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ARTICLE INFO ABSTRACT

Handling Editor: Dr. A. Siani Background and aims: To assess the relationship between body composition indicators and inflammatory bio-
markers in children and adolescents of the GENOBOX study.

Keywords: Methods and results: Anthropometry data from 264 subjects from the subsample of Zaragoza (Spain) included:

hsCPR weight, height, waist circumference, body mass index and triponderal index. Body composition was determined

Leptin

by Dual-energy X-ray Absorptiometry (DXA), obtaining visceral adipose tissue, fat mass index and lean mass

P bertal . s g N . . S
p;ebitt;r 4 index. Age and sex specific z-scores were computed. Simple linear regression models were performed with in-
Adiposity flammatory biomarkers (hsCRP, IL8, TNF-q, adiponectin, leptin and resistin) as dependent variables, and each of

DXA the body composition indices as independent variables.
Prepubertal boys had higher IL8 and resistin values and pubertal girls had higher HOMA-IR and leptin values.
hsCPR and leptin were associated with fat mass, both in prepubertals and pubertals, independently of lean mass,
and regardless of how body composition was measured. All body composition indices were inversely associated
with adiponectin, except for fat mass index in pubertals, but none of them were statistically significant.
Conclusion: A positive association between hsCRP and leptin with all body fat composition parameters, measured
by standard nutritional indicators and DXA, was observed in both sexual stages.
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1. Introduction

Inflammation is a natural response of the body to repair damage
caused by infection or injury. The inflammatory process and repair can
be harmful and detrimental if it becomes chronic [1]. Some environ-
mental and lifestyle factors can promote systemic chronic inflammation
that may lead to several diseases such as cardiovascular disease (CVD),
cancer and diabetes [2]. Body composition plays an important role in
systemic chronic inflammation. Obesity is a condition in which the ad-
ipose tissue mass is altered and the endocrine function of this tissue
becomes impaired, contributing to an inflammatory state [3]. The
emerging tri-ponderal mass index (TMI), obtained as weight (kg)/height
(m) [3] has been recently suggested to predict body fat percentage [4].
Body mass index (BMI), computed as weight (kg)/height(m) [2], in
relation to age, is the most widely used indicator to diagnose obesity in
children and adolescents, as it has a good correlation with total body fat
[5]. These conventional indicators based on anthropometry are weakly
associated with body components such as fat mass (FM) and lean body
mass (LBM): muscle, extracellular water, and other non-adipocyte cells
[6]. Dual-energy X-ray absorptiometry (DXA) allows scanning the whole
body to measure regional body composition [7]. Rather than total fat
mass, body fat distribution is a key factor in the development of obesity,
related insulin resistance and cardiometabolic diseases, since it better
predicts disease risk at the individual level [8]. Adipose tissue is not only
a reservoir for energy storage but also an active secretory organ that
releases to the bloodstream a variety of bioactive peptides, known as
adipokines [9]. White adipose tissue excess, particularly in the visceral
compartment, may become severely dysfunctional, increasing the pro-
duction of pro-inflammatory cytokines, such as interleukin 6 (IL6),
interleukin 8 (IL8) and tumor necrosis factor alpha (TNF-a) [10]. Cy-
tokines stimulate the hepatic production of C-reactive protein (hsCRP),
an independent predictor of CVD [11]. Adipocytes also secrete hor-
mones such as leptin and resistin that contribute to inflammatory pro-
cesses [9]. Adiponectin is another hormone secreted by adipose tissue,
however, unlike the aforementioned inflammatory biomarkers, it has an
inverse association with inflammatory states [12]. Numerous experi-
mental and clinical observations suggest that adiponectin has
anti-atherogenic and insulin-sensitizing properties [13]. Furthermore,
LBM is metabolically involved in active processes such as resting energy
expenditure and myokine secretion, which improve insulin sensitivity,
reducing low-grade systemic inflammation and improving muscle
glucose uptake [14]. Although chronic inflammation is more prevalent
in older individuals, children and adolescents also present a chronic
inflammatory state associated with obesity, as well as metabolic com-
plications, which increase morbidity and mortality in adulthood [15].
Hence, one of the key elements to better understand the etiology and
course of inflammation process is to perform studies focusing on
younger populations, especially in early ages of development. In addi-
tion, the use of DXA for the intended body composition measurements
allows to discriminate between fat and lean mass, facilitating more
precise analysis which could determine the independent effect of each
body compartment, in relation to inflammation biomarkers. In addition,
the measures of lean and fat mass, among other anthropometric in-
dicators used, were treated in the form of normalized indexes by the
squared height instead of percentages, as well as being standardized by
the use of z-scores. Therefore, the aim of this study is to assess the re-
lationships between different indicators of body composition and in-
flammatory biomarkers in Spanish children and adolescents of the
GENOBOX study.

