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ABSTRACT

Background: Relationships between the severity of obesity and bone health remain

underexplored.

Objectives: To compare whole-body and localized bone mineral content (BMC) and density
(BMD), trabecular bone score (TBS) and hip geometry and strength between adolescents

with obesity vs extreme obesity.

Methods: This cross-sectional study included 154 adolescents (12-15y, 62%females) who
were classified as having obesity (OG, [95"-99™] percentile) or extreme obesity (EOG, >99™
percentile). Fat mass (FM), lean mass (LM), BMC, BMD for total-body-less-head (TBLH),
lumbar spine (LS), hip, TBS and geometric and strength indices at the narrow-neck (NN),
femoral shaft (FS) and intertrochanteric regions (IT) were assessed by Dual-X-ray

Absorptiometry (DXA).

Results: There was no significant sex-interaction. For both sexes, TBLH BMC and BMD were

not different between groups. TBS was lower in EOG compared with OG in both sexes in



univariate analysis and after adjustment with maturation and body weight (p <0.05). Hip BMD
was significantly higher in the EOG compared to OG only after adjustment with maturation and
fat mass percentage (p<0.05 for men, p<0.01 for women). For both sexes, TBLH, LS and hip
BMC and BMD positively correlated with weight, BMI, LM and FM. TBS negatively
correlated with BMI-percentile in both sexes, with a negative correlation with FM for males
only. Hip BMC and BMD, BMD, ACT and CSA at the 3 hip sites positively correlated with

BMaI-percentile in males.

Conclusions: Extreme obesity impacts bone health depending on anatomical sites, altering

lumbar trabecular bone in both males and females adolescents.



1 INTRODUCTION

Obesity is defined as an excessive accumulation of body fat resulting from an imbalance
between energy intake and energy expenditure and is influenced by a multitude of biological,
cultural, political, environmental and economic drivers *. Pediatric obesity is today a major
worldwide concern due to its association with the development of early metabolic, physical
and certain psychosocial comorbidities >* but also since approximately 80% of adolescents
with obesity will continue to have obesity into adulthood *. Bone health has been lately
considered in the context of obesity, and the obesity-related excess body weight initially
mainly considered as having protective mechanical effects. It later became however apparent
that fat accumulation would compromise bone mass and quality >, altering bone parameters
®8 and potentially inducing a high risk of fracture, also in children and adolescents who are

going through a crucial period for bone mineral acquisition °*2

. Fat mass (FM) can
negatively influence bone tissue by non-mechanical mechanisms, including via hormonal and
cytokine signaling °. Importantly, patients with obesity could be even more prone to bone
fragility in response to weight loss interventions that favor bone breakdowns * due to a
decreased mechanical loading on the skeleton, decreased caloric intake ® and altered secretion
of some key hormones and peptides involved in bone regulation "*. Specifically, adolescents
with obesity are less likely to participate in moderate to vigorous physical activity than their
lean counterparts *°. Furthermore, they are susceptible to present certain nutritional deficits
known to alter bone density *°.

One study found an association between higher levels of adiposity and lower whole-body
bone mineral density (BMD) in both female mice ranging from lean to overweight, and post-
menopausal women ranging from overweight to extreme obesity, suggesting that obesity may

increase the risk of osteoporosis. Similarly, whole-body BMD correlated negatively with the

percentage of fat mass (FM) and positively with lean mass (LM) in women with morbid



obesity (mean aged 46 years old) *”. This potential impact of the severity of obesity on bone
parameters remains however controversial. Indeed, in a recent cross-sectional study, the
severity of obesity (assessed by BMI international classification) did not seem impact whole-
body BMD values in women during the premenopausal period and who were classified as
with severely obesity (Class 11, BMI between 35 and 39.9 kg/m?), morbid obesity (class 111,

BMI between 40 and 50 kg/m?) and super morbid obesity (class 111, with BMI1>50kg/m?) *.

While the relationship between the severity of obesity (or rather the influence of body
size) and bone health remains to be fully clarified in adults, it is underexplored in the
pediatric population. As previously shown, children with obesity have a lower whole-body
BMD compared with children of healthy weight *°. Likewise, a recent study carried out
among 12-16 years old adolescents with obesity also reported lower multi-site BMD and hip
geometric and strength values when adjusted for body weight, body fat mass or lean mass in
comparison with maturation-matched adolescents who were lean, using dual X ray
absorptiometry (DXA) with hip structural analysis (HSA) *2. To our knowledge, Mosca et al.
conducted the only study that explored the relationship between bone parameters and the
severity of obesity (assessed by BMI international classification) among adolescents,
showing lower whole-body BMD in female adolescents with normal weight in comparison
with female adolescents with overweight (BMI between 85™ and 95" percentiles), obesity
(BMI>between 95" and 99™ percentile) and extreme obesity (BMI>99™ percentile), which
was not the case for males. Nevertheless, the population studied was rather heterogeneous
considering age and maturation (with children aged between 10 to 19 years old) and the
difference for whole-body BMD was not significant between the group with obesity and the
group with extreme obesity %. Furthermore, while the impact of body composition on bone
parameters and fracture risk would depend on the skeletal site °, it seems relevant to evaluate

the impact of the severity of obesity on extensive bone parameters including not only whole-



body, lumbar spine, but also total hip geometric indices of hip bone strength, and an indicator
of microarchitecture as determined by the trabecular bone score (TBS),which has never been

explored so far in adolescents with obesity.

