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Abstract: Metabolic syndrome (MetS) is highly prevalent in children and adolescents with obesity and
places them at an increased risk of cardiovascular-related diseases. However, the associations between
objectively measured movement-related behaviors and MetS diagnosis remain unexplored in youths
with obesity. The aim was to compare profiles of sedentary (SED) time (more sedentary, SED+ vs. less
sedentary, SED−), moderate to vigorous physical activity (MVPA) time (more active, MVPA+ vs. less
active, MVPA−) and combinations of behaviors (SED−/MVPA+, SED−/MVPA−, SED+/MVPA+,
SED+/MVPA−) regarding the MetS diagnosis. One hundred and thirty-four adolescents with
obesity (13.4 ± 2.2 years) underwent 24 h/7 day accelerometry, waist circumference (WC), blood
pressure (BP), high-density lipoprotein-cholesterol (HDL-c), triglycerides (TG) and insulin-resistance
(IR) assessments. Cumulative cardiometabolic risk was assessed by using (i) MetS status (usual
dichotomic definition) and (ii) cardiometabolic risk z-score (MetScore, mean of standardized WC, BP,
IR, TG and inverted HDL-c). SED− vs. SED+ and MVPA+ vs. MVPA− had lower MetS (p < 0.01 and
p < 0.001) and MetScore (p < 0.001). SED−/MVPA+ had the lowest risk. While SED and MVPA times
were lower in SED−/MVPA− vs. SED+/MVPA+ (p < 0.001), MetScore was lower in SED−/MVPA−
independently of body mass index (BMI) (p < 0.05). MVPA, but not SED, time was independently
associated with MetS diagnosis (p < 0.05). Both MVPA (p < 0.01) and SED times (p < 0.05) were
associated with MetScore independently of each other. A higher MVPA and lower SED time are
associated with lower cumulative cardiometabolic risk.

Keywords: pediatric obesity; metabolic syndrome; sedentary time; physical activity;
cardiometabolic risk
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1. Introduction

Approximately 107 million children and adolescents [1] have obesity. This is a major
worldwide concern, due to its association with the development of early cardiometabolic
comorbidities, such as insulin resistance (IR), dyslipidemia and high blood pressure (BP).
These conditions constitute a cluster of chronic cardiometabolic disorders termed metabolic
syndrome (MetS) [2]. The MetS prevalence rate is estimated to be up to 30% in adolescents
with obesity [3]. Evidence from longitudinal studies shows that pediatric MetS transfers into
an increased risk for later cardiovascular diseases and type 2 diabetes mellitus (T2D) [4,5].
The importance of diagnosing the MetS in youths is also driven by its associations with
non-alcoholic fatty liver disease (NAFLD), renal dysfunction [6] and premature death [7].
The management of obesity and MetS in children and adolescents is currently based on
multidisciplinary interventions combining nutritional guidelines and physical activity
(PA), particularly moderate-to-vigorous PA (MVPA) [8–10]. Daily MVPA is negatively
associated with body mass index (BMI), adiposity, waist circumference (WC), obesity-
related cardiometabolic comorbidities (i.e., IR, dyslipidemia and high BP) and the MetS
diagnosis [11–18].

However, one can be active (i.e., high MVPA) while also being involved in high
amounts of daily sedentary (SED) behaviors (i.e., waking behavior in a sitting, reclin-
ing or lying posture) [19]. Strong evidence in adults showed that PA reduced without
eliminating the cardiometabolic risk associated with high SED time [20]. In youths, re-
cent studies demonstrated that SED time was positively associated with BMI, adiposity,
WC, obesity-related cardiometabolic comorbidities and the MetS diagnosis [18,19,21–24].
Thus, behavioral pediatric recommendations, which mainly focused on MVPA so far, also
advocate now, in addition to MVPA guidelines, for the minimization of SED time [25].
To our knowledge, the associations between objectively and comprehensively measured
movement-related behaviors (i.e., both MVPA and SED times) and the METS diagno-
sis remain unexplored in youths with obesity. Interestingly, in a recent cross-sectional
study conducted on middle-aged individuals of similar BMI (with and without obesity),
Bowden-Davies et al. (2019) showed that subjects with MetS diagnosis were more sedentary
compared to subjects without MetS, and that overall PA did not account for differencing
metabolic health status. These results thus suggest that treatment strategies might widely
benefit from reducing SED time [26].

Because it remains difficult to implement MVPA in youths with obesity, decreasing
SED time could be explored as a more feasible first step to decrease MetS in clinical
practice. Our team recently conducted a cross-sectional analysis comparing 7 day/24 h
device-based measured profiles of SED time (more sedentary, SED + vs. less sedentary,
SED−), MVPA time (more active, MVPA+ vs. less active, MVPA−) and combinations of
SED and MVPA times (SED−/MVPA+, SED−/MVPA−, SED+/MVPA+, SED+/MVPA−)
in regard to continuous/single parameters (body composition, IR, lipid profile and BP
parameters), without considering the MetS diagnosis, in children and adolescents with
obesity. Since analyzing combined profiles of SED and MVPA times was relevant in regard
to continuous/single parameters, it seems important to conduct a secondary analysis based
on the same population but focusing on the associations between MVPA and SED times
profiles and the MetS diagnosis.

Therefore, the aim of the present study was to compare profiles of SED time, MVPA
time and combinations of SED time and MVPA times in regard to the cumulative car-
diometabolic risk, as assessed by (i) the MetS status (i.e., the usual clinical dichotomic
definition of the MetS, using strict thresholds) and (ii) a computed continuous z-score of
clustered cardiometabolic risk (i.e., MetScore, calculated from the same criteria than those
using to diagnose the MetS). The present study also investigated the correlations between
SED and different intensities levels of PA times and the MetS diagnosis.
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2. Materials and Methods
2.1. Subjects

The study involved 134 children and adolescents with obesity, aged 10 to 17 years-old
(referred to as “adolescents” hereafter), participating in the “Beta-cell function in Juvenile
Diabetes and Obesity” (Beta-JUDO) study. It is a large translational project that aims to de-
fine the mechanisms of and how to counteract insulin hypersecretion in children and adoles-
cents with obesity. The entire project and the primary publications’ references are available
on the CORDIS website [27]. More recently, the Beta-JUDO study consortium also investi-
gated the underlying mechanisms of disturbed glucose metabolism and non-alcoholic fatty
liver disease [28–33]. The subjects were included in 2 centers (Pediatric Obesity Clinic at Up-
psala University Children’s Hospital, Upsala, Sweden; and Paracelsus Medical University,
Salzburg, Austria). Obesity was defined as age-adapted BMI > 30 kg/m2. The study was
accepted for Voluntary Harmonisation Procedure (VHP673, VHP2015061) and approved
by Ethics Committees and Regulatory Authorities in Sweden and Austria (EudraCT No.
2015-001628-45; EC Sweden, Dnr 2015/279; EC Austria, 415-E/1544/20-2014). Written
informed consent was obtained from participants and parents. The trial was conducted
according to the Declaration of Helsinki (World Medical Association; Version 2013) and the
E6 Guideline for Good Clinical Practice (International Conference on Harmonisation).