2. Methods
2.1. Study design and population

The present study was performed multicentric, cross-sectional case-
—control GENOBOX study [16]. The total sample included 1175 children
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and adolescents recruited from three Spanish locations: Reina Sofia
University Hospital (Cérdoba), Santiago de Compostela Clinic Univer-
sity Hospital (Santiago de Compostela), and Lozano Blesa Clinic Uni-
versity Hospital (Zaragoza). All individuals who participated were
selected from those already present to either confirm a diagnosis of
overweight or obesity or to investigate minor disorders that were
inconclusive following clinical and laboratory examinations. For the
purpose of this analysis, we utilized a subset of data from Zaragoza
(Fig. 1), applying the following inclusion criteria: children aged >5
years, without endogenous obesity (resulting from hormonal or meta-
bolic dysfunction) or any other metabolic or hormonal disorders.
Exclusion criteria included illness or malnutrition, use of medications
affecting blood pressure, glucose, or lipid metabolism, or failure to meet
the inclusion criteria.

2.2. Anthropometry, body composition and sexual maturation

Participants were instructed to remove their shoes and outer
clothing, leaving them in underwear for measurement purposes. Body
weight was assessed using an electronic scale (SECA 861; range:
0.05-130 kg; precision: 0.05 kg), while height was measured in the
Frankfurt plane, using a standing stadiometer (SECA® 225 model;
range: 60-200 cm; precision: 1 mm). Then, BMI was calculated as body
weight (kg) divided by the height (m) squared, and TMI was calculated
as body weight (kg) divided by the height (m) cubed. WC was measured
in fasting state at the midpoint between the lowest rib cage and the top
of the iliac crest standing after expiration with a non-elastic tape (Ces-
corf Equipamentos para Esportes, Porto Alegre, Brazil) to the nearest
0.1 cm. Children’s weight categories, including normal weight, over-
weight, and obesity, were determined using the age- and sex-specific
BMI cut-off points established by the International Obesity Task Force
(IOTF). These cut-off points align with adult BMI values of 25 kg/m? for
overweight and 30 kg/m? for obesity [17]. Body composition was
determined with a whole-body scan using a DXA QDR-Explorer TM 4500
(Hologic Inc., Bedford, MA). The DXA equipment was calibrated at the
start of each testing day by using a LS phantom as recommended by the
manufacturer. The positioning of the participants and the analyses of the
results were undertaken following recommendations from the Interna-
tional Society of Clinical Densitometry [18]. The total body scan was
used to obtain total FM, LBM and abdominal fat (VAT). The Fat Mass
Index (FMI) was computed by dividing the fat mass (in kilograms) by the
square of the individual’s height (in meters), while the Lean Body Mass
Index (LMI) was determined by dividing the lean body mass (in kilo-
grams) by the square of the individual’s height (in meters). Additionally,
a medical history and physical examination were conducted, which
included assessing sexual maturity and classifying puberty stages based
on Tanner’s five-stage scale [19].

2.3. Biochemical analysis

Blood samples were obtained from the antecubital vein following an
overnight fast. Standard blood tests were conducted at the hospital’s
laboratory of the participating centers. Plasma insulin levels were
measured using radioimmunoassay (with a coefficient of variation of
2.6 %), employing an automated microparticle analyzer (AxSYM;
Abbott Laboratories, Abbott Park, IL, USA). Insulin resistance (IR) was
assessed using the Homeostatic Model Assessment of Insulin Resistance
(HOMA-IR) formula: insulin (pU/mL) x glucose (mmol/L)/22.5. High-
sensitivity C-reactive protein levels were determined using immuno-
turbidimetry (Dade Behring Inc., Deerfield, IL, USA). Other inflamma-
tory biomarkers were analyzed using X-Map technology and
LINCOplex™ human monoclonal antibody kits on a Luminex® 200™
device, following the manufacturer’s operating protocols.
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GENOBOX study participants
N=1,775
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Fig. 1. Flow chart of the sample selection process. The final number of the study participants may vary depending on the inflammatory biomarker studied (see
Table 1). The final sample of 237 participants considered discarding all missing values of all included variables simultaneously. HOMA-IR contributed with 8

missing values.