In that context, the main aim of the present study was to compare whole-body and
localized bone content and density as well as TBS and hip bone geometry and strength
between adolescents with obesity or extreme obesity. The second aim was to investigate the

most important determinants of bone parameters in this population.

2 PARTICIPANTS AND METHODS

2.1  Subjects

This study included 154 Caucasian adolescents with obesity (95 females, 59 males), who
participated in a multidisciplinary weight loss program in two pediatric obesity centers
(Children Medical Centre for Adolescents with Obesity, La Bourboule, France, and Pediatric
Medical Center, Romagnat, France) between 2015 and 2018. Patients met the following
criteria: (1) 12-16 years old, (2) BMI > 95" percentile according to the international cut-off
points, (3) Tanner stage 3-5, (4) regular menstruations for females, (5) no medication, no oral
contraceptives, no hormone replacement therapy, no supplemental calcium and/or iron during
the last 12 months, no regular tobacco or alcohol; (6) no major orthopedic problems, (7)
steady weight with no diet program during the last 6 months, (8) no regular physical activity
(<10MET-h/week, measured with the International Physical Activity Questionnaire). All the
adolescents underwent a full medical examination (including Tanner’s staging). Written
informed consent was obtained from all individual participants included in the study and their
parents. The trial has been conducted according to the Declaration of Helsinki principles and
was approved by the relevant ethical committee (Comité de Protection des Personnes Est V).

This study combines data collected as part of distinct protocols conducted within the same



clinical center and using the exact same methodology. These studies received ethical
agreement (2015-A01024-45; 2017-A00817-46; AU1178) and were registered as clinical
trials (clinicaltrial.gov; NCT02626273, NCT03466359, NCT02482220). No study effect was
observed, allowing us to compute the data and perform the present single analysis.
2.2  Anthropometric measurements
Body mass (kg) and height (cm) were measured using a standard apparatus, to the nearest 0.1
kg and 0.5 cm, respectively. BMI was calculated as body weight divided by height squared
(kilogram per square meter). Adolescents were classified as having obesity (OG, [95™ — 99 ]
percentile) or extreme obesity (EOG, > 99" percentile), according to BMI curves,
chronological age and sex (Center of disease control and prevention [CDC] .
2.3  Body composition and bone measurements
All subjects underwent DXA (Discovery A; Hologic Inc., Bedford, MA, USA) by a trained
blinded technician for the assessment of body composition, bone densitometry assessment,
TBS and hip structural analysis (HSA) (QDR-4500A DXA; Hologic, Bedford, MA, USA).
Body composition data were analyzed using the Hologic QDR Software for Windows version
12.6 to assess total LM and FM for whole-body *2.

Accordingly with the International Society for Clinical Densitometry (ISCD
recommendations for adolescents %, BMD (g/cm?) and BMC (g) were determined at the total

body less head (TBLH), lumbar spine (LS, L2-L4) and non-dominant hip. BMD

23

measurements were converted to Z-scores “°. The TBS, which is related to bone

microarchitecture and fracture risk, was calculated using TBS iNsight software (Medimaps
SA, France). The HSA was performed at the narrow neck (NN; narrowest part of the femoral
neck), femoral shaft (FS; across the shaft 1.5 cm from the NN to the intersection of the neck
and shaft axes), and the intertrochanteric region (IT; along the bisector of the angle of the

axes of the NN and FS) (Figure 1). The following parameters were obtained: cross-sectional



area (CSA, in cm?; index of resistance to axial forces), BMD (g/cm?), endocortical diameter
(ED, cm), average cortical thickness (ACT, cm), width (cm), cross-sectional moment of
inertia (CSMI, cm*; estimate of resistance to bending forces in a cross-section), section
modulus (Z, cm®; index of bending strength), and buckling ratio (BR; index of susceptibility
to cortical buckling under compressive loads) *2. Higher values are associated with greater
predicted femoral strength for all HSA-derived parameters except BR, for which values are
predictive of inferior strength 2*.