2.2. Anthropometry

All the measurements were performed by using standard operating procedures har-
monized between centers [33]. Weight (kg) was measured with a standardized calibrated
scale (Uppsala: SECA model 704; Salzburg: SECA model 801, Hamburg, Germany). Height
(cm) was assessed by using a stadiometer (Uppsala: Ulmer stadiometer, Busse, Elchingen,
Germany; Salzburg: SECA, model 222 stadiometer, Hamburg, Germany). BMI was cal-
culated as weight in kilograms divided by the square of height in meters. The BMI-SDS
(Microsoft Excel add-in LMS Growth, using WHO growth report Version 2.76) and the BMI
in percentiles (WHO BMI for age) were calculated. Waist circumference (WC, cm) was
measured on the standing subject with a flexible tape midway between the superior border
of the iliac crest and the lowest rib.

2.3. Blood Pressure

Systolic and diastolic blood pressure were measured in a sitting position on the right
arm, after 5 min of quiet rest (mean of two measurements), with a standardized clinical
aneroid sphygmomanometer and appropriate cuffs (Uppsala: CAS 740, CAS Medical
Systems, Inc., Branford, CT, USA; Salzburg: Carescape V100, Dinamap Technology/GE,
Vienna, Austria).

2.4. Blood Sampling

Fasting-blood samples were analyzed locally at Uppsala and Salzburg hospitals. Val-
idation of analyses was performed between the two laboratories, using reference blood
samples. Total cholesterol, high-density lipoprotein cholesterol (HDL-c), low-density
lipoprotein cholesterol (LDL-c) and triglycerides (TG) were analyzed by enzymatic photo-
metric analysis. Plasma glucose was analyzed by enzymatic chromatic test. Plasma was
used for central analyses of insulin, using singleplex enzyme-linked immunosorbent assay
kits for each analyte (Mercodia AB, Uppsala, Sweden). The homeostasis model assessment
of insulin-resistance index (HOMA-IR) was calculated by using the following formula:
[HOMA-IR] = glycemia [mmol·L−1] × insulinemia [mUI·L−1]/22.5) [34].

2.5. Metabolic Syndrome Diagnosis

MetS was diagnosed according to a usual clinical dichotomic definition adapted from
Chen and collaborators [35] and previously used in similar populations [36,37], considering
the presence of three or more of the following criteria: WC ≥ 97th percentiles for age and
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sex; SBP or DBP ≥ 90th percentile; HDL-c ≤ 0.4 g·L−1, TG ≥ 1.3 g·L−1 and HOMA-IR >
75th percentile.

2.6. Continuous Cardiometabolic Syndrome Score

MetScore was computed by following the method previously used for pediatric pop-
ulations without [38] or with obesity [37]. Z-scores were calculated for the following
variables (same criteria as above): WC, mean BP, HDL-c, TG and HOMA-IR. The scores
were computed by subtracting the sample mean from the subject mean and then dividing
by the standard deviation (SD), as follows: Z = ([value − mean]/SD. The mean of this score
is therefore zero. The scores were multiplied by −1 for HDL-c. Higher values thus indicate
higher cardiometabolic risk. The total MetScore was calculated by the sum of Z-scores for
each variable divided by 5. This continuous score is relevant to take into account the degree
of development of each of the 5 components of the MetS (and not only components that
would remain under the cut points) [37].

2.7. Physical Activity and Sedentary Time

Physical activity was assessed by registration with the accelerometer Actical® (Philips
Respironics, Inc., Murrysville, PA, USA), which is an omni-directional waterproof device.
It records accelerations in the range of 0.05–2.0 g and is sensitive to movements in the range
of 0.35–3.5 Hz. The Actical® monitor has an internal time clock and extended memory
and is able to record the magnitude of acceleration and deceleration associated with every
movement. The recorded signal is scored as a “count” which is summed over a 1-min
epoch. Participants were given the accelerometer at the examination center and were asked
to wear the Actical® device on their non-dominant wrist during 7 consecutive days and
nights (24-h measurements). Non-wear time was defined as ≥60 consecutive minutes of
zero counts, with allowance for 2 min of counts between zero and 100. To be included in the
analyses, participants were required to have 5 of 7 valid days with at least one of the valid
day on a weekend. Each minute of wear time was classified by using established cut points
into SED (<1.5 metabolic equivalent of the task), light PA (LPA, <3 metabolic equivalent of
the task), moderate PA (MPA, 3 to 6 metabolic equivalent of the task) and vigorous PA (VPA,
superior to 6 metabolic equivalent of the task) [33,39]. MVPA was calculated as the sum of
MPA and VPA. SED+ (more sedentary) and SED− (less sedentary) groups were defined by
being respectively above and under the median of the sample for SB time. MVPA+ (more
active) and MVPA− (less active) groups were defined by being respectively above and
under the median of the sample for MVPA time. The 4 combinations of movement-related
behaviors (SED-/MVPA+, SED−/MVPA−, SED+/MVPA+, SED+/MVPA−) were created
by using the median of MVPA for each of the SED subsamples.

2.8. Statistics

Continuous data were expressed as mean and standard deviation. The assumption
of normality distribution was checked with the Shapiro–Wilk test and histograms graphs.
The following variables did not meet the assumption of normality: SED time, LPA time,
MPA time, VPA time, MVPA time, fasting glucose, fasting insulin, HOMA-IR, TG, LDL-c,
total-c, TG score and IR score. The comparisons between groups (SED+ and SED−, MVPA+
and MVPA− and SED−/MVPA+, SED−/MVPA−, SED+/MVPA+ and SED+/MVPA−)
were performed by using Chi-squared or Fisher’s exact tests for categorical data, whereas
the comparisons for continuous variables were conducted by using analysis of variance
(ANOVA) or non-parametric Kruskal–Wallis test, when the assumptions of ANOVA were
not met. The homoscedasticity was studied by using Bartlett’s test. Multivariable analyses
were then conducted by using multiple regression (linear for continuous dependent variable
and logistic for binary) in order to compare groups adjusting aforementioned analyses on
possible confounders. The covariates were chosen with caution according to the univariate
results and to clinical relevance. The testing and parameter estimation performed by using
a statistical model clearly depend on the variables included in the model. It is therefore
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crucial for confounding adjustment that known clinically significant variables are included
in the regression model. The multivariable regression analyses were run with the following
adjustment covariates: age, gender, Tanner stages and BMI. The normality of residuals was
checked for multiple linear models. When appropriate, a logarithmic transformation of
the dependent variable was performed. The relationships between continuous data were
explored by estimating Pearson or Spearman correlation coefficient, with a Sidak type I
error correction to take into account multiple comparisons. A heatmap graph was used to
describe these correlations. Statistical analyses were performed by using Stata software
(version 15, StataCorp, College Station, TX, USA). Differences were considered statistically
significant at p < 0.05. Venn diagrams were used to represent the proportions of subjects
meeting each criterion of MetS for each group.

3. Results

One hundred and thirty-four adolescents (mean age 13.4 ± 2.2 years, 48.5% females)
were included (n = 119 from Uppsala and n = 15 from Salzburg). The mean BMI was
98.9 ± 0.7 kg·m−2. Sixty-three percent (n = 85) had a MetS. WC criteria were met by all
individuals of the present study. Mean accelerometry wear time was 6.5 ± 1.1 days, with
99.4 ± 2.9 percent of daily wear time. Anthropometric, accelerometry, cardiometabolic
variables and MetS status for overall sample are presented in Table 1.

Table 1. Anthropometric, accelerometry, cardiometabolic variables and the metabolic syndrome
(MetS) status for overall sample (n = 134).