2.4. Statistical analysis

In order to obtain the variables’ normality, the Shapiro-Wilk test was
conducted. Since not all the variables used follow a normal distribution,
descriptive data are displayed as median and interquartile range (IQR).
To compare differences by sex, the Mann-Whitney-Wilcoxon test was
considered for continuous variables. We computed age and sex specific
z-scores for the body composition variables (TMI, LMI, FMI, WC and
VAT) using the own sample of participants, except for the BMI, which
the Orbegozo et al. z-score cut-off points were considered [20]. Simple
linear regression models were performed with each of the inflammation
biomarkers (hsCRP, IL8, TNF-a, adiponectin, leptin and resistin) as
dependent variables, and each of the body composition indices (z-score)
as independent variables, in separate subsamples according to prepu-
bertal vs. pubertal status. Since body fat and lean mass have strong
collinearity, the linear regression models assessing the effect of LMI on
inflammation biomarkers considered the residuals of a previous linear
regression of the FMI’s effect on LMI. Similarly, in order to analyze the
association of FMI independently of LMI on inflammation biomarkers,
residuals of previous linear regression of LMI’s effect on FMI were used.
We used R version 3.6.1 for the statistical analysis conducted in the
present manuscript. The significance level was set to 5 %, i.e., p-values

<0.05 were considered statistically significant.
3. Results

Table 1 shows the main characteristics of the sample (median and
IQR p25-p75). Boys were older than girls in both sexual maturation
stages. Regarding body composition, boys had more lean mass in the
prepubertal stage and girls had more fat mass in the pubertal stage.
Regarding inflammatory biomarkers, boys had higher IL8 and resistin
values in the prepubertal stage. Girls had higher HOMA-IR and higher
leptin values in the pubertal stage. No differences were found regarding
the other body composition indicators and biochemical markers in both
sexual maturation stages.

Table 2 shows how inflammatory biomarkers are associated with
body composition indices. All body composition indices, except the lean
mass, were positively associated with hsCPR (prepubertals, adjusted R2
from 0.144 to 0.236 and pubertals, adjusted R2 from 0.059 to 0.131).
Fig. 2 shows the regression coefficients of hsPCR according to fat mass
and lean mass indicators in prepubertal and pubertal subjects. Body
composition indices did not show association with IL8 neither in pre-
pubertal nor in pubertals and in the case of TNF-a there was a positive
association with body fat indicators TMI and WC both in prepubertals
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Table 1
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Demographic, anthropometric and biochemical markers in the studied population sample.

Total (n = 264) Prepubertal (n = 126)

Pubertal (n = 138)

