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Abstract: Background: This study analysed through the perspective of networks the association be-
tween physical activity (PA), sedentary behaviour (SB), and cardiovascular risk factors in overweight
low-income schoolchildren from the perspective of complex systems. Methods: The sample consisted
of 41 overweight children between 6 and 10 years old (56% girls). PA and SB were analysed by ac-
celerometer, and the measures of cardiovascular factor risk were: anthropometric and hemodynamic
measurements, body fat, lipid profile and glucose, cardiorespiratory fitness (CRF), left ventricular
mass (LVM), and Sokolow–Lyon. Network analysis with Bootstrap-1000 was performed to analyse
the association between PA, SB and the cardiovascular risk factors. Results: Moderate-to-vigorous
PA was positive related to waist circumference (WC; 0.499), HDL-C (0.307), and CRF (0.276), and
negatively associated with BMI (−0.251) and Fat (−0.341). For SB, positive associations were seen
with WC (0.326), CRF (0.296), LVM (0.250) and Sokolow (0.215). In addition, the centrality indicators
highlighted WC as the most important variable in the network. Conclusion: Interventions that aim to
mitigate the harmful effects of obesity on cardiovascular risk factors in overweight children should
consider WC as an important variable in the system.

Keywords: cardiovascular factors; network analysis; obese children; physical activity; sedentary
behaviour

1. Introduction

Overweight and obesity in childhood have a complex etiology, involving the simulta-
neous non-linear interactions between genetic, biological, environmental and behavioural
factors [1]. Children from low-income settings show a high prevalence of obesity [2] and
are more likely to develop cardiovascular risk factors, such as decreased glucose tolerance
and type 2 diabetes mellitus, high lipid profile, high systolic blood pressure and atheroscle-
rosis [3,4]. Furthermore, overweight children tend to have greater left ventricle mass (LVM)
hypertrophy, when compared to their normal-weight peers [5]. LVM is a dysfunction that
appears even before other cardiovascular risk factors, such as arterial hypertension. Despite

Obesities 2023, 3, 86–96. https://doi.org/10.3390/obesities3010008 https://www.mdpi.com/journal/obesities

https://doi.org/10.3390/obesities3010008
https://doi.org/10.3390/obesities3010008
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/obesities
https://www.mdpi.com
https://orcid.org/0000-0003-3296-4747
https://orcid.org/0000-0001-8260-0189
https://orcid.org/0000-0002-4549-3959
https://orcid.org/0000-0002-4947-9329
https://doi.org/10.3390/obesities3010008
https://www.mdpi.com/journal/obesities
https://www.mdpi.com/article/10.3390/obesities3010008?type=check_update&version=1


Obesities 2023, 3 87

being considered the best indicator of a coronary lesion, the analysis of LVM has still been
neglected in children [6].

It is also known that children’s movement behaviours, such as low levels of physical
activity (PA), and high time spent in sedentary behaviour (SB), are associated with cardio-
vascular risk factors’ incidence, and tend to be more prevalent in overweight and obese
children [4] living in socially vulnerable contexts. Studies point out that in middle-income
countries such as Brazil, low socio-economic status is related to lifestyle determinants for
obesity once it hinders access to healthy foods and PA opportunities [7,8]. Moderate-to-
vigorous physical activity (MVPA) is related to improvements in cardiorespiratory fitness
(CRF) (Ross et al., 2016) and acts as a protective factor against cardiovascular diseases [9].
Conversely, results of a recent review study show that SB, assessed through screen time,
negatively influences outcomes related to cardiovascular health and childhood obesity [10],
though further studies using objective measures of SB are needed.

In fact, movement behaviours such as MVPA and SB are interrelated [11]. Moreover,
the different cardiovascular risk factors are also interrelated [12,13] and can cluster in the
same person [14]. Therefore, factors involved in obesity´s etiology, such as movement
behaviours and cardiovascular risk factors, should be seen as a dynamic, non-linear and
integrated system. Considering that the presence or absence of a single variable within a
model composed of interrelated variables may completely change its nature [15], from a
theoretical and statistical perspective, the possible dynamic relationships between move-
ment behaviours and cardiovascular risk factors might be explored through a network
perspective, taking into account its non-linearity [16]. Thus, the present study aimed to
analyse the relationship between MVPA, SB, and cardiovascular risk factors in overweight
low-income children through a network approach.

2. Materials and Methods
2.1. Study Description

This cross-sectional study used baseline data from the school-based program “Pan-
pes”, which aimed to analyze the effects of a multicomponent intervention on health and
behavioural outcomes of obese children. All the Helsinki Declarations’ ethical aspects were
followed (Association, 2013). The evaluation methods and procedures were approved by
the Research Ethics Committee of Health Science Center (protocol n. 1.311.598) and by the
Education Board of the city.

2.2. Sample

Eligibility criteria for schools’ and children´s selection were established as follows:

• School:

- Elementary public schools from central and suburban and deprived areas from
Petrolina-PE, Brazil;

- Indoor gym and with a minimum of one hundred students;
- Overweight children (85th percentile for sex and age, according to the World

Health Organization [17]).

• Children:

- Overweight or obese [17];
- Properly enrolled in participating schools;
- Parental consent to participate.

Afterwards, the number of children who should have their weight and height mea-
sured, in order to identify excessive body weight (defined by the 85th percentile for sex and
age, according to the World Health Organization (WHO) [17]), was calculated by using the
number of children who met the inclusion criteria (2.231) multiplied by 45.0%, which was
the prevalence of overweight and obesity in the Northeastern Region of Brazil. This resulted
in a sample of 970 children, who were equally distributed (random selection of 122 children
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per school) in the eligible schools and grades. From the total of 970, 194 children presented
excessive weight, corresponding to 20% of the sample.

