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Abstract

Background: The association of spontaneous mil-to-moderate physical activity with glucose tolerance in children has not
been clearly demonstrated.

Objective: we aimed to assess the association of sedentarism and different levels of physical activity with glucose metabolism
alterations in pediatric obesity.

Methods: We studied 78 pediatric patients referred to our center with obesity and at least one parent having the metabolic
syndrome, divided into quartiles of weekly physical activity, according to a seven-day recall questionary. The first quartile
included children who performed less than 4 h of weekly activity, the second, children with 4 to 8 h, the third, children with
8 to 14 h of weekly activity and the fourth quartile, children who did more than 14 h a week. We analyzed fasting samples for
glucose, insulin, adiponectin, and myostatin. We performed oral glucose tolerance tests for whole-body, muscle and hepatic
insulin sensitivity, oral-glucose disposition index, and dual X-ray absorptiometry for body composition.

Results: We found that more active patients in the upper quartile had lower blood pressure, lower trunk adiposity, and higher
lean appendicular mass. In contrast, patients in the lower quartile showed higher fasting and two-hour glycemia, lower whole
body, muscle and hepatic insulin sensitivity, lower oral-glucose disposition index, lower adiponectin, and increased myosta-
tin levels. An adiponectin/myostatin ratio cut-off of <43.5 identified patients likely to have glucose alterations (ROC: 0.70, p
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<0.01). The probability of having glucose metabolism disturbances, whether impaired fasting glucose, glucose intolerance or
diabetes, was higher in patients within the lower quartile of weekly physical activity (OR:8.87; p <0.002).

Conclusions: Our findings indicate that, in pediatric patients with obesity, the decrease of sedentary time and the develop-
ment of not only scheduled but spontaneous mild-to-moderate physical activity, such as walking or playing outdoors, may

have a role in preventing glucose metabolism alterations and type 2 diabetes.
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Introduction

Obesity in the pediatric age is one of the crucial health
problems of the 21st century that displays an increasing prev-
alence, even in the low-income regions of Latin America. Its
complications appear early in children with a family history of
diabetes, hypertension, or metabolic syndrome [1-5] and prog-
ress quickly in adolescents [6,7]. An increase of adipose tissue
with altered compartmentalization (8), ectopic fat cluster, met-
abolic syndrome [2,9-12], hepatic steatosis [13,14], alteration
of adipokines levels and markers of inflammation [10,15,16]
constitutes a risk phenotype [17]. Moreover, in the pediatric age
a sedentary lifestyle has emerged as one important risk factor,
independent of the amount of physical activity performed [18],
and this has been evident during COVID-19 pandemic lockdown
[19]. A systematic review [20,21] concluded that sedentarism is
associated in a dose-dependent manner with an increased car-
diovascular risk, components of the metabolic syndrome, im-
paired body composition, and low self-esteem with decreased
academic performance; however, its relationship to blood glu-
cose disturbances in children and adolescents with obesity has
not been well established. Sedentarism appears to be related to
variations in the levels of myokines [22] produced by muscle tis-
sue according to its state of contractility and inflammation [23],
and an alteration of metabolic flexibility, such as the body’s ca-
pacity to adapt the oxidation of substrates to variations in their
availability and energy demand [24]. Furthermore, a sedentary
lifestyle is accompanied by metabolic inflexibility, increased de-
pendence on glucose as an energy substrate, and lower lipid oxi-
dation, favoring the ectopic deposit of fat, insulin resistance, and

glucose intolerance [25].

On the other hand, the benefits of physical activity on
cardiovascular risk in adults is widely known, including its abili-
ty to prevent the development of type 2 diabetes [26,27] but this
fact has not been clearly demonstrated in the pediatric popula-
tion [28]. In adolescents with type 2 diabetes, the glycemic re-
sponse to lifestyle changes is scarce [29,30], and low adiponectin
predicts early therapeutic failure with early insulin requirements
[31].