Total Boys (n = 67) Girls (n = 59) P Total Boys (n = 58) Girls (n = 80) p

Age (years) 8.4 (7.6-9.4) 9.0 (7.9-9.7) 8.0 (7.2-8.8) <0.001 11.9 (10.7-13.3) 12.7 (11.4-13.9) 11.5(9.8-12.8) <0.001
Weight (kg) 31.8 (26.0-44.7) 33.0 (26.2-48.9) 30.8 (25.8-38.9) 0.101 53.5 (42.9-63.7) 54.3 (47.8-63-8) 51.6 (40.6-63.6) 0.224
Height (cm) 133 (126-139) 136 (127-142) 131 (124-136) 0.025 153 (145-161) 156 (148-163) 150 (143-158) 0.001
WC (cm) 61.8 (56.2-73.7) 61.5 (56.3-78.4) 62.1 (55.7-69.4) 0.157 74.1 (65.5-84.8) 75.5 (67.3-88.5) 73.1 (64.3-82-5) 0.095
BMI (kg/m?) 18.0 (15.6-23.8) 18.0 (15.8-25.0) 18.0 (15.5-21.7) 0.284 22.2 (19.2-27.3) 22.1 (18.9-26.8) 22.4 (19.2-27.5) 0.621
BMI categories (N,%) 66 (100.0) 36 (53.7) 30 (50.8) 0.885 56 (100.0) 27 (46.6) 29 (36.7) 0.326
Normo-weight OW/OB 60 (100.0) 31 (46.3) 29 (49.2) 82 (100.0) 31 (53.4) 51 (63.3)
TMI (kg/m?) 13.8 (12.2-17.4) 13.7 (12.1-17.6) 14.1 (12.2-16-7) 0.743 14.7 (12.1-17.8) 13.7 (12.1-17.4) 15.1 (12.5-18.1) 0.113
LMI (kg/m?) 12.3 (11.4-14.3) 13.0 (11.9-14.6) 11.9 (11.2-13.1) 0.002 14.5 (13.2-16.3) 14.7 (13.4-16.3) 14.2 (13.1-16.1) 0.170
FMI (kg/m?) 5.2 (3.5-8.6) 4.4 (3.1-8.8) 5.4 (3.8-8.2) 0.355 7.5 (4.6-10.8) 7.1 (4.1-9.2) 8.5 (5.6-11.0) 0.043
VAT (kg) 1.0 (0.5-2.1) 0.9 (0.5-2.3) 1.0 (0.5-1.7) 0.791 2.0 (0.8-3.3) 1.8 (0.8-3.0) 2.1 (1.0-3.3) 0.414
Total (n = 237) Prepubertal (n = 107) Pubertal (n = 130)

Total Boys (n = 57) Girls (n = 50) P Total Boys (n = 55) Girls (n = 75) P
HOMA-IR (units) 1.5 (0.9-3.0) 1.6 (1.0-3.0) 1.6 (0.8-2.9) 0.565 3.0 (2.0-3.7) 2.6 (1.8-3.3) 3.3 (2.4-4.3) 0.003
hsCPR (mg/L) 0.8 (0.3-1.9) 0.5 (0.2-2.1) 0.9 (0.4-1.8) 0.210 0.8 (0.2-2.4) 0.5 (0.2-1.7) 1.2 (0.2-2.5) 0.087
IL8 (ng/L) 1.2 (1.0-1.7) 1.3 (1.0-2.0) 1.1 (0.9-1.3) 0.005 1.1 (0.8-1.7) 1.1 (0.8-5.4) 1.1 (0.8-5.2) 0.926
TNF (ng/L) 1.9(1.5-3.1) 2.0 (1.5-3.1) 1.9 (1.5-3.0) 0.890 2.0 (1.3-2.8) 2.2 (1.6-3.1) 1.7 (1.3-2.7) 0.890
Adiponectin (mg/L) 14.6 (11.1-18.3) 15.9 (10.0-17.8) 14.1 (11.8-19.6) 0.819 11.9 (7.8-16.7) 11.7 (7.1-16.8) 12.1 (8.3-16.5) 0.534
Leptin (pg/L) 4.0 (1.3-13.49) 2.8 (1.0-15.7) 6.4 (2.0-11.9) 0.319 9.1 (3.8-17.2) 7.1 (1.9-16.6) 12.0 (4.7-17.4) 0.026
Resistin (ug/L) 23.6 (13.3-33.2) 26.1 (17.6-40.7) 20.3 (11.7-29.0) 0.037 28.5 (18.9-37.7) 27.2 (15.4-35.6) 30.0 (20.4-38.5) 0.125

Legend: Results shown as median and interquartile range (p25-p75). Significant results in the ANOVA between sex groups shown in bold (p < 0.05). Abbreviations:
BMI (body mass index); FMI (fat mass index); HOMA-IR (homeostatic model assessment - insulin resistance); hsCRP (high sensitivity C reactive protein); IL8
(interleukin 8); LMI (lean mass index); OB (obesity); OW (overweight); TMI (triponderal mass index); TNF (tumor necrosis factor); VAT (visceral adipose tissue) and

WC (waist circumference).

Table 2
Linear regression analysis of CRP, IL8 and TFN according to body composition
indices stratified by pubertal stages.