2.4  Statistical analysis

Continuous data were expressed as mean and standard-deviation. The assumption of
normality was assessed with the Shapiro-Wilk test. The following variables did not meet the
assumption of normality: weight, BMI, BMI percentile, LS BMC, hip BMC, NN BMD, NN
CSA, NN CSMI, NN width, NN ED, NN ACT, NN BR, IT BMD, IT CSA, IT CSMI, IT
width, IT ED, IT ACT, IT Z, IT BR, FS BMD, FS CSMI, FS BR, FM, LM. The comparisons
between groups (i.e. between simple obesity group and extreme obesity group) were
performed separately for each gender group using the Student t-test or the Mann-Whitney test
when assumptions required for the t-test were not met. The homoscedasticity was analyzed
using the Fisher-Snedecor test. The study of obesity level x gender interaction was analyzed
using linear model with two in-between factors, sex and obesity level and their interaction.
When appropriate, a log transformation was applied when variables were not normally
distributed. Furthermore, this analysis (model 1) was completed by multivariable models
adjusted on maturation (Tanner’s stages) and weight (model 2) and with maturation
(Tanner’s stages) and percent body fat (model 3). The relationships between anthropometric
measurements, body composition and bone parameters were explored using Pearson or
Spearman correlation coefficient according to statistical distribution and applying a Sidak’s

type | error correction to take into account multiple comparisons. The statistical analysis was



performed using Stata software version 15 (StataCorp, College Station, US). Statistical tests
were two-sided with the type-1 error set at 5%.

3 RESULTS

3.1 Clinical characteristics, total body less head, lumbar spine and total hip
parameters

TBLH BMD were 0.9 + 0.8 Z-score for females and 1.2 + 1.1 Z-score for males. BMD at the
lumbar site were 0.7 = 0.6 Z-score for females and 0.3 £ 0.2 Z-score for males. Hip BMD were
1.0£0.8 Z-score for females and 1.3+1.1 Z-score for males. The anthropometric
measurements, body composition and bone parameters of adolescent females and males are
presented respectively in Table 1 and Table 2. For both genders, TBLH BMD and BMC were
not significantly different between EOG and OG. Nevertheless, TBS was lower in the EOG
compared with the OG in both genders in univariate analysis (p <0.05) (model 1) and after
adjustment with maturation and body mass (p <0.05) (model 2), but not after adjustment with
maturation and fat percentage (model 3). In both genders, at the lumbar site, BMD (p<0.01)
and BMC (p<0.001 for females and p<0.01 for males) were lower in the EOG compared with
the OG after adjustment with maturation and body mass (model 2), which was not the case
after adjustment with maturation and fat percentage (model 3). In males, BMD at the whole hip
were significantly higher in the EOG compared to OG in multivariate analysis (p<0.01) (model
1) and after adjustment with maturation and fat mass percentage (p<0.05 for males) (model 3),
which was not the case after adjustment with maturation and body mass (model 2). In females,
BMD at the whole hip were significantly higher in the EOG compared to OG after adjustment
with maturation and fat mass percentage (p<0.01) (model 3).

3.2  HSA parameters at the hip

The HSA hip parameters of adolescent females and males are presented respectively in Table 1

and Table 2. For males, BMD, ACT and CSA were higher in the EOG compared with the OG



at both the NN and the IT regions in univariate analysis (p <0.05) (model 1) but this was not
significant after adjustments (model 2 and 3). After adjustment with maturation and body mass
(model 2), Width, CSMI and Z at the 3 sites were significantly higher in the EOG compared to
OG, such as ED at the IT and the FS, and CSA at the FS (p < 0.05). These results were not
significant after adjustment with maturation and body fat (model 3). In females, Width, CSMI
and Z at the IT were significantly higher in the EOG compared to OG after adjustment with
maturation and body mass (p<0.05), such as ED and Z at the NN (p<0.05) (model 2). BMD,
ACT and CSA at the NN and the IT were significantly higher in the EOG compared to OG
after adjustment with maturation and fat mass percentage (p<0.05) (model 3), which was not
the case after adjustments with maturation and body weight (model 2). BR at the IT were
significantly lower in the EOG compared to OG after adjustment with maturation and body
mass (model 2) and with maturation and fat mass percentage (p<0.05) (model 3).

3.3  Sexinteraction in regard to bone parameters

P-values for sex interactions are presented in Figure 2. There was no significant sex-interaction
for TBLH, lumbar spine, TBS and total hip parameters, neither for HSA parameters.

3.4  Correlations between anthropometric measurements, body composition and
bone parameters

All correlations are presented in Figure 3A for female and Figure 3B for male adolescents.
For males, BMI expressed in percentile was significantly positively correlated with LS BMD,
hip BMD and BMC, and BMD, ACT and CSA at the 3 hip sites. Correlation tests in both
females and males revealed a significant negative correlation between BMI expressed in
percentiles and TBS (p<0.05). FM and FM percentage were significantly inversely
correlated with TBS (p <0.01) only for males. For both sexes, body mass, BMI, LM and FM
values were significantly positively correlated with BMC and BMD of whole-body, LS and

hip, but also with most of hip bone geometric and mechanical indices, except BR.
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4. DISCUSSION

The aim of our study was to determine the impact of the severity of obesity assessed by BMI
international classification (obesity versus extreme obesity) on whole-body, lumbar spine,
total hip BMD and BMC, and geometric indices of hip bone strength among 12-15 years old
adolescents. This is to our knowledge the first study that evaluates the impact of the severity
of obesity on extensive bone parameters in a population of adolescents of homogenous age
with obesity.