The present work aims to assess the association of a
sedentary lifestyle and different levels of physical activity with
several pediatric health indicators, with an emphasis on glucose
metabolism and diabetes risk in children with obesity. For this,
we analyzed the differences in body composition, insulin sen-

sitivity, oral-glucose disposition index, and plasma levels of fat

and muscle signaling molecules in obese children from Argenti-

na with a parental history of metabolic syndrome.
Methods

Population

The study was conducted in the Endocrinology Service
of Humberto Notti’s Pediatric Hospital from Mendoza, Argen-
tina, between July 2018 and June 2019. We included a random
sample of patients referred to our center for obesity treatment,
age 5 to 15 years, who had one or both parents with trunk adipos-
ity and two of the other components of the metabolic syndrome
(hypertension or permanently taking drugs for lowering blood
pressure, glycemia greater than 5.5 mmol/L, HDL-cholesterol
lower than 1.03 mmol/L in men or 1.29 mmol/L in women, or
triglycerides higher than 1.7 mmol/L). Out of a total of 293 pa-
tients evaluated, 78 met the inclusion criteria and were enrolled
into the study. This number was expected given the prevalence of
27 % of metabolic syndrome in our adult population and it was
similar to the sample size obtained bv the formula for hypothe-
sis tests and mean comparison: n = 2 (Za + Z§)*. 5% /d*= 72,
considering Z:1.96, Zﬁ:1.645, a standardized effect size d = 0.3
mmol/L and a variance S of 0.5 mmol/L for post-load glycemia
based on previous data in our center. We selected children aged
5 to 15 years because scheduled physical activity starts from 5
years old in our country. Children with secondary obesity and
those who developed an acute intercurrent disease or received
treatments capable of altering insulin sensitivity in the previous

three months were excluded.
Clinical variables

We recorded: age, sex, age at obesity onset, stage of pu-
bertal development (prepubertal Tanner 1 and pubertal Tanner
[2-5], BMI z-score according to the World Health Organization
(https://www.who.int/growthref/tools/en/), blood pressure per-
centiles for age, height and sex according to the TASK Force Ta-
bles [32]. Based on a previously validated seven-day recall ques-
tionary [33], total hours of spontaneous and scheduled weekly
activity (walking, outdoor games and sports) were quantified,
and patients were divided into quartiles. The first quartile includ-
ed sedentary children whose activity was less than 4 hours per
week, mild active patients who developed between 4 to 8 hours
of physical activity constituted the second quartile, whereas the
third quartile included active children who did 8 to 14 hours of
total physical activity weekly, and the last quartile, highly active
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patients who performed more than 14 hours per week of phys-
ical activity. According to a recent systematic review, it was re-
corded the total up-time without considering the intensity of the
physical activity expressed in METs [21]. We also quantified the
sedentary time per day (in the lying / sitting position), and the
circumference of the umbilical waist, calculating the waist-to-
height =

proposed by Matthews [35].

During the oral glucose tolerance test, with an overload
of 1.75 g/kg body weight up to 75 g, we determined plasma glu-
cose and insulin at 0, 15, 30, 60, 90, and 120 minutes, and their
respective areas under curves (AUC) with the trapezoid formula.

We calculated Matsuda’s whole-body insulin sensitivity index

WEBISI = 10000 =,/ fasting blood glucose x fasting insulin % mean 15 — 120 minutes blood glucose

* mean 153 — 120 minutes insulin

LI.= insulin 15 — 120 minutes + blood glucose 15 — 120 minutes

0 — GDI = WEBIST x I. 1L

Densitometric variables

We determined the body composition of all participants
by dual X-ray absorptiometry (DXA), a method of known preci-
sion and accuracy to assessing body fat and lean tissue proportion
and distribution. We followed the guidelines of the International
Society for Clinical Densitometry (50) for patient preparation and
positioning, and data acquisition. Precision was 1.7 % for whole
body fat mass, 1.5 % for whole body lean mass and 1.1 % for whole
skeleton bone mineral content. We used the EnCore 17 pediatric
software provided with the GE Lunar Prodigy Advance densitom-
eter. For avoiding bias, all measurements were performed by the
same qualified technician. We quantified total and regional fat and
lean mass and calculated ponderal trunk fat mass index (P Tr-FMI
= truncal fat tissue in kilograms / height in meters’), ponderal ap-
pendicular lean mass index (P Ap-LMI = appendicular lean tissue
in kilograms / height in meters’), and total lean / fat ratio (lean

tissue in kg / fat tissue in kilograms).