Prepubertal Pubertal
B Adjusted p i Adjusted p
R? R?

hsCPR (n=120) (n=136)
(mg/L)"
(n = 256)
z-BMI 0.815 0.235 <0.001  0.632 0.069 0.001
z-TMI 1.327 0.144 <0.001  0.957 0.064 0.001
z-LMI —0.815 0.002 0.25 —0.434 <0.001 0.312
z-FMI 2.833 0.151 <0.001  1.297 0.059 0.002
z-WC 1.523 0.179 <0.001 1.066 0.085 <0.001
z-VAT 1.731 0.236 <0.001  1.300 0.131 <0.001
IL8 (ng/ (n=123) (n=131)
L)'=
254)
z-BMI 0.031 —0.006 0.632 —0.003 —0.007 0.953
z-TMI 0.091 —0.004 0.502 0.028 —0.007 0.776
z-LMI 0.135 —0.006 0.639 0.066 —0.006 0.637
z-FMI —0.033  —0.008 0.908 —0.036  —0.007 0.794
z-WC 0.008 —0.008 0.952 0.047 —0.005 0.627
z-VAT 0.007 —0.008 0.956 0.014 —0.007 0.885
TNF (ng/ (n=122) (n=131)
LY (n =
253)
z-BMI 0.120 0.020 0.062 0.141 0.019 0.060
z-TMI 0.290 0.031 0.029 0.242 0.024 0.040
z-LMI 0.526 0.020 0.061 0.055 0.742 0.742
z-FMI 0.025 —0.008 0.929 0.112 —0.004 0.504
z-WC 0.293 0.029 0.031 0.323 0.052 0.004
z-VAT 0.226 0.013 0.104 0.174 0.009 0.132

Legend: Due to strong collinearity, the z-LMI and z-FMI are represented by the
residuals of a previous association of the LMI's effect on FMI and vice versa.
Abbreviations: hsCRP (high sensitivity C reactive protein); IL8 (interleukin 8);
TNF (tumor necrosis factor); z-BMI (body mass index z score); z-FMI (fat mass
index z-score); z-LMI (lean mass index z-score); z-TMI (triponderal mass index z-
score); z-VAT (visceral adipose tissue z-score) and z-WC (waist circumference z-
score).

@ Considered as dependent variable in separate models for each independent
variable (i.e., z-scores of BMI, TMI, LMI, FMI, WC and VAT).

and pubertals.

Table 3 shows the relationship between body composition indices
and the hormones leptin, resistin and adiponectin. All body fat compo-
sition indices were positively associated with leptin both in prepubertals
(adjusted R2 from 0.233 to 0.457) and pubertals (adjusted R2 from 0.2
to 0.537). Regression coefficients of leptin according to fat mass and
lean mass indicators in both pubertal stages are shown in Fig. 3. Fat
composition indices WC, FMI and TMI were negatively associated with
resistin only in the pubertal stage (adjusted R2 from 0.023 to 0.029). All
body composition indices were inversely associated with adiponectin,
except FMI in pubertals, but none of them was statistically significant.

4. Discussion

We studied a cohort of Spanish children and adolescents, homoge-
neously distributed in terms of sex and pubertal status. We determined
the clinical nutritional indicators commonly used, such as BMI and TMI,
and also as novelty of the study, further body composition indicators
were accurately assessed by the independent effect of LBM, FM and VAT
measures, performed with DXA techniques. Furthermore, based on the
DXA measurements, LMI and FMI were determined. This study design
allowed us to analyze certain biomarkers’ behaviors, independently for
fat mass and lean mass. We were able to verify the connection between
some of the biochemical markers (hsCPR and leptin) specifically with
the presence of fat mass, both in prepubertals and pubertals, indepen-
dently of the lean mass present, and regardless of how body composition
was measured. We also observed that those pubertal individuals with
higher TMI and WC had higher TNF-a levels. Finally, higher TMI, FMI
and WC were observed to have lower resistin levels, in pubertal
individuals.