According to our results, the degree of obesity did not impact whole-body BMC and BMD
of females and males adolescents. The present results are concordant with the existing
literature. In young subjects aged 10-19 years old; while BMD and BMC values were
significantly lower from eutrophic to patient with extreme obesity, Mosca et al. also failed to
show statistical significance between the group with extreme obesity and the group with
obesity when adjusted for chronological age or bone age °. In older premenopausal women,
Hammoud et al. also found no differences on BMD and BMC values between subjects with
severe obesity, morbid obesity and super morbid obesity 2.

Interestingly, the present results suggest that the severity of obesity can alter lumbar bone
density, content and microarchitecture in both sexes. TBS, which is a texture index that
evaluates pixel grey level variations and provides an indirect but highly correlated assessment
of trabecular microarchitecture between L1-L4 %, has been found significantly lower in the
group with extreme obesity, independently of the degree of maturation and body mass.
Moreover, TBS significantly negatively correlated with BMI expressed in percentile in both
sexes, such as with FM and FM percentage in males. To our knowledge, this is the first study
to evaluate TBS in regard to the severity of obesity in adolescents. The present results align
to the findings of large scale studies examining TBS in men and women across wide age and

BMI ranges 2%, Our results are also concordant with a more recent study carried out in

11



younger premenopausal women and men with overweight and obesity, confirming that TBS
was inversely and strongly correlated with BMI, total fat and visceral adipose tissue,
independently of LM 2. A study conducted among premenopausal females of varying BMI
using computed tomography and trans-iliac bone biopsy has shown that at the tissue level,
females with more central adiposity had inferior bone quality (in particular lower trabecular
bone volume and trabecular stiffness, fewer and thinner trabeculae, and higher cortical
porosity) and lower bone formation 8. This has been explained by the higher sensitivity of
trabecular bone, due to its metabolic activity (in comparison to cortical bone), in regard to
metabolic impairments ®. Moreover, Bredella et al reported that premenopausal women with
high visceral adipose tissue had higher vertebral bone marrow fat than those with low
visceral adipose tissue, and that vertebral bone marrow fat was inversely correlated with
vertebral ?°. Thus, the lower TBS associated with the lower lumbar BMD observed in
adolescents with extreme obesity in comparison with adolescents with less severe obesity
could be partly explained by the higher FM levels (potentially associated with higher visceral
adipose tissue and higher bone marrow fat).

Otherwise, for both sexes, the severity of obesity would have a significant positive impact
on total hip BMD (independently of body fat percentage), which could be explained by the
higher load characterizing adolescents with extreme obesity, who undergo a higher weight-
bearing locomotion with higher impacts on the hip, inducing a greater osteogenic potential in
comparison with adolescents with simple obesity *. The severity of obesity also affects
several geometric and strength parameters, in particular on BMD, ACT and CSA at both the
NN and IT in males. To our knowledge, hip bone geometry and strength had never been
explored before in adolescents in regard to the severity of obesity. While CSA is a recognized
index of resistance to axial forces, ACT is considered as the HAS femur geometry parameter

that is the most negatively associated with the incidence of hip fractures independently of
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BMD % Moreover, BMI expressed in percentile was significantly positively correlated with
hip BMC and BMD, and BMD, ACT and CSA at the three hip sites for males. However,
except for females at the IT, the severity of obesity did not seems to impacts BR, which is
recognized as an important clinical indicator in regard to the incidence of hip fractures **. BR
was not correlated with either anthropometrics or body composition variables. The present
results remain thus in line with those found in premenopausal women between sever obesity
and super morbid obesity groups %, Importantly, in regard to the absence of significant
interactions between sexes for hip HSA parameters, potential differences between sexes must
be interpreted with caution.

The present positive correlation observed in both sexes between weight, BMI, LM and FM
values and bone parameters (BMC and BMD of whole-body, LS and hip, but also with most
of hip bone geometric and mechanical indices, except BR) are fully in line with the literature,
in particular for LM, which is known to have a protective effects on bone mass in adolescents
3233 Moreover, it has also been shown that LM would be a positive predictor of hip geometry
in adults with obesity 2. Concerning FM, the literature on the relationship between childhood
obesity and bone continues to show conflicting results ’, some studies suggesting a positive

18,34

relationship between adiposity and bone while others suggesting that excess fat is

detrimental to the developing skeleton 2°%.