Biochemical variables

In plasma, we determined: fasting glucose by a hexoki-
nase method, insulin by solid phase enzyme-labeled chemilumi-
nescent immunometric assay (IMMULITE 2000XPi, Siemens
Healthcare Diagnostics Products Ltd, UK), myostatin (R&G Sys-
tems Inc, USA) and adiponectin levels by ELISA (DRG Instru-
ments GmbH, Germany). Hepatic transaminases and c-reactive
protein were measured with the same Clinical Chemistry Ana-
lyzer (Cobas 501, Roche Diagnostics GmbH, Mannheim, Ger-
many). We calculated the triglycerides / HDL-cholesterol ratio,
the glutamate pyruvate transaminase / glutamate oxaloacetate
transaminase ratio (GPT / GOT) as a marker of hepatic steatosis,
HOMA-IR as a marker of insulin resistance and HOMA-%Beta

as a marker of fasting insulin secretion according to the formulas

(WBISI) as a marker of global insulin sensitivity [36], insulino-
genic index (L.I.) as a marker of insulin secretion, and the oral
glucose disposition index (O-GDI) as a marker of diabetes risk
[37] with the following formulas:

We also calculated hepatic insulin resistance (H-IR)

and muscle insulin sensitivity (M-IS) according to DeFronzo’s

H —IR = AUC glucose 0 — 30 x AUC insulin 0 — 30

M —I5 = A glucose = A titme =+ mean insulin

where AUC glucose 0-30 and AUC insulin 0-30 corre-
spond to the areas under the curves from 0 to 30 minutes ob-
tained with the trapezoid formula, D glucose is the variation
between blood glucose in the peak and the nadir of de OGTT,
and D time is the interval elapsed between those values. We de-
fined impaired fasting glucose (IFG), impaired glucose tolerance
(IGT), and diabetes according to the American Diabetes Associ-

ation diagnostic criteria [39].
Statistical analysis

Statistical analysis was performed with MedCalc® ver-
sion 11.6.1 program. Kolmogorov-Smirnov tests were run for all
data sets to check whether the distribution departed from the
normal one. Variables with normal distribution are expressed
as arithmetic mean + standard deviation (SD), while non-para-
metric variables, as median or geometric mean [IC-95%]. Data
analysis included Student’s t-tests, analysis of variance (with log-
arithmic transformation for not normally distributed variables)
followed by Tukey’s HSD test, Fisher’s exact test, chi-squared test,
correlation coefficients and multiple regressions. Odds Ratios

were calculated to quantify the probability of finding alterations
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in glucose metabolism for the different quartiles. ROC analysis
was used to find an adiponectin / myostatin cut-off value for glu-

cose metabolism alterations. Values of p < 0.05 were significant.
Ethics statement

Each parent and patient included in this study signed
informed consents. The Humberto Notti Hospital Ethics Com-
mittee on Research approved the working protocol (Resolution

number #9/2018).

Results

Table 1 shows the interquartile differences in clinical
and densitometric variables, according to the weekly amount of
physical activity. There were no significant differences in age, sex,
puberty or BMI-z score between groups. Patients of the lower
quartile had a long history of overweight and did not develop
spontaneous physical activity at all. They also engaged in less
scheduled activity and remained two or more hours a day in a
sitting / lying position regarding the other quartiles. On the con-
trary, the most active patients in the fourth quartile of physical
activity had significantly lower systolic and diastolic blood pres-
sure percentiles, lower waist-to-height ratio, lower DXA-trunk

adiposity, higher lean / fat ratio, and higher lean appendicular

Table 1: Clinical and densitometric characteristics according to quartiles of activity. Patients in the fourth quartile of physical activity have a

lower blood pressure, lower trunk adiposity and a higher appendicular lean mass. PA: physical activity, SBP and DBP: systolic and diastolic

blood pressure, PTr-FMI: ponderal trunk fat mass index, PAp-LMI: ponderal appendicular lean mass index, * 1* vs 4* quartile, ® 1*-2" vs

314 quartile

1** Quartile 27 Quartile 37 Quartile 4™ Quartile

(n) (20) (21) (18) (19) P

Age (years) 11.1+ 24 9.7+ 2.7 10.7 + 2.5 102+ 2.1 0.273
Female / Male 13/7 11/10 9/9 5/14 0.108
Prepubertal / Pubertal 7/13 12/9 10/8 9/10 0.482
z-BMI 2.88 £0.96 3.23+£1.99 2.73£1.10 2.45+1.00 0.351

Overweight  (years) 8.5 [4.0-10] 4.4 [2.5-6.2] 4.6 [2.4-6.0] 4.3 [2.6-6.0] 0.038
Sedentary time (h) 20.3£2.0 18.8+1.8 18424 179+ 2.1 0.005
Spontaneous PA (h) 0.0 [0.0-1.0] 4.2 [3.6-5.8] 6.0 [1.4-9.6] 15.7[14-20] 0.001

