged 8–9 years, the mean z-score was 0.21 (SD = 1.19) for males and
0.09 (SD = 1.10) for females. In adolescents, the mean z-score was 0.02 (SD = 1.19) for males
aged 11 years, 0.12 (SD = 1.03) for those aged 13 years and −0.06 (SD = 1.15) for those aged
15 years. The corresponding values in female adolescents were −0.32 (SD = 1.08), −0.15
(SD = 1.00) and −0.19 (SD = 0.84), respectively. In adolescents, chronic malnutrition was
1.3% in males and 0.9% in females (data not shown in tables).

3.2. Sex, Socio-Demographic and Familial Findings

Table 2 shows the ORs and 95% CIs for childhood overweight (including obesity) and
poor physical activity, according to selected socio-demographic and family characteristics,
in children aged 8–9 years (OKKio alla Salute survey) and 11–15 years (HBSC survey).
Among adolescents aged 11–15 years, males were more frequently overweight or obese
(OR = 2.11; 95% CI: 1.69–2.64), and in both age groups they were less frequently inactive,
compared to females (OR = 0.58; 95% CI: 0.50–0.68 for children aged 8–9 years; OR = 0.61;
95% CI: 0.52–0.71 for those aged 11–15 years). Poor physical activity was more frequent
with increasing age (p for trend < 0.001) and both overweight and poor physical activity
were less frequent with increasing levels of parents’ education (p for trend from <0.001
to 0.016) in both age groups. Higher socio-economic status was related to a decreased
prevalence of overweight or obesity (p for trend <0.001 for children aged 8–9 years; p for
trend = 0.010 for those aged 11–15 years) and poor physical activity (p for trend <0.001 for
adolescents aged 11–15 years). Children aged 8–9 years with a foreign nationality were less
active than Italian children of the same age (OR = 1.61; 95% CI: 1.31–1.98). Overweight
status was more reported with increasing child’s birth weight (p for trend <0.001) and in
children with at least one parent obese (OR = 3.90; 95% CI: 2.98–5.11).

3.3. Overweight, Physical Activity and Time Spent on Screen

In both age groups, overweight was less frequent with increasing time spent for
physical activity (p for trend <0.001 for children aged 8–9; p for trend = 0.001 for those aged
11–15 years; Table 3). In adolescents aged 11–15, overweight and poor physical activity
were both related to greater time spent watching TV (p for trend <0.001) and, in both age
groups, with increasing time spent playing with the computer or other digital devices (p for
trend between 0.001 and 0.012). Poor physical activity was more frequently reported with
increasing BMI (p for trend 0.004 for children aged 8–9 years; p for trend <0.001 for those
aged 11–15 years).
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Table 1. Percentages (%) of children from the OKKio alla Salute and HBSC surveys, according to various anthropometric measures. Lombardy, 2018–2019.

Characteristics

OKKIO alla Salute Age 8–9 Years % HBSC Age 11–15 Years %

Total
Gender

Total
Gender Age (Years)

Males Females Males Females 11 13 15

No. of children 3093 1595 1498 2916 1461 1455 859 1003 1054

Weight (kg), median (IQR) 30.0 30.4 29.5 50.0 54.0 50.0 40.0 51.5 58.0
(26.4–34.8) (26.8–35.3) (26.0–34.3) (43.0–60.0) (43.0–64.0) (42.0–55.0) (36.0–46.0) (45.0–60.0) (52.0–65.0)

Height (cm), median (IQR) 133.5 133.8 132.9 163.0 166.0 161.0 152.0 165.0 170.0
(129.0–137.8) (129.9–138.4) (128.0–137.2) (155.0–170.0) (155.0–175.0) (155.0–167.0) (146.0–158.0) (159.0–170.0) (164.0–175.0)

BMI (kg/m2), median (IQR)
16.6 16.6 16.5 19.1 19.4 18.9 17.6 19.1 20.1

(15.1–18.6) (15.2–18.8) (15.1–18.6) (17.3–21.2) (17.6–21.6) (17.1–20.8) (16.0–19.6) (17.5–21.3) (18.4–21.9)
BMI categories
Underweight 2.3 1.9 2.8 2.9 2.5 3.2 4.3 1.9 2.6

Normal weight 75.3 75.1 75.5 83.2 79.2 87.2 81.6 81.9 85.7
Overweight 17.6 17.6 17.7 12.2 16.0 8.5 11.8 14.7 10.3