To determine the minimum sample size, a power of 0.80, effect size 0.3, error of 5%
and an increase of 25% for possible losses and refusals were considered, totaling 30 children
by group. Two schools met the inclusion criteria. All parents of overweight children found
in both schools were invited to participate in the study (60 children in all).

2.3. Data Collection

Data were collected in February 2016 by five physical education teachers and three
cardiologists, who were previously trained and supervised by the project´s coordinator.
Data were collected at the school (anthropometric, hemodynamic measurements, lipid
and glucose profile, cardiorespiratory fitness, physical activity and SB) and the clinic of
cardiology (left ventricular mass) during the weekend, in moments previously scheduled
with the parents and the school board.

• Anthropometric measurements

Body mass (kg), body height (cm) and waist circumference (WC; cm) measurements
were assessed following WHO standardisation [17]. Body mass was measured using a
Welmy® (São Paulo, Brazil) digital scale with 100 g accuracy. To measure body height, a
stadiometer attached to the scale was used. The vertex and the plantar region of the children
were used as reference points, and body mass index (BMI) was calculated. Children who
presented BMI above the 85th percentile for age and sex were considered overweight [17].
In all measurements, children were standing in bare feet and wearing light clothes.

WC was assessed at the midline between the lower edge of the rib cage and the
upper limit of the iliac crest and was measured with Sanny® (São Paulo, Brazil) metal tape
measuring 1 mm [17].

The sum of skinfolds (triceps and subscapular skinfolds) was performed according to
the standardisation protocol proposed by Harrison et al. [18], using a Lange® (Seko, USA)
skinfold caliper.

All anthropometric measurements were performed in triplicate, by the same evaluator.
For analysis, the mean value was adopted.

• Hemodynamic measurements

Systemic blood pressure was measured by a single evaluator, using a digital automatic
device (Omron®; Osaka, Japan); this equipment has good levels of sensitivity and specificity
for blood pressure measurements in children and adolescents [19]. Three measurements
were performed, with a five-minute interval. Measurements were always obtained under
similar conditions, in the same place and position, with the left arm being raised to the
height of the midpoint of the sternum and resting on a table, according to the Brazilian
Society of Cardiology [20], and the median value was used for analysis. This procedure has
already been adopted in previous studies [21]. Mean blood pressure (MBP) was considered
for the analysis; the same was calculated by ((2 x diastolic blood pressure) + systolic blood
pressure)/3).

• Lipid and glucose profile

For biochemical profile measurements, 10 mL of venous blood was collected from the
antecubital vein after 12 h of fasting. The blood sample was deposited in a vacuum tube
with separating gel and without anticoagulant and was stored in thermal boxes for later
analysis in a specialised laboratory. Triglycerides (TG), total cholesterol (TC), low-density
cholesterol (LDL-C), high-density cholesterol (HDL-C) and glucose levels were determined
in mg/dL [22].

• Cardiorespiratory Fitness

Cardiorespiratory fitness (CRF) was verified through the 6 min running and walking
test proposed by Gaya et al. [23]. The test was conducted on the school court and was per-
formed individually. The test was guided by a Physical Education teacher, who monitored
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the time and verified the distance reached by the child during the given time. During the
test, motivational words were directed to the children.

• Left Ventricular Mass

Left ventricular end-diastolic and end-systolic measurements were obtained with the
patient in a partial left lateral position according to recommendations by the American
Society of Echocardiography [24]. Frames with optimal visualisation of interfaces and
showing simultaneous visualisation of the septum, left ventricular internal diameter, and
posterior wall were used. A Level 3 echocardiographer performed the interpretations.
Left ventricular mass was calculated by using the Devereux formula: left ventricular mass
(g) = 0.80 × 0.6 g. The left ventricular mass was indexed according to body surface area.

The voltage based on the Sokolow–Lyon criteria has been used to diagnose left ventric-
ular hypertrophy and has been associated with the presence of cardiovascular disease [25].
Individual leads were analysed by measuring the tallest R or R′ and the deepest S or QS
complex in all the precordial and using the PR segment as baseline. In cases of voltage
differences within the same lead, only the largest complex was selected. The proposed cri-
teria were obtained by adding SD to the in V4 (SD + SV4). The Sokolow–Lyon voltage was
obtained by adding the amplitude of S in V1 and the amplitude of R in V5 or V6 ≥ 3.5 mV
(SV1 + RV5 or RV6); the limb lead voltage criteria amplitude of R in aVL > 1.1 mV (RaVL)
and amplitude of R in L1 > 1.4 mV (RL1).

• Physical activity and Sedentary Behaviour

PA and SB were objectively measured using accelerometry (GT3X+, ActiGraph®, Pen-
sacola, USA). Children were instructed to use the accelerometer affixed to the waist during
eight consecutive days and remove for fighting and water activities, and at night [26].

Data were collected at a sampling rate of 80 Hz and epochs of 15 s. To reduce the
data, the ActiLife 6.12 software was used, and data validity was set adopting the following
criteria: three weekdays, and one weekend day; at least 10 h/day of registered data (06:00
to 00:00); 10 or more consecutive minutes of zero counts were established as non-wear
time [27]. The time spent in SB and MVPA were obtained by the weighted average of
minutes/day, using established cut-off points proposed by Evenson et al. [28].

• Data management and statistical analysis

To characterise the sample, a Student’s t-test was used to compare the means of all
variables between boys and girls.