Anthropometry variables Mean ± SD

Age (year) 13.4 ± 2.2
Females (n, %) 65 (48.5)
Tanner stage 3.8 ± 1.3
Height (cm) 164.1 ± 13.6
Weight (kg) 93.2 ± 25.1

BMI (kg·m−2) 34.3 ± 5.2
SDS-BMI (z-score) 3.18 ± 0.48
BMI (percentile) 98.9 ± 0.7

WC (cm) 109.0 ± 13.8

Accelerometry variables Mean ± SD

Sedentary time (min·day−1) 640 ± 116
LPA (min·day−1) 484 ± 107
MPA (min·day−1) 186 ± 76
VPA (min·day−1) 6 ± 10

MVPA (min·day−1) 192 ± 81
Total PA (min·day−1) 676 ± 139

Cardiometabolic variables Mean ± SD

Systolic BP (mmHg) 119 ± 12
Diastolic BP (mmHg) 72 ± 9

HDL-cholesterol (mmol·L−1) 1.06 ± 0.23
Triglycerides (mmol·L−1) 1.22 ± 0.58

LDL-cholesterol (mmol·L−1) 2.61 ± 0.81
Total cholesterol (mmol·L−1) 3.92 ± 0.90

Fast glucose (mmol·L−1) 5.55 ± 0.59
Fast insulin (mUI·L−1) 24.12 ± 14.2

HOMA-IR 6.02 ± 3.91

MetS status and components

Components of MetS (mean ± SD) 2.73 ± 0.86
METS (≥3 criteria) (n, %) 85 (63)

BP criteria (n, %) 34 (25)
HDL criteria (n, %) 75 (56)
TG criteria (n, %) 41 (31)
IR criteria (n, %) 116 (87)

BMI, body mass index; BP, blood pressure; HDL, high-density lipoprotein; HOMA-IR, homeostasis model
assessment of insulin resistance; IR, insulin resistance; LDL, low-density lipoprotein; LPA, light physical activity;
MetS, metabolic syndrome; MPA, moderate physical activity; MVPA, moderate to vigorous physical activity; PA,
physical activity; TG, triglycerides; VPA, vigorous physical activity.
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Anthropometric, accelerometry and single/continuous cardiometabolic variables for
SED−, SED+, MVPA−, MVPA+, SED−/MVPA+, SED−/MVPA−, SED+/MVPA+ and
SED+/MVPA− groups are presented in Supplementary Materials Table S1.

3.1. Comparison SED+ vs. SED− Groups

The SED+ group had a higher SED time, but lower total PA, MVPA and LPA times
in comparison to SED− group (p < 0.001) (Table S1). The number of subjects presenting a
MetS (p < 0.01), the total MetScore (p < 0.001) and the mean number of MetS components
(p < 0.001) were higher in the SED+ group in comparison to the SED− group when adjusted
for age, gender and Tanner stages (Table 2), which remained significant after adjustment
with age, gender, Tanner stages and BMI (p < 0.05). The proportions of subjects meeting
each criterion of the MetS for the SED− and SED+ groups are presented in Figure 1A. The
numbers of subjects presenting HDL and TG criteria were higher in the MVPA− group in
comparison to the MVPA− group (p < 0.05).
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Figure 1. Venn diagram showing proportions (%) of subjects meeting each criterion of MetS for (A)
SED− (n = 67) and SED+ (n = 67) groups; (B) MVPA+ (n = 67) and MVPA− (n = 67) groups; and (C)
SED−/MVPA+ (n = 33), SED−/MVPA− (n = 34), SED+/MVPA+ (n = 33) and SED+/MVPA− (n = 34)
groups. The orange circle represents subjects with low high-density lipoprotein (HDL) cholesterol.
The green circle represents subjects with high insulin resistance (IR). The purple circle represents
subjects with high blood pressure (PB). The red circle represents subjects with hypertriglyceridemia
(TG). BP, blood pressure; IR, insulin resistance; HDL, high-density lipoprotein; TG, triglycerides.
Different between SED+ vs. SED− groups and between MVPA− vs. MVPA+ groups: * p < 0.05,
** p < 0.01. Different from SED−/MVPA+: # p < 0.05.
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Table 2. Metabolic syndrome (MetS) status, mean number of MetS components and continuous z-scores of cardiometabolic risks for SED−, SED+, MVPA+, MVPA−,
SED−/MVPA+, SED−/MVPA−, SED+/MVPA+ and SED+/MVPA− groups (mean ± SD or n, %).

SED−
n = 67

SED+
n = 67

MVPA+
n = 67

MVPA−
n = 67

SED−/MVPA+
n = 33

SED−/MVPA−
n = 34

SED+
/MVPA+

n = 33

SED+
/MVPA−

n = 34

Components of MetS 2.67 ± 1.10 3.29 ± 1.04 *** 2.62 ± 1.13 3.34 ± 0.97 *** 2.42 ± 1.14 2.91 ± 1.02 # 3.23 ± 0.89 # 3.36 ± 1.19 ###

MetS (≥3 criteria) (n, %) 33 (49) 52 (77) ** 29 (43) 56 (83) *** 11 (33) 22 (65) # 25 (75) # 27 (79) #

WC score (Z-score) −0.29 ± 1.05 0.29 ± 0.84 * −0.35 ± 1.04 0.35 ± 0.81 ** −0.68 ± 0.88 0.07 ± 1.08 # 0.24 ± 0.90 # 0.35 ± 0.79 #

BP score (Z-score) −0.26 ± 0.90 0.26 ± 1.03 * −0.25 ± 0.91 0.25 ± 1.01 −0.41 ± 0.88 −0.09 ± 0.88 0.18 ± 0.89 # 0.31 ± 0.92 ##

HDL score (Z-score) −0.40 ± 1.00 0.40 ± 0.82 ** −0.34 ± 1.02 0.34 ± 0.85 ** −0.70 ± 1.01 −0.13 ± 0.91 # 0.36 ± 0.78 ###,$ 0.45 ± 0.85 ###,$

TG score (Z-score) −0.23 ± 0.96 0.23 ± 0.99 −0.27 ± 0.89 0.27 ± 1.02 * −0.24 ± 1.01 −0.21 ± 0.91 0.20 ± 0.93 0.25 ± 1.05
IR score (Z-score) −0.37 ± 0.75 0.37 ± 1.08 *** −0.27 ± 0.95 0.27 ± 0.97 ** −0.46 ± 0.68 −0.28 ± 0.80 0.36 ± 1.20 ##,$ 0.38 ± 0.96 ###,$

Total MetScore (Z-score) −0.31 ± 0.57 0.31 ± 0.56 *** −0.30 ± 0.64 0.30 ± 0.49 *** −0.50 ± 0.54 −0.13 ± 0.55 0.27 ± 0.53 ###,$$ 0.35 ± 0.48 ###,$$

BP, blood pressure; HDL, high-density lipoprotein; IR, insulin resistance; MetS, metabolic syndrome; TG, triglycerides. Different between SED+ vs. SED− groups and between MVPA−
vs. MVPA+ groups: * p < 0.05, ** p < 0.01, *** p < 0.001. Different from SED-MVPA+: # p < 0.05; ## p < 0.01; ### p < 0.001. Different from SED−MVPA−: $ p < 0.05; $$ p < 0.01. The p-values
were adjusted with age, gender and Tanner.
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3.2. Comparison MVPA− vs. MVPA+ Groups

The MVPA− group had a lower total PA time, a lower MVPA time and a higher SED
time in comparison to MVPA+ group (p < 0.001) (Supplementary Materials Table S1). The
number of subjects presenting a MetS (p < 0.001), the total MetScore (p < 0.001) and the
mean number of MetS components (p < 0.001) were higher in MVPA− group in comparison
to MVPA+ group when adjusted for age, gender and Tanner stages (Table 2), which
remained significant after adjustment with age, gender, Tanner stages and BMI (p < 0.05).
The proportions of subjects meeting each criterion of the MetS for MVPA- and MVPA+
groups are presented in Figure 1B. The numbers of subjects presenting HDL and TG criteria
were higher in the MVPA− group in comparison to the MVPA- group (p < 0.05).