Obese 4.8 5.5 4.0 1.8 2.3 1.2 2.3 1.6 1.5
Physical activity

(approximate tertiles) 1

Low 32.9 27.2 38.9 32.8 27.6 38.0 25.1 31.8 40.0
Intermediate 29.2 31.0 27.3 19.6 17.7 21.6 19.4 20.0 19.5

High 37.9 41.7 33.8 47.5 54.7 40.4 55.5 48.2 40.5

IQR: Interquartile range. 1 In both surveys: <3 days per week/3 days per week/≥4 days per week. We excluded 45 children from OKKio alla Salute and 24 from HBSC because they did
not provide information on physical activity.
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Table 2. Odds ratios (OR) and corresponding 95% confidence intervals (CI) for childhood overweight (including obesity) and poor physical activity according to
selected socio-demographic and family characteristics. Lombardy, 2018–2019.

Characteristics

Overweight 1 Poor Physical Activity 2

OR (95% CI) OR (95% CI)

OKKio alla Salute
Age 8–9 Years

HBSC
Age 11–15 Years

OKKio alla Salute
Age 8–9 Years

HBSC
Age 11–15 Years

Total, No. 3021 2833 3048 2892
Sex

Female 1.00 3 1.00 3 1.00 3 1.00 3

Male 1.13 (0.95–1.34) 2.11 (1.69–2.64) 0.58 (0.50–0.68) 0.61 (0.52–0.71)
Age category

11 - 1.00◦ - 1.00◦
13 - 1.14 (0.87–1.51) - 1.52 (1.22–1.89)
15 - 0.79 (0.58–1.06) - 2.18 (1.75–2.71)

p for trend - 0.079 - <0.001
Highest parental education

Low 1.00 3 1.00 3 1.00 3 1.00 3

Intermediate 0.71 (0.57–0.90) 0.76 (0.49–1.17) 0.78 (0.63–0.96) 0.73 (0.52–1.01)
High 0.55 (0.43–0.70) 0.58 (0.37–0.91) 0.74 (0.59–0.92) 0.58 (0.41–0.82)

p for trend <0.001 0.009 0.016 0.001
Family socio-economic status

Low 1.00 3 1.00 3 1.00 3 1.00 3

Intermediate 0.71 (0.59–0.86) 0.87 (0.67–1.14) 0.79 (0.67–0.95) 0.72 (0.59–0.88)
High 0.55 (0.41–0.73) 0.65 (0.47–0.90) 1.02 (0.80–1.30) 0.63 (0.50–0.80)

p for trend <0.001 0.010 0.482 <0.001
Nationality

Italian 1.00 3 1.00 3 1.00 3 1.00 3

Other 1.23 (0.98–1.54) 1.31 (0.80–2.14) 1.61 (1.31–1.98) 0.87 (0.58–1.32)
Birth weight (g) 4

<2500 1.00 3 - 1.00 3 -
2500–3300 1.08 (0.75–1.56) - 0.83 (0.63–1.11) -

>3300 1.72 (1.20–2.47) - 0.81 (0.61–1.09) -
p for trend <0.001 - 0.267 -

Parental BMI 4

Both parents normal weight 1.00 3 - 1.00 3 -
At least one parent overweight (not obese) 1.95 (1.56–2.44) - 1.08 (0.90–1.29) -

At least one parent obese 3.90 (2.98–5.11) - 1.06 (0.83–1.37) -
p for trend <0.001 - 0.508 -

1 ORs for overweight (overweight/obesity vs. normal weight) were calculated in unconditional multiple logistic regression models, after adjustment for sex, parents’ highest level of
education and physical activity (low, intermediate, high); HBSC data were further adjusted for age. Underweight children and adolescents were excluded from the analyses. Estimates in
bold type are significant at 0.05. 2 ORs for poor physical activity (first vs. second and third tertiles of physical activity) were calculated in unconditional multiple logistic regression
models, after adjustment for sex, parents’ highest level of education and BMI (underweight/normal weight, overweight, obese); HBSC data were further adjusted for age; 45 children
from OKKio alla Salute and 24 from HBSC did not provide information on physical activity and were therefore excluded. Estimates in bold type are significant at 0.05. 3 Reference
category. 4 Information on the child’s birth weight and parents’ BMI were not available for the HBSC survey.
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Table 3. Odds ratios (OR) and corresponding 95% confidence intervals (CI) for childhood over-
weight (including obesity) and poor physical activity according to selected lifestyle habits and other
characteristics. Lombardy, 2018–2019.