A network analysis was conducted to assess the associations between MVPA, SB, and
cardiovascular risk factors. The Fruchterman–Reingold algorithm was applied, and data
were shown in a relative space in which variables with strong permanent statistics are
together, and with weak applied variations repelled one another [29]. The least absolute
contraction and selection operator was used to obtain regularisation and to obtain a less-
sparse model [30]. The partial correlation parameter was adjusted to 0.25 to create a network
with greater parsimony and specificity [31]. Additionally, a 1.000-bootstrap resampling
was performed.

Three centrality indicators were used to determine the role of each variable in the
emerged network: (1) betweenness (centrality between the parts), estimated from the
number of times that a node is part of the shortest path among all the other pairs of
nodes connected to the network; (2) closeness, which is determined from the inverse of the
distances from one node to all others; and (3) strength (degree/centrality), which is the
sum of all the weights of the paths that connect a node to the others [32]. The Jasp software
version 0.12 was used.

3. Results

Sixty children were invited to participate in the study, of which nineteen were not
included (did not present parental consent or did not attend assessments). Thus, 41 children
(56% girls; 7.85 ± 0.96 years old) were evaluated. Boys were more active and less sedentary
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than girls, as they spent more than 10 min/day on MVPA and less than 60 min/day on SB
(Table 1).

Table 1. Sample characterisation.

Variables Boys (n = 18)
(Mean ± SD)

Girls (n = 23)
(Mean ± SD) p d’ Cohen

Age 7.7 ± 0.9 8.0 ± 1.0 0.277 −0.347

MVPA (min/day) 34.6 ± 16.4 24.6 ± 13.5 0.037 * 0.679

SB (min/day) 330.4 ± 44.6 389.0 ± 68.6 0.003 * −0.987

BMI (kg/m2) 21.7 ± 3.2 22.1 ± 2.6 0.621 −0.157

WC (cm) 68.8 ± 3.2 22.1 ± 2.6 0.822 0.071

Fat (%) 34.2 ± 9.2 34.7 ± 6.5 0.841 −0.063

MBP (mmHg) 84.5 ± 6.9 80.3 ± 8.2 0.091 0.546

TC (mg/dL) 159.2 ± 35.3 156.6 ± 35.4 0.800 0.080

HDL-C (mg/dL) 37.4 ± 3.8 37.3 ± 7.8 0.962 0.015

LDL-C (mg/dL) 101.9 ± 29.8 97.8 ± 25.7 0.635 0.151

TG (mg/dL) 96.3 ± 45.1 100.9 ± 52.3 0.769 −0.093

Glucose (mg/dL) 82.4 ± 5.8 82.7 ± 6.2 0.891 −0.044

CRF (meters) 748.6 ± 73.7 752.0 ± 95.3 0.901 −0.039

LVM (g) 49.9 ± 9.4 48.2 ± 12.4 0.629 0.153

Sokolow–Lyon 33.4 ± 6.9 31.7 ± 5.6 0.384 0.277

MVPA = Moderate to vigorous physical activity; SB = Sedentary behaviour; BMI = Body mass index; WC = Waist
circumference; MBP = Mean blood pressure; TC = Total cholesterol; HDL-C = High density cholesterol;
LDL-C = Low density cholesterol; TG = Triglycerides; CRF = Cardiorespiratory fitness; LVM = Left ventric-
ular mass; * = p < 0.005.

The space visualisation of the network is presented in Figure 1. The blue color ex-
presses positive relationships, and negative relationships between the variables are ex-
pressed by the red color. The thickness and saturation of the colors indicate the weight of
the relationship.
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Figure 1. Network perspective of the relationship between moderate-to-vigorous physical activity,
sedentary behaviour, and cardiovascular risk factors. Caption: 1 = Moderate-to-vigorous physical
activity; 2 = Sedentary Behaviour; 3 = Age; 4 = Sex; 5 = Body mass index; 6 = Waist circumference;
7 = Mean blood pressure; 8 = High density cholesterol; 9 = Low density cholesterol; 10 = Triglycerides;
11 = Glucose; 12 = Fat; 13 = Cardiorespiratory fitness; 14 = Left ventricular mass; 15 = Sokolow–Lyon.
Blue color lines = positive association; Red color lines = negative association.
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Positive relationships were seen between MVPA and WC (0.499), HDL-C (0.307) and
CRF (0.276). Conversely, MVPA was negatively associated with BMI (−0.251) and Fat
(−0.341). For SB, positive associations were seen with WC (0.326), CRF (0.296), LVM (0.250)
and Sokolow-Lyon (0.215) (Table 2).

Table 2. Weight matrix of variables MVPA, SB, age, sex and cardiovascular risk factors.

Variables MVPA SB Age Sex BMI WC MBP HDL LDL TGL Glucose Fat CRF LVM Sokolow

MVPA 0.000
SB −0.267 0.000

Age −0.513 −0.319 0.000
Sex 0.062 0.581 0.408 0.000
BMI −0.251 −0.116 −0.561 0.378 0.000
WC 0.499 0.326 0.716 −0.444 0.664 0.000
MBP 0.016 −0.097 −0.094 −0.151 0.037 0.092 0.000

HDL-C 0.307 0.069 0.263 −0.127 0.072 −0.253 −0.315 0.000
LDL-C 0.047 0.008 −0.174 0.065 −0.086 0.122 0.105 0.129 0.000

TG −0.144 −0.073 −0.204 0.156 −0.228 0.305 −0.219 −0.062 −0.083 0.000
Glucose −0.148 −0.020 0.084 −0.150 0.265 −0.072 −0.080 0.004 −0.060 0.079 0.000