The present results have to be considered in light of some limitations. First, the main
limitation of this study is that it did not include a group of adolescents with healthy weight, to
act as a control group. This would have permit to better translate our results to clinical
significance. Secondly, although DXA remains the most common non-invasive technique for

assessing pediatric bones *¢=’

, it is unable to distinguish trabecular and cortical bone, which
respond differently to mechanical loading and metabolic impairments. Indeed, trabecular

bone would be more likely altered in subjects with obesity, as more susceptible to metabolic
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impairments in comparison with cortical bone . Also, DXA does not provide a direct
distinctive measure of subcutaneous and visceral adipose tissue, which would have an
opposite impact on bone . Nevertheless, other parameters, such as android, gynoid fat or a
proxy of visceral fat measured by DXA would have been interested to assess in this study.
Indeed, visceral fat, which was not explored in the present analysis, has been shown
associated with higher risk of fracture, through its related inflammation that is responsible for
numerous metabolic impairments that would adversely affect bone health 3%°. Glass et al.
described sex differences in the relationship between fat compartments and bone health in 11-

19 year olds over time *

. Other methods, such as peripheral quantitative computed
tomography (pQCT) would have provided important information on volumetric BMD, bone
architecture and quality *?. Third, we decided to present the results separately for females and
males based on the clinical relevance of such an analysis in adolescents and the difference in
sample size between sexes, as previously done in the literature *°. However, as this can be
considered as a limitation, the analysis of the sex interactions for each bone variables add
informative results for interpretations. Otherwise, while this research study aimed at
analysing the impact of the degree of obesity on the skeletal sites involved in fracture risk
later in adult life, the choices of whole-body, lumbar spine and hip as regions of interest are
relevant and in accordance with official positions from the ISCD . Finally, the study did not
explore the impact of clinical and biological metabolic parameters on bone health. Indeed, the

higher risk of fracture described in the literature &3

could be linked to consequences of
obesity, such as inflammation, insulin resistance, type 2 diabetes, dyslipidemia and non-
alcoholic fatty liver disease. especially during the adolescent years *****. Future research
exploring the impact of clinical and biological markers of metabolic syndrome and

complications of obesity on bone health are thus needed.
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In conclusion, the present study, which is the first to evaluate the impact of the severity of
obesity on extensive bone parameters in adolescents with obesity, indicates that the degree of
obesity might differently affect bone health in adolescents depending on anatomical sites. In
both sexes, the severity of obesity might have no significant impact on total body bone mass
and density. However, extreme obesity would significantly alters lumbar site and particularly
trabecular bone, independently of the degree of maturation and body mass. TBS has been
found negatively associated with BMI percentile in both sexes and fat mass in males.
Otherwise, extreme obesity might positively impact total hip bone density independently of
the degree of maturation and body fat percentage. Future studies should include a group of
adolescents with healthy weight and evaluate the impact of the severity of obesity on
extensive bone parameters in regard to visceral fat and obesity-related complications
including low grade inflammation, parameters of metabolic syndrome like insulin resistance;

type 2 diabetes, dyslipidemia and non-alcoholic fatty liver disease.
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Figure 1: Hip image from a Hologic DXA scanner showing positions of thin analysis regions
across the femur at the neck (NN), intertrochanteric (IT) and shaft (FS) using the Hip
Structural Analysis (HAS). On the left are shown typical bone mass profiles used in

measurements of geometric and strength properties. Adapted from Beck et al %*

Figure 2: Sex interaction (p-value) for bone parameters

ACT: average cortical thickness; BMC: bone mineral content; BMD: Bone mineral density;
BR: buckling ratio; CSA: cross sectional area; CSMI: cross sectional moment of inertia; ED:
endocortical diameter; FS: femoral shaft; IT: intertrochanteric region; LS: lumbar spine; NN:
narrow neck; TBLH: Total body less head; TBS: trabecular bone score; Z: section modulus

Figure 3: Heatmap representation of the correlations between anthropometric measurements,
body composition and bone variables. The darkest is the box and the higher is the correlation.
ACT: average cortical thickness; BMC: bone mineral content; BMD: Bone mineral density;
BMI: Body mass index; BR: buckling ratio; CSA: cross sectional area; CSMI: cross sectional
moment of inertia; ED: endocortical diameter; FM: fat mass; FS: femoral shaft; IT:
intertrochanteric region; LM: lean mass; LS: lumbar spine; NN: narrow neck; TBLH: Total
body less head; TBS: trabecular bone score; WB: Whole-body; Z: section modulus; *p <0.05
; **p <0.01 ; ***p <0.001

Table 1: Anthropometric measurements, body composition and bone parameters of female

adolescents for the two groups (obesity vs extreme obesity) (n = 97; mean + SD)

Table 2: Anthropometric measurements, body composition and bone parameters of male

adolescents for the two groups (obesity vs extreme obesity) (n = 59; mean + SD)
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Table 1:

Overall SED- SED+ p-value p-value p-value MVPA+ MVPA- p-value p-value p-value
. (n=134) | (n=67) | (n=67) | Modell : Model2 | Model3 | (n=67) | (n=67) | Modell | Model2 | Model3
Anthropometry - body composition
Age (year) " 134%22 | 131:23 | 136%19 | 0003 | 130%23 | 137il9 | 0004 |
Females (n, %) | 65(485) | 33(49) | 32(47) | 0863 | | 33(49) | 3247 | 0863 |
Tanner stage | 38+13 | 37:13 | 39:13 | 0549 | | 37+13 | 3913 | 0747 |
Height (cm) | 164.1+136 | 161.2+16.2 | 167.1%9.7 | 0.013 ! E ! 150.3+14.8 | 168.8+10.4 ! <0.001 ! E
Weight (kg) | 9324251 | 87.6+288 | 989+195 | 0.004 | 0009 | | 838+252 | 1027+213 | <0.001 | <0.001 |
BMI (kgm?) | 343+52 | 329%55 | 356%45 | 0002 | 0017 | | 326+48 | 361%50 | <0.001 | 0006 |
Z-BMI ! 318+048 | 319+051 @ 326+045 @ 0042 | 0161 | 314048 | 322£048 | 0041 | 0189 |
BMI (percentile) | 989+07 | 98808 | 99.0%07 | 0015 | 0014 | | 988+08 | 990+07 | 0011 | 0014 |
WC (cm) | 1000+138 | 1058+151 | 1123+115 | 0012 | 0024 | 0155 | 10374138 | 1143+117 | <0,001 ; 0,001 | 0,109
HC (cm) | 117£134 | 1081%147 | 1157%105 | 0001 | 0024 | 0171 | 1065%137 | 1171%107 | <0.001 | 0001 | 0.056
Waist to hip ratio ' 098+0.07 @ 098+008 : 098+007 @ 0458 '@ 0554 : 038 @ 098+008 : 098+006 '@ 0552 @' 0657 @ 0.961
FM (kg) | 412+144 | 364+149 | 460+12 | <0001 | 0031 | 0118 | 350136 | 4774122 | <0001 | 0001 | 0.136
FM percentage (%) | 440+73 | 419x65 | 461%7.6 | 0002 | 0011 | 0036 | 423%7.0 | 457+7.3 | 0015 | 0017 | 0.124
FFM (kg) ! 51.8+154 | 495+171 | 540+13.1 | 0115 ! 0184 | 0158 ! 47.0+156 | 56.8+13.4 | <0.001 ! 0.025 ! 0.257
FFM percentage (%) | 56070 | 581+68 | 539%72 | 0005 | 0011 | 0087 | 577+68 | 543%72 | 0024 | 0025 | 0126
VAT (cm?) | 1609+565 | 1517+572 | 1867+480 | 0015 | 0065 | 0088 | 1555+599 | 1832+508 | 0043 | 0418 | 0.684
SAT (cm®) 7722 1939 7000 + 2175 8320+ 1416 0.012 0.026 0.035 7338 + 2397 8077 + 1347 0.139 0.578 0.826
Movement related behaviors
Accelerometer days worn (n) 65111 | 66208 | 6311 | 0203 | 0512 | 0866 | 66208 | 6311 | 008l | 0100 | 0313
Accelerometer daily wear time (%) | 99.4+29 | 99327 | 995%31 | 0761 | 0666 | 0850 | 99425 | 993+33 | 0888 | 0900 | 0820
Sedentary time (min/day) ! 640+116 | 557+38 | 723+109 | <0.001 ! <0.001 ! <0.001 ! 584+61 | 696+171 | <0.001 | <0.001 ! <0.001
LPA (min/day) | 484+107 | 533+88 | 433103 | <0.001 | <0.001 | <0.001 | 494+80 | 473+111 | 0401 | 0276 | 0322
MPA (min/day) | 18676 | 222%475 | 149%59 | <0.001 | <0.001 | <0.001 | 24850 | 124%84 | 0001 | <0.001 | <0.001
VPA (min/day) . 6x10 | 8x14 | 415 | 0023 | 0047 | 0145 | 10:13 | 2+3 | <0.001 | <0.001 | <0.001
MVPA (min/day) ' 192+81 @ 231+81 ! 153+61 ' <0.001 @ <0.001 ! <0.001 @ 258+56 ! 127+86 ! <0.001 ! <0.001 @ <0.001
Total PA (min/day) | 6764139 | 76472 | 586+135 | <0.001 | <0.001 | <0.001 | 752+81 | 599+144 | <0.001 | <0.001 | <0.001
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MVPA/LPA ratio | 042022 | 047025 | 037017 | 0011 : 0113 } 0216 | 055%021 | 029%013 | <0.001 | <0.001  <0.001
AEE | 2345+1130 | 238741172 | 2299+1102 | 0494 | 0249 @ 0.114 | 2383+899 @ 2304+1327 ! 0.117 | 0.207 | 0.059
Self-reported sports time (h/week) (a) 6.67 + 3.6 7.52+31 5.80+3.8 0.013 0.020 0.022 7.76 +3.5 5.68 +3.5 0.006 0.012 0.013
Cardiometabolic variables