3.3. Comparison between SED−/MVPA+, SED−/MVPA−, SED+/MVPA+ and
SED+/MVPA− Groups

The SED-/MVPA+ group had a higher MVPA time in comparison to the SED−/MVPA−,
SED+/MVPA+ and SED+/MVPA− groups (p < 0.001) and a lower SED time in comparison
to SED+/MVPA+ and SED+/MVPA− (p < 0.001) (Supplementary Materials Table S1). The
number of subjects presenting a MetS and the mean number of MetS components were
lower in the SED−/MVPA+ group compared to the other groups (p < 0.05) when adjusted
for age, gender and Tanner stages. The total MetScore was lower in the SED−/MVPA+
group compared to the SED+/MVPA− group and the SED+/MVPA+ group (p < 0.001)
when adjusted for age, gender and Tanner stages (Table 2). After adjustment with age,
gender, Tanner and BMI, the differences concerning the number of subjects presenting
a MetS and the mean number of MetS components were no longer significant (p > 0.05)
but the total MetScore remained lower in the SED−/MVPA+ group compared to the
SED+/MVPA− group (p < 0.05). The proportions of subjects meeting each criterion of
MetS in the four groups are presented in Figure 1C. The number of subjects presenting
HDL and BP criteria were lower in the SED−/MVPA+ group compared to the other groups
(p < 0.05).

Interestingly, the SED−/MVPA− group had a lower SED time (p < 0.001), a lower MVPA
time (p < 0.001) and a higher LPA time (p < 0.001) in comparison with the SED+/MVPA+ group.
BMI was not significantly different between the two groups (p > 0.05) (Supplementary
Materials Table S1). Neither the number of subjects presenting a MetS nor the mean number
of MetS components were significant between the two groups (p > 0.05). However, the
MetScore was higher in the SED−/MVPA− group compared to the SED+/MVPA+ group
when adjusted for age, gender and Tanner stages (p < 0.01) (Table 2), which remained
significant after adjustment with age, gender, Tanner stages and BMI (p < 0.05).

3.4. Correlations

All correlations between accelerometry variables, MetS status, MetS criteria and con-
tinuous z-scores of cardiometabolic risks are presented in Figure 2. SED time was positively
correlated with the MetS status (p < 0.001), the total MetScore (p < 0.001) and the mean
number of MetS components (p < 0.001). After adjustment with MVPA time, the correlation
between SED time and total MetScore remained significant (p < 0.05), which was not the
case for the associations between SED time and the MetS status or the mean number of
MetS components (p > 0.05). SED time was positively correlated with WC score (p < 0.01),
BP score (p < 0.001), HDL-c score (p < 0.001), IR score (p < 0.001) and TG score (p < 0.001),
which remain significant after adjustment with SED time (p < 0.05), except for the TG score.

The MVPA time was negatively correlated with the MetS status (p < 0.001), the to-
tal MetScore (p < 0.001) and the mean number of MetS components (p < 0.001). These
correlations remained significant after adjustment with SED time (p < 0.05, p < 0.01 and
p < 0.05, respectively). MVPA was negatively correlated with WC score (p < 0.001), BP
score (p < 0.001), HDL-c score (p < 0.001), IR score (p < 0.001) and TG score (p < 0.01),
which remain significant after adjustment with SED time (p < 0.01 for BP and HDL-c scores,
p < 0.05 for C and IR scores), except for TG score.
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Figure 2. Heatmap representation of the correlations between accelerometry variables, MetS status,
MetS criteria and continuous z-scores of cardiometabolic risks (MetScore). The darker the color
(blue or red) of the box is, the higher the value (negative for red; positive for blue) of the correlation.
Left: unadjusted model. Right: adjusted for sedentary time when physical was modeled as the
main exposure and adjusted for MVPA when sedentary time was modeled as the main exposure.
* p-value < 0.05, ** p-value < 0.01 and *** p-value < 0.001. BP, blood pressure; HDL-c, high-density
lipoprotein-cholesterol; IR, insulin resistance; LPA, light physical activity; MetS, metabolic syn-
drome; MVPA, moderate-to-vigorous physical activity; SED, sedentary; TG, triglycerides; WC, waist
circumference.

The total PA time was negatively correlated with the MetS status (p < 0.001), the total
MetScore (p < 0.001) and the mean number of MetS components (p < 0.001). The correlation
between total PA time and total MetScore remained significant after adjustment with SED
time (p < 0.05), but this was not the case for the associations between total PA time and the
MetS status nor the mean number of MetS components (p > 0.05).

LPA was not significantly associated with the MetS status, the total MetScore or the
mean number of MetS components (p > 0.05).

4. Discussion

This study aimed to investigate the associations between SED and MVPA profiles
objectively assessed by 24 h/7 days accelerometry and the cumulative cardiometabolic risk,
as measured by the MetS status (i.e., diagnosis of MetS based on the usual clinical definition
using dichotomic criteria) and a computed continuous z-score of clustered cardiometabolic
risks (based on the same criteria than the dichotomic definition), in adolescents with
obesity. According to our analysis, SED− and MVPA+ groups have a lower cumulative
cardiometabolic risk than SED+ and MVPA− groups, respectively, independent of age,
gender, maturation and BMI. As expected, the SED−/MVPA+ profile had the lowest
cumulative cardiometabolic risk. However, as the SED−/MVPA− profile had a lower
continuous z-score of cardiometabolic risks in comparison with the SED+/MVPA+ profile,
independent of BMI, reducing SED time might be beneficial whatever the level of MVPA.
Furthermore, both the MetS status and the continuous z-score of cardiometabolic risks
were positively correlated with SED time and negatively correlated with MVPA time.

The population of the present study is comparable with previously studied popu-
lations of youths with similar BMI in regard to the prevalence of the MetS (63%) and
cardiometabolic risks criteria [40,41]. As previously described, IR was the MetS criterion
with the highest prevalence [37].

The present results are fully concordant with studies demonstrating that both seden-
tary and MVPA times would positively impact adiposity [23], cardiometabolic risk fac-
tors [19,21,22] and the MetS status [18] in youths. The lower cumulative cardiometabolic
risk found in the SED−/MVPA+ profile is in keeping with recent studies showing that
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youths meeting both MVPA and SED recommendations are less likely to develop obesity
and to present related cardiometabolic risks [42–44]. Moreover, the lower continuous
z-score of cardiometabolic risks found in the SED−/MVPA− group in comparison to the
SED+/MVPA+ group strengthens previous findings observed in adults with and without
obesity, showing a negative impact of SED behaviors on health outcomes, even when
concurrent levels of MVPA are considered [26,45].