Fat −0.341 −0.092 −0.115 0.035 0.123 0.485 −0.099 0.084 0.224 0.021 −0.212 0.000
CRF 0.276 0.296 0.503 −0.223 0.164 −0.271 0.011 −0.146 0.277 0.031 0.144 −0.199 0.000
LVM 0.171 0.250 0.318 −0.311 0.237 −0.355 −0.027 −0.089 0.314 0.329 −0.217 −0.108 −0.386 0.000

Sokolow-Lyon 0.203 0.215 0.110 −0.248 0.158 −0.216 0.038 −0.093 0.112 0.331 −0.128 −0.012 −0.075 −0.187 0.000

MVPA = Moderate-to-vigorous physical activity; SB = Sedentary Behaviour; BMI = Body mass index; WC = Waist
circumference; MBP = Mean blood pressure; HDL = High density cholesterol; LDL = Low density cholesterol;
TG = Triglycerides; CRF = Cardiorespiratory fitness; LVM = Left ventricular mass.

The centrality indicators highlighted WC as the most important variable in the net-
work, according to the Betweenness, Closeness, and Strength indices (Table 3).

Table 3. Centrality measures of the network analysis MVPA, SB, age, sex and cardiovascular
risk factors.

Variables
Network

Betweenness Closeness Strength

MVPA −0.502 0.585 0.480
SB −0.662 −0.029 −0.044

Age 0.459 1.506 1.628
Sex −0.182 0.596 0.576
BMI 0.139 0.504 0.574
WC 3.182 1.809 2.069
Fat −0.662 0.074 −0.627

MBP −0.662 −1.602 −1.403
HDL-C 0.299 −0.831 −0.764
LDL-C −0.662 −1.062 −0.976

TG −0.182 −0.211 −0.510
Glucose −0.662 −1.307 −1.120

CRF −0.021 0.159 0.233
LVM 0.779 0.717 0.536

Sokolow-Lyon −0.662 −0.908 −0.651
MVPA = Moderate-to-vigorous physical activity; SB = Sedentary Behaviour; BMI = Body mass index; WC = Waist
circumference; SBP = Systolic blood pressure; DBP = Dyastolic blood pressure; TC = Total cholesterol; HDL = High
density cholesterol; LDL = Low density cholesterol; TG = Triglycerides; CRF = Cardiorespiratory fitness;
LVM = Left ventricular mass.

4. Discussion

This study analyzed the association between different factors involved in obesity
etiology, considering the synergic relationships between them as a network, in a sample of
overweight low-income schoolchildren. Our main results showed a positive association
between MVPA and HDL, CRF and WC.

It is well known that in general, overweight/obese children tend to spend less time on
MVPA than their normal-weight peers [33]. Although the assessed children do not comply
with the recommended 60 min/day of MVPA, our results are, at least partially, in line with
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previous studies, as MVPA was positively associated with several cardiovascular outcomes.
CRF is an important cardiovascular health indicator [34], negatively related to body fat [35],
which mediates the association between CRF and clustered cardiovascular risk factors [36].
Cardiovascular benefits are seen at higher PA intensities [37], as higher intensities may
provide sympathetic activity reduction, increased vasodilation, and consequently, increased
vascular benefits when compared to low PA intensities [38]. Therefore, in children, CRF
develops as a consequence of MVPA [39]. The observed positive association between
MVPA and CRF is somehow expectable, as even in obese children this association may be
seen [40].

Our results also showed a negative association between MVPA and BMI and body
fat. Such results are already demonstrated in the literature, and MVPA interventions in
obese children promote a decrease in body fat and also in BMI [41,42]. The explanation
most mentioned in the literature is related to changes in energy balance, with an increase in
energy expenditure and a decrease in caloric intake [43].

The results showed a positive association between SB and LVM and the Sokolow-
Lyon index. The indicators of hypertrophy of the left ventricle represent a worrying
variable, since obese children may be more prone to this condition. However, no study
analysed the relationship between SB and LVM in this population, though the increase in
the thickness of the left ventricular wall and the sedentary lifestyle have been identified
as the main characteristics among children and young adult victims of sudden death [44].
It is important to consider that the high duration and frequency of SB are associated with
metabolic markers with a higher cluster cardiovascular risk score [10].

Moreover, this study highlighted a positive association between MVPA and WC, SB
and CRF. Regarding WC, some factors may partially explain this adverse association:
firstly, PA may promote a compensatory effect, increasing caloric intake [45]; additionally,
studies suggest that MVPA is positively associated with time spent in SB in children [46].
Ekelund et al. showed that positive changes in WC may be seen only for those children
who spend longer MVPA periods [47].

Regarding the positive association between SB and CRF, although its association is
most often verified with MVPA it has been observed in association with time in sedentary
activities [48] and when the time in SB is not prolonged [49]. Again, this situation can also
be the result of the compensatory effect, since the CRF is improved with more intense BP.

The cardiovascular risk factors and obesity, especially in childhood, present confusing
relationships, since several factors can influence these associations, such as the period of
intrauterine life [50], genetic aspects [51] and even eating behaviour [43].

Furthermore, it is important to consider that the analysis used in the present study
allows us to verify the associations that occur synergistically. Thus, as previously described
in the literature, MVPA showed an inverse association with SB, which must be considered
when analysing the other associations. Previous studies have shown that combining
these behaviours is one possibility to understand children’s cardiovascular risk factors
better [47,52,53]. A longitudinal study published by Hjort et al. (2014) observed that
children with high MVPA/low SB had a better cardio—metabolic profile than children with
low MVPA/high SB [52]. However, studies that consider these behaviours in combination
with cardiovascular risk factors in children are still few and of low quality [53].