Characteristics

Overweight 1 Poor Physical Activity 2

OR (95% CI) OR (95% CI)

OKKio alla Salute
Age 8–9 Years

HBSC
Age 11–15 Years

OKKio alla Salute
Age 8–9 Years

HBSC
Age 11–15 Years

Physical activity
Low 1.00 3 1.00 3 - -

Moderate 0.82 (0.66–1.02) 0.85 (0.63–1.14) - -
High 0.67 (0.54–0.82) 0.66 (0.52–0.85) - -

p for trend <0.001 0.001 - -
Time spent watching

TV (approximate
tertiles) 4

Low 1.00 3 1.00 3 1.00 3 1.00 3

Intermediate 1.11 (0.87–1.41) 1.09 (0.81–1.46) 0.90 (0.72–1.12) 0.90 (0.73–1.11)
High 1.18 (0.95–1.46) 1.81 (1.40–2.33) 1.19 (0.99–1.44) 1.44 (1.19–1.74)

p for trend 0.132 <0.001 0.091 <0.001
Time spent playing
with the computer

(approximate tertiles) 5

Low 1.00 3 1.00 3 1.00 3 1.00 3

Intermediate 1.14 (0.90–1.45) 1.26 (0.93–1.71) 1.14 (0.93–1.40) 1.18 (0.95–1.45)
High 1.46 (1.15–1.85) 1.65 (1.22–2.22) 1.37 (1.10–1.69) 1.31 (1.06–1.62)

p for trend 0.002 0.001 0.004 0.012
BMI

Underweight - - 1.65 (1.01–2.70) 1.49 (0.94–2.36)
Normal weight - - 1.00 3 1.00 3

Overweight - - 1.28 (1.05–1.57) 1.29 (1.02–1.65)
Obese - - 1.71 (1.21–2.42) 2.33 (1.32–4.13)

p for trend - - 0.004 <0.001
1 ORs for overweight (overweight/obesity vs. normal weight) were calculated in unconditional multiple logistic
regression models, after adjustment for sex, parents’ highest level of education and physical activity (low,
intermediate, high). HBSC data were further adjusted for age. Underweight children and adolescents were
excluded from the analyses. Estimates in bold type are significant at 0.05. 2 ORs for poor physical activity (first vs.
second and third tertiles of physical activity) were calculated in unconditional multiple logistic regression models,
after adjustment for sex, parents’ highest level of education and BMI (underweight/normal weight, overweight,
obese); HBSC data were further adjusted for age; 45 children from OKKio alla Salute and 24 from HBSC did not
provide information on physical activity and were therefore excluded. Estimates in bold type are significant at
0.05. 3 Reference category. 4 In OKKio alla Salute: <1.17 h per day/1.17–1.54 h/≥1.55 h per day. In HBSC: <1.17 h
per day/1.17–2.22 h/≥2.23 h per day. 5 In OKKio alla Salute: <34 min per day /34 min–1.16 h/≥1.17 h per day.
In HBSC: <38 min per day/38 min −1.51 h/≥1.52 h per day.

3.4. Perceived Nervousness, Irritability and Experienced Bullying

In adolescents, obese subjects reported more frequently nervousness (OR = 2.37;
95% CI: 1.32–4.26), general psychological distress (OR = 2.44; 95% CI: 1.12–5.27) and
bullying episodes in the previous two months (OR = 2.25; 95% CI: 1.17–4.34; Table 4).
Feelings of irritability increased with an increasing level of BMI (p for trend = 0.038).
Increasing physical activity significantly decreased the frequency of all mental health
outcomes (p for trend ≤ 0.002).
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Table 4. Odds ratios 1 (OR) and corresponding 95% confidence intervals (CI) for selected mental
health outcomes by body mass index (BMI) levels and physical activity. Lombardy, 2018.

Characteristics

HBSC Age 11–15 Years

Nervous Feeling Low Irritable Psychological
Distress 2 Being Bullied

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

BMI levels
Underweight 0.89 (0.56–1.40) 1.16 (0.73–1.83) 0.83 (0.53–1.31) 0.97 (0.60–1.59) 1.42 (0.79–2.53)