Nutritional status according to BMI was similar in both genders in the
prepubertal stage, with about half of the sample being normo-weight
and the other half overweight or obese. However, at the pubertal
stage, girls showed a major difference, with almost two thirds of them
having overweight or obesity. It could be assumed that the majority of
girls at this pubertal stage are already in a Tanner stage II and III,
something that can be reflected in their increased body fat (significative
in the FMI) and in the HOMA-IR. These parameters were higher



E. Skapino et al.

z-BMI
z-TMI
z-LMI
z-FMI
z-WC

z-VAT

z-BMI
z-TMI
z-LMI
z-FMI
z-WC

z-VAT

hsCRP in Prepubertals

-

-

Nutrition, Metabolism and Cardiovascular Diseases xxx (Xxxxx) Xxx

hsCRP in Pubertals

o
Regression coefficients and confidence inter vals 2.5%-97.5%

Leptine in Prepubertals

-

-

z-BMI —.—

z-TMI —

z-LMI —_—

z-FMI —_—

z-WC —a

z-VAT —a

Leptine in Pubertals

z-BMI -
z-TMI —a—
z-LMI —_—
z-FMI —_—
z-WC -
z-VAT —

-5 o 5 10
Regression coefficients and confidence inter vals 2.5%-97.5%

-5 o 5 10
Regression coefficients and confidence inter vals 2.5%-97.5%

Fig. 2. Matrix of forest plots of the clinical and DEXA adiposity indicators in association with hsCRP and Leptine blood biomarkers, according to pubertal stage.
Regression coefficients and confidence interval displayed. For the hsCRP plots, x-axis [-5,5] confidence interval range displayed; for the Leptin plots, [-25,25].
Confidence intervals [2.5%-97.5 %] range displayed. Abbreviations: z-BMI (z-score body mass index); z-TMI (z-score triponderal mass index); z-LMI (z-score lean
mass index); z-FMI (z-score fat mass index); z-WC (z-score waist circumference) and z-VAT (z-score visceral abdominal fat).

Table 3
Linear regression analysis of leptin, resistin and adiponectin, according to body composition indices stratified by pubertal stages.
Prepubertal Pubertal
i} Adjusted R? P i} Adjusted R? P

Adiponectin (mg/L)" (n = 254) (n=123) (n=131)
z-BMI —0.483 0.007 0.171 —0.480 0.002 0.242
z-TMI —1.099 0.010 0.13 —0.955 0.009 0.139
z-LMI —0.796 —0.006 0.606 —1.097 0.003 0.228
z-FMI —0.361 —0.007 0.814 0.282 —0.007 0.757
z-WC -1.118 0.010 0.133 —0.894 0.007 0.157
z-VAT —1.098 0.009 0.145 —0.750 0.003 0.235
Leptin (pg/L)" (n = 249) (n=118) (n=131)
z-BMI 3.986 0.379 <0.001 6.412 0.601 <0.001
z-TMI 8.109 0.374 <0.001 9.525 0.535 <0.001
z-LMI —1.572 —0.005 0.551 —2.099 0.005 0.191
z-FMI 13.811 0.233 <0.001 8.296 0.200 <0.001
z-WC 8.436 0.377 <0.001 9.340 0.537 <0.001
z-VAT 9.381 0.457 <0.001 8.615 0.457 <0.001
Resistin (ug/L)" (n = 253) (n=123) (n=130)
z-BMI 0.977 0.006 0.19 —2.100 0.019 0.059
z-TMI 0.998 —0.004 0.516 —-3.769 0.028 0.029
z-LMI —1.521 —0.006 0.641 3.425 0.007 0.161
z-FMI 5.133 0.012 0.112 —4.873 0.023 0.045
z-WC 0.006 —0.008 0.997 —3.743 0.029 0.028
z-VAT 1.752 0.001 0.272 —2.180 0.005 0.201

Legend: Due to strong collinearity, the z-LMI and z-FMI are represented by the residuals of a previous association of the LMI's effect on FMI and vice versa. Abbre-
viations: z-BMI (body mass index z score); z-FMI (fat mass index z-score); z-LMI (lean mass index z-score); z-TMI (triponderal mass index z-score); z-VAT (visceral

adipose tissue z-score) and z-WC (waist circumference z-score).

# Considered as dependent variable in separate models for each independent variable (i.e., z-scores of BMI, TMI, LMI, FMI, WC and VAT).

compared to boys, as at this age it is usual for boys to be at Tanner stage I
or IL

The results obtained are in accordance with what is described in the
scientific literature. Gender differences in body composition prior to
puberty are modest compared with post-pubertal differences [21].