The network system also showed WC as the most important variable in the network,
reinforcing its importance as a useful and easy-assessing measure. A priori studies have
shown that WC can be used to stratify risk groups in children [54,55]. In the study by
Sonmez et al. [56], it was found that WC was associated with greater carotid artery thickness
in obese children, while BMI was not. This situation demonstrates the importance of this
variable in the detection of subclinical cardiovascular diseases, including left ventricular
hypertrophy [57]. This result is in line with the International Diabetes Federation when
suggesting that due to the impossibility of detecting metabolic syndrome in children
under 10 years old, WC should be considered as the main predictor of cardiovascular risk
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factor [58], considering its strong association with insulin resistance, hyperlipidemia and
blood pressure [59].

There are some limitations that the authors are aware of. The results of this study
should be interpreted with caution, considering its limited sample, although the statistical
analysis used is robust enough to support small sample sizes without compromising
the results, and the Bootstrap resampling process was used, which minimises possible
bias. Moreover, the assessment of several cardiovascular risk factors in a low-income
overweight/obese child´s sample, and the use of objectively measures of MVPA, SB and
LVM are strengths that should be highlighted.

The present study demonstrated that cardiovascular risk factors are interrelated, and
showed that even in overweight low-income children, more time spent in MVPA and less
time in SB are related to cardiovascular health. Interventions targeting cardiovascular
health in this population should focus on reducing abdominal fat.

Author Contributions: Conceptualisation, T.B., A.S.F. and F.C.; methodology, T.B., A.S.F. and F.C.;
formal analysis, N.Q., L.C. and P.B.; data curation, T.B., A.S.F., N.Q., L.C. and P.B.; writing—original
draft preparation, T.B., A.S.F., N.Q., L.C., P.B. and C.R.; writing—review and editing, C.R., C.M. and
F.C.; visualisation, C.M. and F.C.; supervision, F.C.; project administration, F.C. All authors have read
and agreed to the published version of the manuscript.

Funding: No financial or material support of any kind was received for the work described in
this article.

Institutional Review Board Statement: All the Helsinki Declarations’ ethical aspects were followed
(Association, 2013). The evaluation methods and procedures were approved by the Research Ethics
Committee of Health Science Center (protocol n. 1.311.598) and by the Education Board of the city.

Informed Consent Statement: All children participating in the study had their parent/guardian’s
authorisation registered in the Consent Form. By signing the Consent Form, all parents/guardians
of the children participating in the study authorised the publication of the data, as long as the
identification and integrity of the children remained safe.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors have no conflict of interest relevant to this article.

References
1. Swinburn, B.; Egger, G.; Raza, F. Dissecting obesogenic environments: The development and application of a framework for

identifying and prioritizing environmental interventions for obesity. Prev. Med. 1999, 29 Pt 1, 563–570. [CrossRef]
2. Klinerogerseva, R.; Eagle, T.F.; Sheetz, A.; Woodward, A.; Leibowitz, R.; Song, M.; Sylvester, R.; Corriveau, N.; Kline-Rogers, E.;

Jiang, Q.; et al. The Relationship between Childhood Obesity, Low Socioeconomic Status, and Race/Ethnicity: Lessons from
Massachusetts. Child. Obes. 2015, 11, 691–695. [CrossRef]

3. Ajala, O.; Mold, F.E.; Boughton, C.; Cooke, D.; Whyte, M. Childhood predictors of cardiovascular disease in adulthood. A
systematic review and meta-analysis. Obes. Rev. 2017, 18, 1061–1070. [CrossRef]

4. Weihrauch-Blüher, S.; Wiegand, S. Risk Factors and Implications of Childhood Obesity. Curr. Obes. Rep. 2018, 7, 254–259.
[CrossRef] [PubMed]

5. de Simone, G.; Devereux, R.B.; Daniels, S.R.; Koren, M.J.; Meyer, R.A.; Laragh, J.H. Effect of growth on variability of left ventricular
mass: Assessment of allometric signals in adults and children and their capacity to predict cardiovascular risk. J. Am. Coll. Cardiol.
1995, 25, 1056–1062. [CrossRef]

6. Dušan, P.; Tamara, I.; Goran, V.; Gordana, M.-L.; Amira, P.-A. Left ventricular mass and diastolic function in obese children and
adolescents. Pediatr. Nephrol. 2015, 30, 645–652. [CrossRef]

7. Wang, Y.; Lim, H. The global childhood obesity epidemic and the association between socio-economic status and childhood
obesity. Int. Rev. Psychiatry 2012, 24, 176–188. [CrossRef]

8. Dinsa, G.D.; Goryakin, Y.; Fumagalli, E.; Suhrcke, M. Obesity and socioeconomic status in developing countries: A systematic
review. Obes. Rev. 2012, 13, 1067–1079. [CrossRef] [PubMed]

9. Ruiz, J.R.; Cavero-Redondo, I.; Ortega, F.B.; Welk, G.J.; Andersen, L.B.; Martinez-Vizcaino, V. Cardiorespiratory fitness cut points
to avoid cardiovascular disease risk in children and adolescents; what level of fitness should raise a red flag? A systematic review
and meta-analysis. Br. J. Sports Med. 2016, 50, 1451–1458. [CrossRef]

http://doi.org/10.1006/pmed.1999.0585
http://doi.org/10.1089/chi.2015.0029
http://doi.org/10.1111/obr.12561
http://doi.org/10.1007/s13679-018-0320-0
http://www.ncbi.nlm.nih.gov/pubmed/30315490
http://doi.org/10.1016/0735-1097(94)00540-7
http://doi.org/10.1007/s00467-014-2992-3
http://doi.org/10.3109/09540261.2012.688195
http://doi.org/10.1111/j.1467-789X.2012.01017.x
http://www.ncbi.nlm.nih.gov/pubmed/22764734
http://doi.org/10.1136/bjsports-2015-095903