Normal weight 1.00 3 1.00 3 1.00 3 1.00 3 1.00 3

Overweight 1.15 (0.91–1.45) 1.18 (0.93–1.49) 1.20 (0.95–1.52) 1.09 (0.84–1.40) 1.25 (0.91–1.72)
Obese 2.37 (1.32–4.26) 1.36 (0.76–2.45) 1.44 (0.79–2.62) 2.44 (1.12–5.27) 2.25 (1.17–4.34)

p for trend 0.007 0.203 0.038 0.075 0.069
Physical activity

Low 1.00 3 1.00 3 1.00 3 1.00 3 1.00 3

Moderate 0.66 (0.53–0.81) 0.76 (0.61–0.95) 0.77 (0.62–0.96) 0.66 (0.52–0.84) 0.67 (0.49–0.93)
High 0.74 (0.62–0.88) 0.75 (0.63–0.89) 0.67 (0.56–0.80) 0.62 (0.51–0.75) 0.72 (0.56–0.92)

p for trend <0.001 0.002 <0.001 <0.001 0.001
1 ORs for all mental health outcomes were calculated in unconditional multiple logistic regression models, after
adjustment for sex, age group, parents’ highest level of education and mutually for BMI levels and physical
activity. Estimates in bold type are significant at 0.05. 2 Psychological distress was computed as the average score
of the three previous measures (nervousness, feeling low, irritability). 3 Reference category.

Distribution and percent prevalence of overweight (including obese) and poor physical
activity for each variable are reported in Supplementary Tables S1 and S2. Supplementary
Tables S3 and S4 show the ORs and corresponding 95% CIs for childhood overweight
(including obesity), stratified by sex. No substantial differences were observed.

4. Discussion

In 2018–2019 in northern Italy the prevalence of overweight (including obesity) was
22% in children aged 8–9 years and 14% in adolescents aged 11–15 years. The prevalence
was higher in males, in families with a low socio-economic status and obese parents, and
in those reporting longer time at a screen. Poor physical activity increased with age and
was higher in females. Overweight and poor physical activity were both related to several
psychological wellbeing shortcomings (i.e., feeling nervous, irritable) and having been a
victim of bullying.

In all, the prevalence of childhood overweight in northern Italy was substantially lower
than in Europe as a whole, estimated at 29% for boys and 27% for girls aged 7–9 years,
and 25% for boys and 16% for girls aged 11–15 years [5,6]. Compared to the other Italian
regions, Lombardy estimates showed a substantially lower prevalence of overweight [37,38],
confirming a national north–south gradient [10] not only for adults [9]. Comparing our
estimates with the corresponding Lombardy figures of previous waves (2014–2016), the
prevalence of overweight remained substantially stable [39,40].

Adolescence represents a special transition period from childhood to adulthood [41],
encompassing elements of psychological, biological and hormonal changes and major social
role transitions, that complicate a comparison with other periods of life. However, our
data, estimated using two different methods (Cole’s cut-offs and z-scores), are in line with
a decrease in overweight (including obesity) prevalence from pre-pubertal age to pubertal
age [5,6]. Self-reported measures in adolescents may possibly suffer reporting bias [42,43],
resulting in slightly lower BMI; nevertheless, our data are consistent with those from the
National Institute of Statistics, collecting data with homogeneous methodology for all age
groups [8]. The already documented sharp decrease in overweight and obesity prevalence
with age in Italy might be partially explained by present policies or natural course. Body
dissatisfaction and the “thin-ideal of feminine beauty” are phenomena documented in ado-
lescence, particularly in females [44,45]. These attitudes might contribute to the attenuation
in overweight prevalence in pubertal age, leading to a consequent higher prevalence in
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malnutrition among girls. However, when comparing adolescent males and females in our
data, the prevalence of chronic malnutrition was not higher among females. Among the
reasons for the observed decrease in overweight prevalence with age, we can also include
the possibly less healthy dietary habits of children compared to adolescents. This has been
observed by a previous Italian study [46], showing a lower prevalence of good adherence
to Mediterranean diet in students attending primary than secondary school, suggesting
that younger children are more subjected to unhealthy choices. This result is in contrast
with the majority of data from other countries reporting a negative trend in Mediterranean
diet adherence with age [47,48]. In addition, the relatively high prevalence of overweight
among Italian children could be related to the restricted time devoted to physical activity
in the Italian primary schools compared to other countries.

Our data confirm the higher prevalence of overweight among males, and poor physical
activity among females, in line with Italian and European estimates on children [5,6,49–52].
In agreement with recent European estimates, poor physical activity was more frequent
with increasing age [13].

We confirm the well-known relationship between low socio-economic status, including
parental education, and childhood overweight, obesity and poor physical activity [49].
Moreover, our estimates indicated that, particularly among children aged 8–9 years, those
with a non-Italian nationality appeared at increased risk of overweight (or obesity) and
poor physical activity. These results agree with other studies [53,54] and are possibly
explained by the low socio-economic level of families with a foreign nationality or by the
lack of knowledge among immigrant parents about available facilities and opportunities
for physical activity for their children [54,55]. Therefore, preventing campaigns should
focus particularly on low-socio-economic and foreign families.