The results of the presented mutually adjusted model of correlations between
movement-related behaviors and the dichotomous diagnosis of the MetS are also in line
with a recent meta-analysis showing that PA of at least moderate intensity, but not SED time,
was independently associated with the presence of the MetS defined with dichotomous
criteria in children and adolescents [18]. For Fridolfsson et al., the association between SED
time and cardiometabolic health is generally weaker in contrast to high-intensity PA in
youths [46]. However, the independence of the associations between movement-related
behaviors and obesity-related health parameters remains debatable [18,23,46–48], as some
recent longitudinal studies have reported significant positive associations between SED
behaviors, BMI and fat mass index during childhood and adolescence, even after adjust-
ment for MVPA [47,48]. In the present study, the independence of the association between
SED time and the continuous z-score of cardiometabolic risks is in line with these last
results [47,48] and highlights the importance of reducing SED time in order to improve
cardiometabolic health in adolescents with obesity, whatever the level of MVPA. Taken
together, the present findings indicate that in adolescents with obesity, reducing SED time
is needed (in addition to the increase of MVPA). As there are many barriers in clinical
practice leading to MVPA intolerance in youths with obesity (e.g., impaired cardiorespira-
tory fitness and strength related to body weight, restrictions for weight-bearing activities,
musculoskeletal pain and discomfort during and after exercising), particularly in early
cares, reducing SED time could be a first step toward increased MVPA in order to decrease
the cumulative cardiometabolic risk (when increasing MVPA in the same time is not pos-
sible). The present results thus strengthen recent obesity treatment strategies consisting
in breaking up extended periods of SED time, replacing it with MVPA (the preferred and
more efficient scenario) or with LPA (beneficial but with lower effect estimates). These
strategies would give the chance to be more flexible by acting on different combinations of
time spent in MVPA, LPA and sedentary behaviors [49–52]. In clinical practice, this means
that youths with obesity should benefit from an individual behavioral diagnostic, targeting
different intensities of PA and SED behaviors, and that stakeholders need to be sensitized
to support the shift from long periods of SED time to daily routines incorporating bouts of
PA. Recreational screen time, which would have strong associations with adverse health
outcomes [22], could be specifically targeted.

Our findings have to be considered in light of some limitations. First, the relative
small sample size may partially explain lack of significances (e.g., between MVPA− vs.
MVPA+ group for BP z-score and between SED+ vs. SED− group for TG z-score). Second,
due to its cross-sectional design, the observed associations cannot be interpreted to reflect
causal relationships. Moreover, the dichotomic nature of the MetS could explain some lacks
of significance, as it does not take into account components that are close to cut points
but remain below them [37,38]. Of note, the continuous z-score of cardiometabolic risks
(computed in the present study using the same criteria as used to define the METS diagnosis)
indeed reflects more precisely the degree of development of each cardiometabolic risk [37]
and is known to be statistically more sensitive and less error prone by comparison to
dichotomous approaches with strict thresholds [53]. Finally, while the present population is
comparable to previously studied populations of adolescents concerning SED time, MVPA
time may be overestimated (at the expense of LPA) [54]. It has been shown that Actical
is comparable to the gold standard Actigraph GT3X [55], but the time spent in MVPA
largely differs across attachment sites (wrist vs. hip) and cut-points in adolescents with
obesity [56,57]. The wrist location has been chosen to increase wear compliance [57,58],
which is a strength of the present study, denoting measurements with more than 99% of
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wear time during a mean of 6.5 days. Nevertheless, wrist worn accelerometers can provide
higher values of MVPA than hip-worn accelerometers [56–58]. However, it is worth noting
the major geographical differences in PA patterns, with Swedish children (representing
more than two third of the present sample) having a meaningful higher MVPA than other
European countries [46].

5. Conclusions

In adolescents with obesity, a low sedentary/high MVPA profile is most desirable in
regard to the risk for MetS. The lower continuous score of cardiometabolic risks found in
the SED−/MVPA− profile in comparison with the SED+/MVPA+ profile suggests that
reducing SED behaviors might be beneficial, irrespectively of MVPA level. While MVPA,
but not SED time, seems to be independently associated with the MetS diagnosis (based
on dichotomous criteria and strict thresholds), both MVPA and SED times are associated
with the continuous z-score of cardiometabolic risks, independent of each other. In clinical
practice, this means that reducing SED time might be considered as a first step in order to
decrease the cumulative cardiometabolic risk in youths with obesity when implementing
MVPA is not possible. Stepwise interventional studies, including a first phase of effective
reduction of sedentary time preceding a classic MVPA training, would be needed.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/nu14010060/s1. Table S1: Anthropometric, accelerometry and continuous/single car-
diometabolic variables for SED−, SED+, MVPA+, MVPA−, SED−/MVPA+, SED−/PA−,
SED+/MVPA+ and SED+/MVPA− (Mean ± SD). p-Values are adjusted with age, gender and
Tanner.

Author Contributions: Conceptualization, V.J., P.B., A.F., D.W. and D.T.; methodology, V.J., P.B.,
A.F., B.P., M.D. (Martine Duclos), D.W. and D.T.; software, B.P.; validation, V.J., P.B., A.F., I.C., M.D.
(Martine Duclos), D.F., J.G., K.M. (Katharina Maruszczak), K.M. (Katharina Morwald), R.O., T.P., A.S.,
B.P., M.D. (Marie Dahlbom), D.W. and D.T.; formal analysis, B.P.; investigation, V.J., P.B., A.F., I.C.,
M.D. (Martine Duclos), D.F., J.G., K.M. (Katharina Maruszczak), K.M. (Katharina Morwald), R.O.,
T.P., A.S., M.D. (Marie Dahlbom), D.W. and D.T.; resources, P.B., A.F. and D.W.; data curation, B.P.;
writing—original draft preparation, V.J., D.T. and D.W.; writing—review and editing, V.J., I.C., P.B,
A.F., M.D. (Martine Duclos), B.P., D.T., and D.W.; visualization, V.J., B.P., A.F. and M.D. (Martine
Duclos), D.W. and D.T.; supervision, A.F., P.B., D.W. and D.T.; project administration, P.B., A.F. and
D.W.; funding acquisition, P.B., A.F. and D.W. All authors have read and agreed to the published
version of the manuscript.

Funding: This research was funded by European Union Seventh Framework Programme (FP7/2007-
2013) under grant agreement number 279153 (Beta-JUDO). In addition, support for the study was
received from the Regional Research Council in Uppsala-Örebro, Sweden, the Swedish Diabetes
Foundation, the Swedish Society for Diabetology and the Swedish Research Council (2016-01040).

Institutional Review Board Statement: The study was accepted for Voluntary Harmonisation Pro-
cedure (VHP673, VHP2015061) and approved by Ethics Committees and Regulatory Authorities
in Sweden and Austria (EudraCT No. 2015-001628-45; EC Sweden, Dnr 2015/279; EC Austria,
415-E/1544/20-2014).

Informed Consent Statement: Written informed consent was obtained from participants and parents.
The trial was conducted according to the Declaration of Helsinki (World Medical Association; Version
2013) and the E6 Guideline for Good Clinical Practice (International Conference on Harmonisation).