Nevertheless, while lean mass shows similar patterns between genders
during mid-childhood, boys tend to accumulate approximately 1 kg
more absolute Fat-Free Mass (FFM) than girls before entering puberty
[22]. During adolescence, girls typically experience an annual increase
in absolute Fat Mass (FM) of about 1.14 kg, whereas boys tend to
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Fig. 3. Forest plots of the clinical and DXA adiposity indicators in association with leptin, according to pubertal stage. Regression coefficients and confidence interval
2.5%-97.5 %. Displayed (x-axis, [-20,20] confidence interval range). Abbreviations: z-BMI (z-score body mass index); z-TMI (z-score triponderal mass index); z-LMI
(z-score lean mass index); z-FMI (z-score fat mass index); z-WC (z-score waist circumference) and z-VAT (z-score visceral adipose tissue z-score.

maintain a relatively stable absolute FM. With the onset of puberty,
males typically exhibit an accelerated rate of lean mass gain [21].
However, our sample of pubescent males shows no significant difference
in lean mass compared to girls in terms of body composition.

HOMA-IR is a well-established marker for insulin resistance, which
has high specificity and sensitivity in pubertal adolescents with obesity
[23]. During puberty there is a physiologic decline in insulin sensitivity
and in our study the fat excess present in pubertal girls, may be also
contributing to the higher insulin resistance. In the HELENA Study, the
fat mass was strongly associated with the HOMA-IR values in European
adolescents both normal weight or overweight [24].

All body fat composition indicators were positively associated with
the inflammatory protein hsCRP both in prepuberty and puberty. Many
large scale population studies have reported significant associations for
hsCRP and body fat in both healthy and overweight and obese children
and adolescents [24,25]. Also, in a large sample of young Italian subjects
(18-21 years), the healthy overweight/obese group presented an
increased fat mass and higher hsCRP circulating compared to the
healthy lean group [26]. In a study conducted by Skinner et al. [27], that
analyzed data from the NHANES, years 1999-2006 in children and ad-
olescents (1-17 years old), hsCRP was strongly and positively associated
with increasing weight status, and this relationship started as young as
age 3. Similar to our study, Christaki et al. performed a study in Greece,
with pediatric patients between 5 and 15 years old. They found that
hsCRP strongly correlated with fat mass percentage [28]. In our study,
the strongest association of hsCRP was with the abdominal fat (VAT)
determined by DXA in both age groups, which was stronger than
abdominal fat measured by WC. DXA has shown to be one of the most
reliable tools to assess VAT in children. High deposition of VAT is
associated with metabolic syndrome and cardiometabolic risk factors
from early stages in an individual’s life course [8]. On the other hand, in
our study VAT did not show association with TNF-a values, but fat
determined by WC and by the TMI indicator did show association with
this inflammatory biomarker in both stages of sexual maturation. Other
studies also showed a positive relationship between TNF-o and over-
weight or obesity [25]. However, the AVENA study did not find a sig-
nificant correlation between TNF-a and body composition variables
[29]. IL-8 is a proinflammatory cytokine that did not show association
with fat mass in our study. IL-8 was found elevated in adults with obesity
[30]; however, in children and adolescents the results are controversial.
Herder et al. found no association between IL-8 and BMI and a weak
inverse association with WC in German adolescents [31]. Tam et al. did
not find significant differences in IL-8 levels between normal weight and
overweight children at 8 years old; however, at the age of 15, girls with
overweight and obesity (who were normal weight at 8) had higher levels
of this proinflammatory cytokine [32].

Adiponectin is one of the main cytokines produced by adipose tissue.
A reduced level of adiponectin has been reported in children with
obesity, compared to normal weight control subjects. It showed an in-
verse correlation with WC, suggesting that visceral adipose tissue had a
central role in reducing circulating levels of adiponectin [33]. In our
study, we found an inverse correlation between adiponectin serum
levels and body compartments, both fat and lean. However, the associ-
ation was not statistically significant.