Programmed PA (h) 1.2 [0.1-2.0] 1.0 [1.0-1.0] 3.8 [2.0-7.6] 2.0 [1-3.6] 0.001

SBP (mm Hg) 105+ 10 100 + 11 100 + 15 97 £11 0.02*

Percentile 51 [41-72] 48 [40-69] 46 [40-65] 42 [38-48] 0.02°

DBP (mm Hg) 65+7 6311 65+ 12 61+8 0.056
Percentile 75 [48-75] 65 [48-75] 74 [46-85] 49 [47-59] 0.013*
Waist-to-Height 0.63 = 0.06 0.62 + 0.08 0.60 = 0.07 0.59 + 0.06 0.04*

PTr-FMI 83+ 25 8.5+28 75+24 69+1.5 0.039*
Total Lean/ Fat 1.3 [1.2-1.6] 1.2 [1.1-1.5] 1.4[1.2-1.6] 1.4 [1.3-1.6] 0.02°

PAp-LMI 4.3[4.1-4.6] 4.5[4.1- 4.9] 4.4[4.1- 4.8] 4.8(4.5- 5.3] 0.039*

mass, showing a healthier body composition.

In addition to the differences in body composition and
adiposity distribution, we also analyzed the fasting and post-load
metabolic variables in the four subgroups of patients (Table 2).
C-reactive protein and plasma lipid levels were similar (data not
shown). Sedentary patients in the first quartile had a higher GPT
/ GOT ratio (1.08 £+ 0.34 vs. 0.86 £ 0.25; p < 0.05 first vs the
fourth quartile) suggesting hepatic steatosis. They had higher
fasting and 120 minutes plasma glucose (5.5 = 0.3 vs. 5.2 = 0.2
and 6.9 [6.4 - 7.5] vs. 5.6 [5.2 - 6.0] mmol/L, respectively; p <

0.05 first vs the fourth quartile), with a bigger area under the glu-
cose curve. They showed higher HOMA-IR, lower whole body
insulin sensitivity (WBISI) (2.5 [1.9 - 3.6] vs. 3.8 [2.6 — 5.6] first
vs. the fourth quartile; p < 0.05), lower muscle insulin-sensitivity
(Muscle-IS) and higher liver insulin-resistance (Liver-IR). They
also had lower adiponectin and increased myostatin plasma lev-
els. The adiponectin / myostatin ratio (Figure 1) was lower in
patients with sedentarism, and a cut-off value of 43.5 identified
the pediatric patients with obesity likely to have alterations in
glucose metabolism, whether impaired fasting glucose, impaired
glucose tolerance or diabetes (ROC: 0.70 [0.55-0.80]; sensitivity

JScholar Publishers

J Obes Metab Dis 2024 | Vol 1: 103



Table 2: Metabolic characteristics according to quartiles of weekly activity. Patients in the first quartile, with a lower oral disposition index,
have an increased risk of glucose disturbances. Min: minutes, AUC: area under the curve, GDI: glucose disposition index, WBISI: whole
body insulin sensitivity index, AD/MT: adiponectin/myostatin ratio, IS: insulin sensitivity, IR: Insulin resistance, O-GDI: oral glucose
disposition index, IFG: impaired fasting glucose, IGT: impaired glucose tolerance, DM2: type 2 diabetes mellitus, * 1¢ vs 4" quartile, ® 1*
vs 314-4™ quartile, © 19 vs 27-4% quartile, ¢ 19-2" vs 4" quartile, © 1%-27 vs 31-4™ quartile