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

References
1. GBD 2015 Obesity Collaborators; Afshin, A.; Forouzanfar, M.H.; Reitsma, M.B.; Sur, P.; Estep, K.; Lee, A.; Marczak, L.; Mokdad,

A.H.; Moradi-Lakeh, M.; et al. Health Effects of Overweight and Obesity in 195 Countries over 25 Years. N. Engl. J. Med. 2017,
377, 13–27. [CrossRef]

https://www.mdpi.com/article/10.3390/nu14010060/s1
https://www.mdpi.com/article/10.3390/nu14010060/s1
http://doi.org/10.1056/NEJMoa1614362


Nutrients 2022, 14, 60 12 of 14

2. Weihe, P.; Weihrauch-Blüher, S. Metabolic Syndrome in Children and Adolescents: Diagnostic Criteria, Therapeutic Options and
Perspectives. Curr. Obes. Rep. 2019, 8, 472–479. [CrossRef] [PubMed]

3. Laurson, K.R.; Welk, G.J.; Eisenmann, J.C. Diagnostic Performance of BMI Percentiles to Identify Adolescents with Metabolic
Syndrome. Pediatrics 2014, 133, e330–e338. [CrossRef] [PubMed]

4. Magnussen, C.G.; Cheriyan, S.; Sabin, M.A.; Juonala, M.; Koskinen, J.; Thomson, R.; Skilton, M.R.; Kähönen, M.; Laitinen, T.;
Taittonen, L.; et al. Continuous and Dichotomous Metabolic Syndrome Definitions in Youth Predict Adult Type 2 Diabetes and
Carotid Artery Intima Media Thickness: The Cardiovascular Risk in Young Finns Study. J. Pediatr. 2016, 171, 97–103.e3. [CrossRef]

5. Morrison, J.A.; Friedman, L.A.; Gray-McGuire, C. Metabolic Syndrome in Childhood Predicts Adult Cardiovascular Disease 25
Years Later: The Princeton Lipid Research Clinics Follow-up Study. Pediatrics 2007, 120, 340–345. [CrossRef] [PubMed]

6. DeBoer, M.D. Assessing and Managing the Metabolic Syndrome in Children and Adolescents. Nutrients 2019, 11, 1788. [CrossRef]
7. Franks, P.W.; Hanson, R.L.; Knowler, W.C.; Sievers, M.L.; Bennett, P.H.; Looker, H.C. Childhood Obesity, Other Cardiovascular

Risk Factors, and Premature Death. N. Engl. J. Med. 2010, 362, 485–493. [CrossRef] [PubMed]
8. De Melo Boff, R.; Liboni RP, A.; de Azevedo Batista, I.P.; de Souza, L.H.; da Silva Oliveira, M. Weight Loss Interventions for

Overweight and Obese Adolescents: A Systematic Review. Eat. Weight Disord. 2017, 22, 211–229. [CrossRef]
9. Albert Pérez, E.; Mateu Olivares, V.; Martínez-Espinosa, R.M.; Molina Vila, M.D.; Reig García-Galbis, M. New Insights about How

to Make an Intervention in Children and Adolescents with Metabolic Syndrome: Diet, Exercise vs. Changes in Body Composition.
A Systematic Review of RCT. Nutrients 2018, 10, 878. [CrossRef]

10. Cardel, M.I.; Atkinson, M.A.; Taveras, E.M.; Holm, J.-C.; Kelly, A.S. Obesity Treatment Among Adolescents: A Review of Current
Evidence and Future Directions. JAMA Pediatr. 2020, 174, 609–617. [CrossRef]

11. Kumar, B.; Robinson, R.; Till, S. Physical Activity and Health in Adolescence. Clin. Med. 2015, 15, 267–272. [CrossRef]
12. Poitras, V.J.; Gray, C.E.; Borghese, M.M.; Carson, V.; Chaput, J.-P.; Janssen, I.; Katzmarzyk, P.T.; Pate, R.R.; Connor Gorber, S.; Kho,

M.E.; et al. Systematic Review of the Relationships between Objectively Measured Physical Activity and Health Indicators in
School-Aged Children and Youth. Appl. Physiol. Nutr. Metab. 2016, 41, S197–S239. [CrossRef] [PubMed]

13. Ortega, F.B.; Ruiz, J.R.; Castillo, M.J.; Sjöström, M. Physical Fitness in Childhood and Adolescence: A Powerful Marker of Health.
Int. J. Obes. 2008, 32, 1–11. [CrossRef] [PubMed]

14. Janssen, I.; Leblanc, A.G. Systematic Review of the Health Benefits of Physical Activity and Fitness in School-Aged Children and
Youth. Int. J. Behav. Nutr. Phys. Act. 2010, 7, 40. [CrossRef] [PubMed]

15. Marson, E.C.; Delevatti, R.S.; Prado, A.K.G.; Netto, N.; Kruel, L.F.M. Effects of Aerobic, Resistance, and Combined Exercise
Training on Insulin Resistance Markers in Overweight or Obese Children and Adolescents: A Systematic Review and Meta-
Analysis. Prev. Med. 2016, 93, 211–218. [CrossRef]

16. Stoner, L.; Rowlands, D.; Morrison, A.; Credeur, D.; Hamlin, M.; Gaffney, K.; Lambrick, D.; Matheson, A. Efficacy of Exercise
Intervention for Weight Loss in Overweight and Obese Adolescents: Meta-Analysis and Implications. Sports Med. 2016, 46,
1737–1751. [CrossRef]

17. Cesa, C.C.; Sbruzzi, G.; Ribeiro, R.A.; Barbiero, S.M.; de Oliveira Petkowicz, R.; Eibel, B.; Machado, N.B.; das Virgens Marques, R.;
Tortato, G.; dos Santos, T.J.; et al. Physical Activity and Cardiovascular Risk Factors in Children: Meta-Analysis of Randomized
Clinical Trials. Prev. Med. 2014, 69, 54–62. [CrossRef]

18. Renninger, M.; Hansen, B.H.; Steene-Johannessen, J.; Kriemler, S.; Froberg, K.; Northstone, K.; Sardinha, L.; Anderssen, S.A.;
Andersen, L.B.; Ekelund, U.; et al. Associations between Accelerometry Measured Physical Activity and Sedentary Time and the
Metabolic Syndrome: A Meta-Analysis of More than 6000 Children and Adolescents. Pediatr. Obes. 2020, 15, e12578. [CrossRef]

19. Tremblay, M.S.; LeBlanc, A.G.; Kho, M.E.; Saunders, T.J.; Larouche, R.; Colley, R.C.; Goldfield, G.; Connor Gorber, S. Systematic
Review of Sedentary Behaviour and Health Indicators in School-Aged Children and Youth. Int. J. Behav. Nutr. Phys. Act. 2011, 8,
98. [CrossRef]

20. Ekelund, U.; Tarp, J.; Steene-Johannessen, J.; Hansen, B.H.; Jefferis, B.; Fagerland, M.W.; Whincup, P.; Diaz, K.M.; Hooker, S.P.;
Chernofsky, A.; et al. Dose-Response Associations between Accelerometry Measured Physical Activity and Sedentary Time and
All Cause Mortality: Systematic Review and Harmonised Meta-Analysis. BMJ 2019, 366, l4570. [CrossRef]

21. Carson, V.; Tremblay, M.S.; Chaput, J.-P.; Chastin, S.F.M. Associations between Sleep Duration, Sedentary Time, Physical Activity,
and Health Indicators among Canadian Children and Youth Using Compositional Analyses. Appl. Physiol. Nutr. Metab. 2016, 41,
S294–S302. [CrossRef] [PubMed]