Leptin, an adipokine which is increased with obesity, was higher in
the pubertal females of our sample, compared to the pubertal males. In
prepubertal children, leptin concentrations gradually increase with age
and show no sexual dimorphism. Later in puberty, leptin concentrations
decrease in males and increase greatly in females leading to a striking
sexual dimorphism [21]. However, Lahlou et al. [34] found pubertal
females had increased serum leptin in both normo-weight and obese
adolescents. This observation is also consistent with the mayor presence
of overweight and obesity in the pubertal girls of our sample. All body
fat composition indicators were associated with leptin values, both in
prepuberty and puberty. The strongest correlation was in the pubertal
stage. A study carried out in Brazil [35], with adolescents, showed that a
greater proportion of variance in leptin concentration was explained by
BMI, fat mass percentage and gender. Mean serum leptin concentration
had a positive correlation with the pubertal Tanner stage in girls while
the circulating leptin levels decreased from Tanner I to V in boys. Similar
results were found in Portuguese children and adolescents [36], where
being girls and having greater BMI were significantly and independently
associated with increased serum leptin. The differences in leptin levels
between the pubertal stages and sex might be explained by the higher
testosterone levels in boys, which have a negative effect on leptin con-
centrations [37].

Resistin, another hormone derived from adipocytes, has a debated
role in metabolic disorders. It is thought to be involved in inflammatory
processes and has been associated with obesity and insulin resistance.
Current knowledge suggests that macrophages present in visceral white
adipose tissue primarily contribute to the circulating concentration of
resistin in adults with obesity [38]. Resistin-related studies in pediatric
populations are scarce and the results shown are controversial. How-
ever, our study showed a negative association between fat indicators and
resistin serum levels, being significant in the pubertal stage for FMI, TMI
and WC. A cross sectional study [39] showed lower concentrations of
resistin in central precocious puberty girls than in prepubertal and pu-
bertal girls with overweight and obesity. These resistin levels were in-
dependent of BMI and body fat percentage. In a Spanish population
[40], no significant differences in serum resistin concentrations were
observed between children with obesity, overweight, and normal weight
at any age, and no significant correlations were observed between
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resistin concentrations and weight or BML. In another study, carried out
in Germany, resistin levels showed a close correlation with pubertal
stage (p < 0.05) and age (p < 0.01) [41]. Further biomarkers relevant to
the topic, such as circulating fibroblast growth factor-21 (FGF21), and
other behavioral determinants not included in the present analysis have
also been studied in similar age populations, showing strong associa-
tions with metabolic related disturbances during early development
[421.

One of the strengths of this study is that as we had data of body
composition measured by DXA, we were able to specifically differentiate
fat mass from lean mass and attribute to each of them the corresponding
association with biochemical markers. The strong collinearity between
fat and lean mass lead us to use the residuals of the previous associations
between FMI and LMI, allowing us to better represent the differences
between one another more accurately in the regression models. Another
strength of this study was to integrate this type of biochemical data in
children, something not usually observed in the literature. Finally, the
results obtained in the present analysis showed significant associations
relating body composition DXA measurements and inflammation bio-
markers in a multicentric cohort of Spanish youth, a sort of population
scarcely studied in the literature. On the other hand, the study presents
some limitations. The present analysis was carried out in a subsample of
young individuals, not representative of the population participating in
the GENOBOX study. This approach could partly modulate the results
obtained due to the effect attributed to the sample size. Moreover, in the
pubertal stage, the presence of overweight and obesity was higher in
girls, something that may have conditioned the results. In this line, the
known adiposity and hormonal changes during puberty, and the bio-
logical mechanisms underlying these sex-specific differences could have
had a potential effect in the inflammatory status of the studied partici-
pants, thus, future research should be explored through longitudinal
studies, incorporating participants until the end of their puberty and
including body composition and inflammatory status. This way, we
could provide a more comprehensive interpretation of the results ob-
tained. Finally, we acknowledge the present analysis could benefit from
other potential confounders representing environmental or molecular
determinants which could influence in the results obtained.

In conclusion, the present study allowed us to confirm the positive
association between the inflammatory markers hsCRP and leptin with
all the body fat composition parameters, measured by both, standard
nutritional indicators and DXA, in both sexual stages. In the case of TNF-
a, the association was positive only for body fat measured by TMI and
WC indicators, also in both sexual stages. Resistin showed a negative
association with fat compartments in the pubertal stage, adding another
result to the existing controversial research on the subject. The present
study provides data on inflammatory biomarkers in prepubertal chil-
dren, a population that has been scarcely studied. The association be-
tween the inflammatory biomarkers and fat mass in this study, showed
the presence of risk factors for the development of cardiovascular and
other metabolic diseases in their future life. In the light of these results,
it would be important to deepen in further research.
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