Systolic BP (mmHg) T 110z12 | 116z12 | 122:11 | 0001 | 0021 | 0048 | 11611 | 122%11 | <0001 | 0033 | 0090
Diastolic BP (mmHg) I 72¢9 1 70£9 '  74+8 | 0012 | 0039 | 0022 ! 70+8 i 73+9 | 0018 | 0183 | 0.097
HDL-cholesterol (mmol/L) | 1064023 | 116£024 | 0964020 | <0001 | 0001 | 0001 | 114£025 | 0984021 | <0.001 | 0008 | 0013
Triglycerides (mmollL) | 122+058 | 109:056 | 136+058 | 0003 | 0049 | 0061 | 107+053 | 138+0.60 | <0.001 ; 0027 | 0.026
LDL-cholesterol (mmol/L) | 261%081 | 250£071 | 271%089 | 0149 | 0071 | 0055 | 251+077 | 270%084 | 0160 | 0144 | 0102
Total cholesterol (mmol/L) ' 392+090 @ 3.88+083 : 396+096 @ 0501 @ 0.170 : 0112 @ 3.87+087 : 3.96+092 ' 0.626 ' 0509 @ 0.338
Apolipoproteine A (g/L) | 1284018 | 132+021 | 124+013 | 0008 | 0033 | 0063 | 133+021 | 124+013 | 0004 | 0017 | 0.065
Apolipoproteine B (g/L) | 0.76+020 | 070£047 | 080%022 | 0005 | 0007 | 0007 | 072+019 | 079+021 | 0023 | 0102 | 0117
HSCRP (mg/L) ! 201+210 ! 159+154 | 241+247 | 0214 | 0140 | 0219 | 1.80+1.30 ! 219%261 | 0380 ! 0.799 ! 0.670
Fasting glucose (mmoliL) | 555+059 | 539+049 | 572064 | 0002 | 000l | 0001 | 551+060 | 550+059 | 0358 | 0243 | 0275
Fasting insulin (mUI/L) | 241241425 | 1924+1141 | 2893%15.19 | <0.001 | <0.001 | <0.001 | 20151318 | 28.03+14.20 | <0.001 | 0.003 | 0.005
HOMA-IR ! 6.02+391 | 457+294 | 7.46+423 | <0.001 | <0.001 ! <0.001 ! 4.97+374 ! 7.06+3.82 ' <0.001 ! 0002 ! 0.003
OGTT glucose (mmoliL) | 704+155 | 673+111 | 7374185 | 0020 | 0041 | 0043 | 685:172 | 7.24+134 | 0051 | 0259 | 0147
OGTT Insulin (MUI/L) | 886732 | 67.6+517 | 109.6+851 | 0008 | 0033 | 0023 | 756+585 | 1020+843 | 0127 | 0420 | 0.315
Metscore (Z-score) | 000£062 | -031£054 | 032%053 | <0.001 | <0.001 | <0.001 | -028+061 | 029%048 | <0.001 | <0.001 | <0.001

AEE: average energy expenditure ; BMI: body mass index; BP:
density lipoprotein; HOMA-IR: homeostasis model assessment
activity; MVPA: moderate to vigorous physical activity; OGTT:
adipose tissue; WC: waist circumference

blood pressure ; hsCRP: high-sensitive C-reactive protein ; FFM: fat free mass; FM: fat mass; HC: hip circumference; HDL: high-
of insulinresistance; IR: insulinresistance; LDL: low density lipoproprotein; LPA: light physical activity; MPA: moderate physical
oral glucose tolerance test ; PA: physical activity; VAT: visceral adipose tissue; VPA: vigorous physical activity; SAT: subcutaneous

(a) Self-reported sports time (h/week) (b): overall: n=108; ; SED-: n=54 ;SED+: n=54 ; MVPA+: n=56 ; MVPA-: n=52
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Table 2:

SED- / MVPA+ SED- / MVPA- SED+/ MVPA+ SED+ / MVPA- o value

; (n = 33) ; (n = 34) ; (n=33) ; (n=34) ;
Anthropometry and body compaosition
Age (vear) 124123 | 136%22 131+18 142+19
Females (n, %) 15 (45) 17 (50) 16 (48) 18 (52)
Tanner stage ; 34+15 ; 39+13 ; 37+13 ; 41+12 ;
Height (cm) 152.6 + 14.4 169.4 + 13.5 165.2 +9.3 168.8+9.9
Weight (kg) | 743%224 | 1006£288*% | 949£204** | 1029%17.8*% | <0.001
BMI (kg-m?) | 313%46 | 346+5.9 E 35.3+4.8 E 36.0+4.3% ' 0.001
Z-BMI 3.24+0.54 3.14 +0.48 3.18+0.48 3.17 +0.43 0.229
BMI (percentile) | 987+08 | 988+08 |  989%07 |  991:06 | 0181
WC (cm) | 999:119 | 1116159 | 1109123 | 1136+108* | <0.001
HC (cm) 1 1014+126 ¢ 114.6+13.8% | 1131+113* ! 117.9+95% | <0.001
Waist to hip ratio 0.99 +0.07 0.98 +0.09 0.98 + 0.06 0.96 + 0.07 0.293
FM (kg) | 306%109 | 427:162 | 444+134% | 47.4£109** | <0001
FM percentage (%) ' 419+66 | 42.0+86.5 ' 46.0+69%* ' 461+75%* ! 0.029
FFM (kg) 42.1£14.9 57.4+159% 51.1+13.0%* 56.4 + 12.7* <0.001
FFM percentage (%) | 581%7.0 | 580%67 | 540+64* |  539x7.1% | 0023
VAT (cm®) ! 1378566 |  1617+576 | 1851 +641* |  1884+404* | 0.047
SAT (cm®) 6126 + 2256 7624 + 1960 8224 + 1606* 8558 + 1282 * 0.013
Movement related behaviors
Number of days worn (n) 6.7+0.7 6.5+0.9 6.6 £0.9 6.5+14 0.143
Daily wear time (%) | 993%35 |  994%20 |  997+11 | 99.3+2.3 | 0.946
Sedentary time (min/day) | 553%44 | 562 + 31 | 674550 F*Fu | 769 5 129 **kms’T | <0.001
Light PA (min/day) 496 + 82 570 + 78 460 + 59 #i# 408 + 127 **u" <0.001
Moderate PA (min/day) 281 + 46 165 + 49 *** 197 + 37 ***s 104 + 35 ***s’ <0.001
Vigorous PA (min/day) 13+ 18 4+ 5% 6+5 24 pxkxt ! <0.001
MVPA (min/day) 294 + 53 169 + 51 *** 203 + 38 ***uy 106 + 36 ***ps' <0.001
Total PA (min/day) | 700£65 | 739:71 | 663:68% | 514+ 143 %%’ | <0.001
MVPA/light PA ratio | 0633025 | 0324012%% | 046+0.12%# | 029+016%+'" | <0.001
AEE | 2328+1005 | 2444+1332 i 25554954 | o052+1176*# | 0.035
Self-reported sports time (h/week) (b) 8.50+3.1 6.80 £ 2.9* 8.30+34# 3.17 + 2.3 *rxpppttt <0.001
Cardiometabolic
Systolic blood pressure (mmHg) ' 114 + 10 ' 118 + 13 ' 121 +£12 ' 122+9 © 0.004
Diastolic blood pressure (mmHg) I 687 I 709 I 73+8 I 74 +8 I 0.052
HDL-cholesterol (mmol/L) | 123025 |  1.09+022 | 097£019%# | 0905:021*% | <0.001
Triglycerides (mmol/L) ! 1.08+059 @  1.10+054 |  1.34%055 1.37 £ 0.62 ' 0.030
LDL-cholesterol (mmol/L) 2.66 +0.90 2.36+0.42 2.64+0.79 2.77+0.98 0.278
Total cholesterol (mmol/L) | 410£102 | 367052 | 388:08 | 400107 | 0.237
Apolipoproteine A (g/L) | 141+020 | 124:+017* | 123+0.13*% | 123:014* | <0.001
Apolipoproteine B (g/L) 0.64 £0.22 0.68 £0.11 0.78 £ 0.19 *# 0.83+0.25 *# 0.026
HSCRP (mg/L) 1.56 +0.85 1.52 +1.97 2.50 +2.42 2.33+2.56 0.380
Fasting glucose (mmol/L) 5.37 + 0.47 5.41+0.50 5.70 + 0.68 *# 5.75 + 0.62 *# 0.028
Fasting insulin (mUI/L) ! 17.92+968 | 2048+12.86 ! 2883+150%*t @ 2902+1346*% @ <0.001
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HOMA-IR 420269 | 4924315 | 7.43+471%%# | 7.50+3.78 %% | <0.001
OGTT Glucose at 120min (mmol/L) | 1184029 | 119030 | 1324040 | 1324035 | 0154
OGTT Insulin at 120min (mUI/L) | 69.1+4453 | 691%583 | 1091+713 |  1101£99.0 | 0056
Metscore (Z-score) | -043%053 | -019%053 | 028+0.64% | 035£040%%# | <0.001

AEE: average energy expenditure ; BMI: body mass index; BP: blood pressure ; hsCRP: high sensitive C-reactive protein ; FFM: fat free
mass; FM: fat mass; HC: hip circumference; HDL: high-density lipoprotein; HOMA-IR: homeostasis model assessment of insulinresistance;
IR: insulinresistance; LDL: low density lipoproprotein; LPA: light physical activity; MPA: moderate physical activity; MVPA: moderate to
vigorous physical activity; OGTT: oral glucose tolerance test ; PA: physical activity; VAT: visceral adipose tissue; VPA: vigorous physical
activity; SAT: subcutaneous adipose tissue; WC: waist circumference

Different from SED-MVPA+:* 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; 7" p<0.01° " ; p<0.001

(a) Self-reported sports time (h/week): SED-/MVPA+: n= 26; SED-/MVPA-: n=29; SED+/MVPA+: n=24; SED+/MVPA-: n=27
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