Obesities 2023, 3 94

10. Carson, V.; Hunter, S.; Kuzik, N.; Gray, C.E.; Poitras, V.J.; Chaput, J.-P.; Saunders, T.J.; Katzmarzyk, P.T.; Okely, A.D.; Gorber,
S.C.; et al. Systematic review of sedentary behaviour and health indicators in school-aged children and youth: An update. Appl.
Physiol. Nutr. Metab. 2016, 41, S240–S265. [CrossRef]

11. Pearson, N.; Braithwaite, R.E.; Biddle, S.J.H.; Sluijs, E.M.F.; Atkin, A.J. Associations between sedentary behaviour and physical
activity in children and adolescents: A meta-analysis. Obes. Rev. 2014, 15, 666–675. [CrossRef]

12. Liu, M.; Li, X.C.; Lu, L.; Cao, Y.; Sun, R.R.; Chen, S.; Zhang, P.Y. Cardiovascular disease and its relationship with chronic kidney
disease. Eur. Rev. Med. Pharmacol. Sci. 2014, 18, 2918–2926.

13. Gluvic, Z.; Zaric, B.; Resanovic, I.; Obradovic, M.; Mitrovic, A.; Radak, D.; Isenovic, E. Link between Metabolic Syndrome and
Insulin Resistance. Curr. Vasc. Pharmacol. 2016, 15, 30–39. [CrossRef]

14. Andersen, L.; Wedderkopp, N.; Hansen, H.; Cooper, A.; Froberg, K. Biological cardiovascular risk factors cluster in Danish
children and adolescents: The European Youth Heart Study. Prev. Med. 2003, 37, 363–367. [CrossRef] [PubMed]

15. Borsboom, D.; Cramer, A.O. Network Analysis: An Integrative Approach to the Structure of Psychopathology. Annu. Rev. Clin.
Psychol. 2013, 9, 91–121. [CrossRef] [PubMed]

16. Schmittmann, V.D.; Cramer, A.O.; Waldorp, L.J.; Epskamp, S.; Kievit, R.A.; Borsboom, D. Deconstructing the construct: A network
perspective on psychological phenomena. New Ideas Psychol. 2013, 31, 43–53. [CrossRef]

17. World Health Organization. Physical Status: The Use and Interpretation of Anthropometry; Report of a WHO Expert Committee;
World Health Organ: Geneva, Switzerland, 1995; Volume 854.

18. Harrison, K.; Bost, K.K.; McBride, B.A.; Donovan, S.M.; Grigsby-Toussaint, D.S.; Kim, J.; Liechty, J.M.; Wiley, A.; Teran-Garcia,
M.; Jacobsohn, G.C. Toward a Developmental Conceptualization of Contributors to Overweight and Obesity in Childhood: The
Six-Cs Model. Child Dev. Perspect. 2011, 5, 50–58. [CrossRef]

19. Furusawa, E.A.; Ruiz, M.F.O.; Saito, M.I.; Koch, V. Avaliação do monitor de medida de pressão arterial 0mron 705-CP para uso
em adolescentes e adultos jovens. Arq. Bras. Cardiol. 2005, 84, 367–370. [CrossRef] [PubMed]

20. Brandão, A.A.; Rodrigues, C.I.S.; Consolim-Colombo, F.; Plavnik, F.L.; Malachias, M.V.B.; Kohlmann Junior, O. Ferreira Filho
SJABC (2010) VI diretrizes brasileiras de hipertensão. Volume 95. Available online: http://publicacoes.cardiol.br/consenso/2010
/Diretriz_hipertensao_associados.pdf (accessed on 20 February 2023).

21. De Souza, C.B.; Dourado, C.D.S.; Mill, J.G.; Salaroli, L.B.; Molina, M.D.C.B. Prevalence of Hypertension in Children from Public
Schools. Int. J. Cardiovasc. Sci. 2017, 30, 42–51. [CrossRef]

22. Xavier, H.T.; Izar, M.; Faria Neto, J.; Assad, M.; Rocha, V.; Sposito, A.; Fonseca, F.; Dos Santos, J.; Santos, R. V Diretriz brasileira de
dislipidemias e prevenção da aterosclerose. Arq. Bras. Cardiol. 2013, 101, 1–20. [CrossRef]

23. Gaya, A.; Gaya, A. Projeto Esporte Brasil: Manual de Testes e Avaliação Versão 2016. Porto Alegre UFRGS 2016. Available online:
https://www.ufrgs.br/proesp/arquivos/manual-proesp-br-2016.pdf (accessed on 20 February 2023).

24. Devereux, R.B.; Alonso, D.R.; Lutas, E.M.; Gottlieb, G.J.; Campo, E.; Sachs, I.; Reichek, N. Echocardiographic assessment of left
ventricular hypertrophy: Comparison to necropsy findings. Am. J. Cardiol. 1986, 57, 450–458. [CrossRef] [PubMed]

25. Kohsaka, S.; Sciacca, R.R.; Sugioka, K.; Sacco, R.L.; Homma, S.; Di Tullio, M.R. Additional impact of electrocardiographic over
echocardiographic diagnosis of left ventricular hypertrophy for predicting the risk of ischemic stroke. Am. Hear. J. 2005, 149,
181–186. [CrossRef] [PubMed]

26. Actigraph. GT3X+ and wGT3X+ Device Manual. 2013. Available online: https://dl.theactigraph.com/gt3xp_wgt3xp_device_
manual.pdf (accessed on 20 February 2023).