22. Carson, V.; Hunter, S.; Kuzik, N.; Gray, C.E.; Poitras, V.J.; Chaput, J.-P.; Saunders, T.J.; Katzmarzyk, P.T.; Okely, A.D.; Connor
Gorber, S.; 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] [PubMed]

23. Katzmarzyk, P.T.; Barreira, T.V.; Broyles, S.T.; Champagne, C.M.; Chaput, J.-P.; Fogelholm, M.; Hu, G.; Johnson, W.D.; Kuriyan, R.;
Kurpad, A.; et al. Physical Activity, Sedentary Time, and Obesity in an International Sample of Children. Med. Sci. Sports Exerc.
2015, 47, 2062–2069. [CrossRef] [PubMed]

24. de Rezende, L.F.M.; Rodrigues Lopes, M.; Rey-López, J.P.; Matsudo, V.K.R.; Luiz, O.D.C. Sedentary Behavior and Health
Outcomes: An Overview of Systematic Reviews. PLoS ONE 2014, 9, e105620. [CrossRef] [PubMed]

25. Chaput, J.-P.; Willumsen, J.; Bull, F.; Chou, R.; Ekelund, U.; Firth, J.; Jago, R.; Ortega, F.B.; Katzmarzyk, P.T. 2020 WHO Guidelines
on Physical Activity and Sedentary Behaviour for Children and Adolescents Aged 5–17 Years: Summary of the Evidence. Int. J.
Behav. Nutr. Phys. Act. 2020, 17, 141. [CrossRef] [PubMed]

http://doi.org/10.1007/s13679-019-00357-x
http://www.ncbi.nlm.nih.gov/pubmed/31691175
http://doi.org/10.1542/peds.2013-1308
http://www.ncbi.nlm.nih.gov/pubmed/24470650
http://doi.org/10.1016/j.jpeds.2015.10.093
http://doi.org/10.1542/peds.2006-1699
http://www.ncbi.nlm.nih.gov/pubmed/17671060
http://doi.org/10.3390/nu11081788
http://doi.org/10.1056/NEJMoa0904130
http://www.ncbi.nlm.nih.gov/pubmed/20147714
http://doi.org/10.1007/s40519-016-0309-1
http://doi.org/10.3390/nu10070878
http://doi.org/10.1001/jamapediatrics.2020.0085
http://doi.org/10.7861/clinmedicine.15-3-267
http://doi.org/10.1139/apnm-2015-0663
http://www.ncbi.nlm.nih.gov/pubmed/27306431
http://doi.org/10.1038/sj.ijo.0803774
http://www.ncbi.nlm.nih.gov/pubmed/18043605
http://doi.org/10.1186/1479-5868-7-40
http://www.ncbi.nlm.nih.gov/pubmed/20459784
http://doi.org/10.1016/j.ypmed.2016.10.020
http://doi.org/10.1007/s40279-016-0537-6
http://doi.org/10.1016/j.ypmed.2014.08.014
http://doi.org/10.1111/ijpo.12578
http://doi.org/10.1186/1479-5868-8-98
http://doi.org/10.1136/bmj.l4570
http://doi.org/10.1139/apnm-2016-0026
http://www.ncbi.nlm.nih.gov/pubmed/27306435
http://doi.org/10.1139/apnm-2015-0630
http://www.ncbi.nlm.nih.gov/pubmed/27306432
http://doi.org/10.1249/MSS.0000000000000649
http://www.ncbi.nlm.nih.gov/pubmed/25751770
http://doi.org/10.1371/journal.pone.0105620
http://www.ncbi.nlm.nih.gov/pubmed/25144686
http://doi.org/10.1186/s12966-020-01037-z
http://www.ncbi.nlm.nih.gov/pubmed/33239009


Nutrients 2022, 14, 60 13 of 14

26. Bowden Davies, K.A.; Sprung, V.S.; Norman, J.A.; Thompson, A.; Mitchell, K.L.; Harrold, J.O.A.; Finlayson, G.; Gibbons, C.;
Wilding, J.P.H.; Kemp, G.J.; et al. Physical Activity and Sedentary Time: Association with Metabolic Health and Liver Fat. Med.
Sci. Sports Exerc. 2019, 51, 1169–1177. [CrossRef] [PubMed]

27. Final Report Summary-BETA-JUDO (Beta-Cell Function in Juvenile Diabetes and Obesity)|FP7|CORDIS|European Commission.
Available online: https://cordis.europa.eu/project/id/279153/reporting/de (accessed on 15 December 2021).

28. Mörwald, K.; Aigner, E.; Bergsten, P.; Brunner, S.M.; Forslund, A.; Kullberg, J.; Ahlström, H.; Manell, H.; Roomp, K.; Schütz, S.;
et al. Serum Ferritin Correlates With Liver Fat in Male Adolescents With Obesity. Front. Endocrinol. 2020, 11, 340. [CrossRef]

29. Furthner, D.; Weghuber, D.; Dalus, C.; Lukas, A.; Stundner-Ladenhauf, H.N.; Mangge, H.; Pixner, T. Nonalcoholic Fatty Liver
Disease in Children with Obesity: Narrative Review and Research Gaps. Horm. Res. Paediatr. 2021, 94, 239–248. [CrossRef]

30. Koutny, F.; Stein, R.; Kiess, W.; Weghuber, D.; Körner, A. Elevated Transaminases Potentiate the Risk for Emerging Dysglycemia
in Children with Overweight and Obesity. Pediatr. Obes. 2021, 16, e12822. [CrossRef] [PubMed]

31. Koutny, F.; Weghuber, D.; Bollow, E.; Greber-Platzer, S.; Hartmann, K.; Körner, A.; Reinehr, T.; Roebl, M.; Simic-Schleicher, G.;
Wabitsch, M.; et al. Prevalence of Prediabetes and Type 2 Diabetes in Children with Obesity and Increased Transaminases in
European German-Speaking Countries. Analysis of the APV Initiative. Pediatr. Obes. 2020, 15, e12601. [CrossRef]

32. Feldman, A.; Aigner, E.; Weghuber, D.; Paulmichl, K. The Potential Role of Iron and Copper in Pediatric Obesity and Nonalcoholic
Fatty Liver Disease. Biomed Res. Int. 2015, 2015, 287401. [CrossRef]

33. Forslund, A.; Staaf, J.; Kullberg, J.; Ciba, I.; Dahlbom, M.; Bergsten, P. Uppsala Longitudinal Study of Childhood Obesity: Protocol
Description. Pediatrics 2014, 133, e386–e393. [CrossRef] [PubMed]

34. Henderson, M.; Rabasa-Lhoret, R.; Bastard, J.-P.; Chiasson, J.-L.; Baillargeon, J.-P.; Hanley, J.A.; Lambert, M. Measuring Insulin
Sensitivity in Youth: How Do the Different Indices Compare with the Gold-Standard Method? Diabetes Metab. 2011, 37, 72–78.
[CrossRef] [PubMed]

35. Chen, A.K.; Roberts, C.K.; Barnard, R.J. Effect of a Short-Term Diet and Exercise Intervention on Metabolic Syndrome in
Overweight Children. Metabolism 2006, 55, 871–878. [CrossRef] [PubMed]