Overweight and poor physical activity were more prevalent in children with at least
one obese parent. These results suggest that an obese family might be a key target for
intervention efforts to prevent overweight and promote adequate physical activity among
these children [56,57]. In addition, as already shown [58,59], higher birth weight was a
major determinant for overweight, suggesting that prenatal factors including genes and
nutrition play major roles in wellness and BMI later in life.

Our findings confirmed that longer time watching TV and playing videogames was
related to overweight and poor physical activity [60,61]. Parents should be aware of this
direct relationship and regulate the screen time of their children. Sedentary behavior has
also been associated with other unhealthy habits such as snacking on junk food [62,63]. This
is particularly critical since leisure time is increasingly spent in sedentary pursuits [62,63].

In line with current literature, higher levels of BMI and poorer physical activity were
related to lower psychological wellbeing, particularly in the form of feeling discomfort,
such as irritability and feeling nervous [21–23]. In addition, adolescents who had been
victims of bullying were more frequently obese and with low levels of physical activity,
confirming findings from other studies highlighting the risk factors implied in such events
for both psychological and physical health [24,25]. In school, weight-based bullying is
among the most frequent forms of peer harassment reported by students [24,25], and
weight stigmatization can further sharpen unhealthy eating behaviors and reduce physical
activity [26]. Media campaigns should stress that preventing obesity has important implica-
tions not only for the physical health of children but also for their moods and psychological
wellbeing. However, any dietary education and overweight prevention program, at any
age group, must focus on the development of a correct relationship with food and pay
particular attention to avoid the risk of developing any negative behavior, as, for example,
eating disorders.

Our study needs to be interpreted in light of some limitations, mainly inherent to
the cross sectional study design, not allowing us to derive any causal inference from the
relationships observed. Another limitation is the self-reporting of anthropometric measures
by adolescents aged 11–15 years. Moreover, the different methods of data collection
used in the two surveys did not allow us to make any comparisons between the two
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studies. In addition, differences in sampling methodology may have caused systematic
discrepancies in the two samples. Thus, for example, the proportion of foreign families
was 17% among children aged 8–9 years and 4% among adolescents aged 11–15 years.
In addition, since data for children and adolescents come from two different surveys
(designed for different target populations), some questions were formulated differently.
This may have further accentuated the observed differences between the two surveys.
In addition, being this is a population-based study, we did not have the possibility to
investigate any clinical data, particularly important when studying overweight correlates.
New data considering clinically relevant measures are therefore required to have a clearer
and more complete evaluation of correlates of overweight. Among the strengths, we
can include the large sample size that enabled us to detect even the smallest differences,
the representativeness of the two samples, collected using two national surveys, and the
measured anthropometric data in the OKKio alla Salute survey. Another strength of this
study is the comprehensiveness of the two surveys, produced in collaboration with the
Regional Office for Europe of the WHO, considering exhaustively several (not frequently
studied) aspects related to overweight and poor physical activity, such as psychological
wellbeing and bullying, that represent the added value of this study, enabling a clearer
definition of the characteristics of children and adolescents affected by overweight or obesity.
In addition, limiting our cover to the Lombardy region meant we had no heterogeneous
data due to differences across the country. The Lombardy region represents the most
populous Italian region, with approximately 10 million inhabitants (one-sixth of Italy).
Although having restricted our study to a homogeneous population is a strength of our
study, in order to have a broader evaluation of the determinants of overweight, data from
different countries should be collected and compared.

In conclusion, in northern Italy three out of four children or adolescents are of normal
weight. Obesity intervention programs should particularly target and prioritize low socio-
economic families and those with overweight or obese parents.

Special attention needs to be paid to psychological wellbeing in schools, by monitoring
and possibly reducing specific threats or risk factors such as bullying or negative moods
(i.e., feeling nervous and irritable). Policymakers and other stakeholders, including parents,
should also increase the opportunities for young people to participate in daily physical
activity and explore solutions to reduce excessive screen time in order to preserve the
wellbeing of children and adolescents. Future research should evaluate the efficacy of
population prevention programs focused on these identified fragile subgroups.
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ratios (OR) and corresponding 95% confidence intervals (CI) for childhood overweight (including
obesity) stratified by sex, according to selected socio-demographic and family characteristics. Lom-
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