27. Engelen, L.; Bundy, A.C.; Naughton, G.; Simpson, J.M.; Bauman, A.; Ragen, J.; Baur, L.; Wyver, S.; Tranter, P.; Niehues, A.; et al.
Increasing physical activity in young primary school children—It’s child’s play: A cluster randomised controlled trial. Prev. Med.
2013, 56, 319–325. [CrossRef]

28. 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. [CrossRef]

29. Fruchterman, T.M.J.; Reingold, E.M. Graph drawing by force-directed placement. Softw. Pract. Exp. 1991, 21, 1129–1164.
[CrossRef]

30. Friedman, J.; Hastie, T.; Tibshirani, R. Sparse inverse covariance estimation with the graphical lasso. Biostatistics 2007, 9, 432–441.
[CrossRef]

31. Foygel, R.; Drton, M. Extended Bayesian information criteria for Gaussian graphical models. In Advances in Neural In-Formation
Processing Systems; The MIT Press: London, UK, 2010; Volume 23, pp. 604–612.

32. Epskamp, S.; Cramer, A.O.J.; Waldorp, L.J.; Schmittmann, V.D.; Borsboom, D. qgraph: Network Visualizations of Relationships in
Psychometric Data. J. Stat. Softw. 2012, 48, 1–18. [CrossRef]

33. Raistenskis, J.; Sidlauskiene, A.; Strukcinskiene, B.; Baysal, S.U.; Buckus, R. Physical activity and physical fitness in obese,
overweight, and normal-weight children. Turk. J. Med. Sci. 2016, 46, 443–450. [CrossRef] [PubMed]

34. Bailey, D.P.; Charman, S.J.; Ploetz, T.; Savory, L.A.; Kerr, C.J. Associations between prolonged sedentary time and breaks in
sedentary time with cardiometabolic risk in 10–14-year-old children: The HAPPY study. J. Sports Sci. 2016, 35, 2164–2171.
[CrossRef] [PubMed]

35. Fairchild, T.J.; Klakk, H.; Heidemann, M.; Andersen, L.B.; Wedderkopp, N. Exploring the Relationship between Adiposity and
Fitness in Young Children. Med. Sci. Sports Exerc. 2016, 48, 1708–1714. [CrossRef]

http://doi.org/10.1139/apnm-2015-0630
http://doi.org/10.1111/obr.12188
http://doi.org/10.2174/1570161114666161007164510
http://doi.org/10.1016/S0091-7435(03)00145-2
http://www.ncbi.nlm.nih.gov/pubmed/14507494
http://doi.org/10.1146/annurev-clinpsy-050212-185608
http://www.ncbi.nlm.nih.gov/pubmed/23537483
http://doi.org/10.1016/j.newideapsych.2011.02.007
http://doi.org/10.1111/j.1750-8606.2010.00150.x
http://doi.org/10.1590/S0066-782X2005000500003
http://www.ncbi.nlm.nih.gov/pubmed/15917967
http://publicacoes.cardiol.br/consenso/2010/Diretriz_hipertensao_associados.pdf
http://publicacoes.cardiol.br/consenso/2010/Diretriz_hipertensao_associados.pdf
http://doi.org/10.5935/2359-4802.20170023
http://doi.org/10.5935/abc.2013S010
https://www.ufrgs.br/proesp/arquivos/manual-proesp-br-2016.pdf
http://doi.org/10.1016/0002-9149(86)90771-X
http://www.ncbi.nlm.nih.gov/pubmed/2936235
http://doi.org/10.1016/j.ahj.2004.06.006
http://www.ncbi.nlm.nih.gov/pubmed/15660051
https://dl.theactigraph.com/gt3xp_wgt3xp_device_manual.pdf
https://dl.theactigraph.com/gt3xp_wgt3xp_device_manual.pdf
http://doi.org/10.1016/j.ypmed.2013.02.007
http://doi.org/10.1080/02640410802334196
http://doi.org/10.1002/spe.4380211102
http://doi.org/10.1093/biostatistics/kxm045
http://doi.org/10.18637/jss.v048.i04
http://doi.org/10.3906/sag-1411-119
http://www.ncbi.nlm.nih.gov/pubmed/27511509
http://doi.org/10.1080/02640414.2016.1260150
http://www.ncbi.nlm.nih.gov/pubmed/27892780
http://doi.org/10.1249/MSS.0000000000000958


Obesities 2023, 3 95

36. Ekelund, U.; Anderssen, S.A.; Froberg, K.; Sardinha, L.B.; Andersen, L.B.; Brage, S. European Youth Heart Study Group
Independent associations of physical activity and cardiorespiratory fitness with metabolic risk factors in children: The European
youth heart study. Diabetologia 2007, 50, 1832–1840. [CrossRef]

37. Tarp, J.; Child, A.; White, T.; Westgate, K.; Bugge, A.; Grøntved, A.; Wedderkopp, N.; Andersen, L.B.; Cardon, G.; Davey, R.; et al.
Physical activity intensity, bout-duration, and cardiometabolic risk markers in children and adolescents. Int. J. Obes. 2018, 42,
1639–1650. [CrossRef]

38. García-Hermoso, A.; Cerrillo-Urbina, A.J.; Herrera-Valenzuela, T.; Cristi-Montero, C.; Saavedra, J.M.; Martínez-Vizcaíno, V.
Is high-intensity interval training more effective on improving cardiometabolic risk and aerobic capacity than other forms of
exercise in overweight and obese youth? A meta-analysis. Obes. Rev. 2016, 17, 531–540. [CrossRef] [PubMed]