36. Julian, V.; Isacco, L.; Khammassi, M.; Fillon, A.; Miguet, M.; Dutheil, F.; Courteix, D.; Zak, M.; Bicki, J.; Głuszek, S.; et al. Appetite
Control Might Not Be Improved after Weight Loss in Adolescents with Obesity, Despite Non-Persistent Metabolic Syndrome.
Nutrients 2020, 12, 3885. [CrossRef] [PubMed]

37. Thivel, D.; Malina, R.M.; Isacco, L.; Aucouturier, J.; Meyer, M.; Duché, P. Metabolic Syndrome in Obese Children and Adolescents:
Dichotomous or Continuous? Metab. Syndr. Relat. Disord. 2009, 7, 549–555. [CrossRef]

38. Brage, S.; Wedderkopp, N.; Ekelund, U.; Franks, P.W.; Wareham, N.J.; Andersen, L.B.; Froberg, K. European Youth Heart Study
(EYHS) Features of the Metabolic Syndrome Are Associated with Objectively Measured Physical Activity and Fitness in Danish
Children: The European Youth Heart Study (EYHS). Diabetes Care 2004, 27, 2141–2148. [CrossRef]

39. Puyau, M.R.; Adolph, A.L.; Vohra, F.A.; Zakeri, I.; Butte, N.F. Prediction of Activity Energy Expenditure Using Accelerometers in
Children. Med. Sci. Sports Exerc. 2004, 36, 1625–1631.

40. Bendor, C.D.; Bardugo, A.; Pinhas-Hamiel, O.; Afek, A.; Twig, G. Cardiovascular Morbidity, Diabetes and Cancer Risk among
Children and Adolescents with Severe Obesity. Cardiovasc. Diabetol. 2020, 19, 79. [CrossRef]

41. Weiss, R.; Dziura, J.; Burgert, T.S.; Tamborlane, W.V.; Taksali, S.E.; Yeckel, C.W.; Allen, K.; Lopes, M.; Savoye, M.; Morrison, J.; et al.
Obesity and the Metabolic Syndrome in Children and Adolescents. N. Engl. J. Med. 2004, 350, 2362–2374. [CrossRef]

42. Roman-Viñas, B.; Chaput, J.-P.; Katzmarzyk, P.T.; Fogelholm, M.; Lambert, E.V.; Maher, C.; Maia, J.; Olds, T.; Onywera, V.;
Sarmiento, O.L.; et al. Proportion of Children Meeting Recommendations for 24-Hour Movement Guidelines and Associations
with Adiposity in a 12-Country Study. Int. J. Behav. Nutr. Phys. Act. 2016, 13, 123. [CrossRef] [PubMed]

43. Crowe, M.; Sampasa-Kanyinga, H.; Saunders, T.J.; Hamilton, H.A.; Benchimol, E.I.; Chaput, J.-P. Combinations of Physical
Activity and Screen Time Recommendations and Their Association with Overweight/Obesity in Adolescents. Can. J. Public
Health 2020, 111, 515–522. [CrossRef]

44. Saunders, T.J.; Gray, C.E.; Poitras, V.J.; Chaput, J.-P.; Janssen, I.; Katzmarzyk, P.T.; Olds, T.; Connor Gorber, S.; Kho, M.E.; 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] [PubMed]

45. Biswas, A.; Oh, P.I.; Faulkner, G.E.; Bajaj, R.R.; Silver, M.A.; Mitchell, M.S.; Alter, D.A. Sedentary Time and Its Association With
Risk for Disease Incidence, Mortality, and Hospitalization in Adults. Ann. Intern. Med. 2015, 162, 123–132. [CrossRef] [PubMed]

46. Fridolfsson, J.; Buck, C.; Hunsberger, M.; Baran, J.; Lauria, F.; Molnar, D.; Moreno, L.A.; Börjesson, M.; Lissner, L.; Arvidsson, D.;
et al. High-Intensity Activity Is More Strongly Associated with Metabolic Health in Children Compared to Sedentary Time: A
Cross-Sectional Study of the I.Family Cohort. Int. J. Behav. Nutr. Phys. Act. 2021, 18, 90. [CrossRef] [PubMed]

47. Mann, K.D.; Howe, L.D.; Basterfield, L.; Parkinson, K.N.; Pearce, M.S.; Reilly, J.K.; Adamson, A.J.; Reilly, J.J.; Janssen, X.
Longitudinal Study of the Associations between Change in Sedentary Behavior and Change in Adiposity during Childhood and
Adolescence: Gateshead Millennium Study. Int. J. Obes. 2017, 41, 1042–1047. [CrossRef] [PubMed]

48. Schwarzfischer, P.; Gruszfeld, D.; Socha, P.; Luque, V.; Closa-Monasterolo, R.; Rousseaux, D.; Moretti, M.; Mariani, B.; Verduci, E.;
Koletzko, B.; et al. Longitudinal Analysis of Physical Activity, Sedentary Behaviour and Anthropometric Measures from Ages 6
to 11 Years. Int. J. Behav. Nutr. Phys. Act. 2018, 15, 126. [CrossRef]

http://doi.org/10.1249/MSS.0000000000001901
http://www.ncbi.nlm.nih.gov/pubmed/30694971
https://cordis.europa.eu/project/id/279153/reporting/de
http://doi.org/10.3389/fendo.2020.00340
http://doi.org/10.1159/000518595
http://doi.org/10.1111/ijpo.12822
http://www.ncbi.nlm.nih.gov/pubmed/34155821
http://doi.org/10.1111/ijpo.12601
http://doi.org/10.1155/2015/287401
http://doi.org/10.1542/peds.2013-2143
http://www.ncbi.nlm.nih.gov/pubmed/24420811
http://doi.org/10.1016/j.diabet.2010.06.008
http://www.ncbi.nlm.nih.gov/pubmed/21126900
http://doi.org/10.1016/j.metabol.2006.03.001
http://www.ncbi.nlm.nih.gov/pubmed/16784957
http://doi.org/10.3390/nu12123885
http://www.ncbi.nlm.nih.gov/pubmed/33353174
http://doi.org/10.1089/met.2008.0085
http://doi.org/10.2337/diacare.27.9.2141
http://doi.org/10.1186/s12933-020-01052-1
http://doi.org/10.1056/NEJMoa031049
http://doi.org/10.1186/s12966-016-0449-8
http://www.ncbi.nlm.nih.gov/pubmed/27887654
http://doi.org/10.17269/s41997-020-00313-6
http://doi.org/10.1139/apnm-2015-0626
http://www.ncbi.nlm.nih.gov/pubmed/27306434
http://doi.org/10.7326/M14-1651
http://www.ncbi.nlm.nih.gov/pubmed/25599350
http://doi.org/10.1186/s12966-021-01156-1
http://www.ncbi.nlm.nih.gov/pubmed/34229708
http://doi.org/10.1038/ijo.2017.69
http://www.ncbi.nlm.nih.gov/pubmed/28293017
http://doi.org/10.1186/s12966-018-0756-3


Nutrients 2022, 14, 60 14 of 14

49. Gába, A.; Dygrýn, J.; Štefelová, N.; Rubín, L.; Hron, K.; Jakubec, L. Replacing School and Out-of-School Sedentary Behaviors with
Physical Activity and Its Associations with Adiposity in Children and Adolescents: A Compositional Isotemporal Substitution
Analysis. Environ. Health Prev. Med. 2021, 26, 16. [CrossRef] [PubMed]
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