39. Andersen, L.B.; Riddoch, C.; Kriemler, S.; Hills, A.P. Physical activity and cardiovascular risk factors in children. Br. J. Sports Med.
2011, 45, 871–876. [CrossRef]

40. Calcaterra, V.; Larizza, D.; Codrons, E.; De Silvestri, A.; Brambilla, P.; Abela, S.; Arpesella, M.; Vandoni, M. Improved metabolic
and cardiorespiratory fitness during a recreational training program in obese children. J. Pediatr. Endocrinol. Metab. 2012, 26,
271–276. [CrossRef]

41. Rajjo, T.; Mohammed, K.; Alsawas, M.; Ahmed, A.T.; Farah, W.; Asi, N.; Almasri, J.; Prokop, L.J.; Murad, M.H. Treatment of
Pediatric Obesity: An Umbrella Systematic Review. J. Clin. Endocrinol. Metab. 2017, 102, 763–775. [CrossRef] [PubMed]

42. Brown, T.; Moore, T.H.; Hooper, L.; Gao, Y.; Zayegh, A.; Ijaz, S.; Elwenspoek, M.; Foxen, S.C.; Magee, L.; O’Malley, C.; et al.
Interventions for preventing obesity in children. Cochrane Database Syst. Rev. 2019, 2019, CD001871. [CrossRef]

43. Hills, A.P.; Andersen, L.B.; Byrne, N. Physical activity and obesity in children. Br. J. Sports Med. 2011, 45, 866–870. [CrossRef]
44. O’Mahony, C.; Elliott, P.; McKenna, W. Sudden cardiac death in hypertrophic cardiomyopathy. Circ. Arrhythmia Electrophysiol.

2013, 6, 443–451. [CrossRef]
45. Westerterp, K.R. Exercise, energy balance and body composition. Eur. J. Clin. Nutr. 2018, 72, 1246–1250. [CrossRef]
46. Ridgers, N.D.; Timperio, A.; Cerin, E.; Salmon, J. Compensation of Physical Activity and Sedentary Time in Primary School

Children. Med. Sci. Sports Exerc. 2014, 46, 1564–1569. [CrossRef]
47. Ekelund, U.; Luan, J.; Sherar, L.B.; Esliger, D.W.; Griew, P.; Cooper, A. Moderate to Vigorous Physical Activity and Sedentary

Time and Cardiometabolic Risk Factors in Children and Adolescents. JAMA 2012, 307, 704–712. [CrossRef]
48. Kidokoro, T.; Suzuki, K.; Naito, H.; Balasekaran, G.; Song, J.K.; Park, S.Y.; Liou, Y.M.; Lu, D.; Poh, B.K.; Kijboonchoo, K.; et al.

Moderate-to-vigorous physical activity attenuates the detrimental effects of television viewing on the cardiorespiratory fitness in
Asian adolescents: The Asia-fit study. BMC Public Health 2019, 19, 1737. [CrossRef] [PubMed]

49. Júdice, P.B.; Silva, A.M.; Berria, J.; Petroski, E.L.; Ekelund, U.; Sardinha, L.B. Sedentary patterns, physical activity and health-
related physical fitness in youth: A cross-sectional study. Int. J. Behav. Nutr. Phys. Act. 2017, 14, 25. [CrossRef] [PubMed]

50. Mäkikallio, K.; Shah, J.; Slorach, C.; Qin, H.; Kingdom, J.; Keating, S.; Kelly, E.; Manlhiot, C.; Redington, A.; Jaeggi, E. Fetal
growth restriction and cardiovascular outcome in early human infancy: A prospective longitudinal study. Hear. Vessel. 2015, 31,
1504–1513. [CrossRef]

51. Ji, F.; Ning, F.; Duan, H.; Kaprio, J.; Zhang, D.; Zhang, D.; Wang, S.; Qiao, Q.; Sun, J.; Liang, J.; et al. Genetic and Environmental
Influences on Cardiovascular Disease Risk Factors: A Study of Chinese Twin Children and Adolescents. Twin Res. Hum. Genet.
2014, 17, 72–79. [CrossRef]

52. Hjorth, M.F.; Chaput, J.P.; Damsgaard, C.T.; Dalskov, S.M.; Andersen, R.; Astrup, A.; Michaelsen, K.F.; Tetens, I.; Ritz, C.; Sjödin, A.
Low physical activity level and short sleep duration are associated with an increased cardio-metabolic risk profile: A longitudinal
study in 8–11 year old Danish children. PLoS ONE 2014, 9, e104677. [CrossRef] [PubMed]

53. Saunders, T.J.; Gray, C.; Poitras, V.J.; Chaput, J.-P.; Janssen, I.; Katzmarzyk, P.; Olds, T.; Gorber, S.C.; Kho, M.; Sampson, M.; et al.
Combinations of physical activity, sedentary behaviour and sleep: Relationships with health indicators in school-aged children
and youth. Appl. Physiol. Nutr. Metab. 2016, 41, S283–S293. [CrossRef]

54. Bull, C.J.; Northstone, K. Childhood dietary patterns and cardiovascular risk factors in adolescence: Results from the Avon
Longitudinal Study of Parents and Children (ALSPAC) cohort. Public Health Nutr. 2016, 19, 3369–3377. [CrossRef]

55. Bassali, R.; Waller, J.L.; Gower, B.; Allison, J.; Davis, C.L. Utility of waist circumference percentile for risk evaluation in obese
children. Pediatr. Obes. 2011, 5, 97–101. [CrossRef]
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