(n) 1* quartile 2m quartile 3" quartile 4" quartile p
(20) 1) (18) (19)
Glycemia mmol/L |5.5+0.3 53+ 0.3 52+ 0.3 52+ 0.2 0.04°
120minGlucose|6.9 [6.4-7.5] 6.1 [5.5-6.7] 6.4 [5.7-7] 5.6 [5.2-6.0] <0.01¢
mmol/L
Glucose AUC 893 [820-971] 848[808-890] 835[788-885] 795 [756-837] 0.02*
Insulin AUC 9757 10510 7809 6490 0.02¢
[7751 - 12281] [8043-3734] [6257 — 9746] [5186 — 8122]
Adiponectin  ng/| 20647+ 11573 22005+ 9398 33046+19087 33908+ 15306 0.018
mL
Myostatin pg/mL |826.2 + 332.5 722.6 +345.0 756.5 + 268.7 608.3 +214.7 0.036*
AD/MT 20.8 [17-43] 38.2 [16-46] 41.4 [22-81] 60.3 [27-101] 0.02°
HOMA- IR 3.1([2.3-4.1] 2.9[1.9 - 4.4] 2.5[1.8 - 3.3] 2.0 [1.3 - 3.0] 0.05¢
WBISI 2.5[1.9-3.3] 2.6 [1.9 - 3.6] 3.3 [2.6 - 4.3] 41[3.0-5.6] 0.04°
Muscle-IS 7.81[5.5-11.1] 7.4[4.0- 13.6) 9.3[5.2- 16.4] 13.4[9.5-18.7] 0.03¢
Liver-IR 76.6 76.0 59.9 50.6 0.019¢
[67.2-93.8] [63.8-140] [44.1-86.4] [41.8-89.5]
O-GDI 1.5[1.3-1.8] 1.8 [1.5-2.1] 1.7 [1.5 - 1.9] 1.9 [1.6 -2.2] 0.04*
IFG /IGT / DM2 10/1/2 3/2/0 1/1/0 2/0/0 0.002
1000003 8 10 4 L
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Figure 1: Adiponectin (A) and whole-body insulin sensitivity index (B) increase with weekly h of activity, while myostatin levels (C) decrease.
The adiponectin/myostatin ratio (D) is lower in less active patients.; * p < 0.05. Y axes in logarithmic scale, except for myostatin. 1% Q, 2™ Q,
3" Q and 4™ Q: first, second, third and fourth quartiles (Q)
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80.6; specificity 50.2; p < 0.01).

We specially analyzed diabetes risk among the different
subgroups. There were no differences in oral glucose disposition
indexes (O-GDI) regarding sex (1.79 + 0.49 in boys vs. 1.77 +
0.50 in girls; p = 0.844) but, despite showing a bigger area un-
der the insulin curve, patients from the first quartile had lower
O-GD], indicating a higher risk of developing diabetes com-
pared to the other quartiles (Figure 2). Also, the probability of
having an alteration in glucose metabolism, whether impaired
fasting glucose, glucose intolerance or diabetes, was higher in
patients within the lower distribution of weekly physical activity
(OR: 8.87; p < 0.002, 1st-2nd vs. 3rd-4th quartiles), and it was
also more common to find in this group a 120 minutes glycemia
above 6.7 mmol/L (OR: 12.75; p < 0.005).

Whole body insulin sensitivity index and the in-

sulinogenic index (Figure 3) displayed a hyperbolic rela-

tionship, (r = - 0.884, p < 0.001) according to the formula:

log{l.1.}) = 0.202 + b = log{WBISI), where b = -1.12 (95%CI
-1.27 to -0.98). WBISI also displayed a direct correlation with
muscle insulin sensitivity (r: 0.65; p < 0.001), with adiponectin
(r: 0.43; p < 0.001), and an inverse correlation with HOMA-IR
(r: -0.93; p < 0.001) and with hepatic insulin resistance (r: -0.75;
p< 0.0001). Adiponectin levels showed an inverse relationship
with waist-to-height ratio (r: -0.47; p < 0.001) but, in contrast,
myostatin did not show any correlation with the amount or dis-
tribution of fat tissue. Instead, it showed a positive correlation
with age (r: 0.45; p < 0.001), pubertal stage (p: 0.40; p < 0.01),
and HOMA-IR (r: 0.33; p < 0.01), and a negative correlation with
adiponectin (r: -0.47; p < 0.001), WBISI (r: -0.38; p < 0.01), and
the oral glucose disposition index (r: -0.39; p < 0.005), suggesting

2.5 S
1st Q
2nd Q
2.0 - 3rd Q
4th Q
1.5 -
1.0 -
0.5 -
0.0 -

glycemia

glycemial20min

O GDI

Figure 2: Patients in the first quartile, who develop up to 4 h of weekly physical activity, have a lower oral glucose disposition index, with

higher fasting and 120 min plasma glucose (*p < 0.05; **p < 0.01). Glycemia 120 min.: plasmatic glucose at 120 min of OGTT; O-GDI:

oral glucose disposition index. 1 Q, 2™ Q, 3™ Q and 4" Q: first, second, third and fourth quartiles (Q) of weekly physical activity. Y axis

expresses glycemia in grams/liter and GDI units
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Figure 3: Hyperbolic relationship between Insulinogenic Index (I.I.) and Whole-Body Insulin Sensitivity Index (WBISI). The pa-

tients in the lower distribution of the hyperbola have an increased diabetes risk

that diabetes risk increases with myostatin levels.

In a multiple regression model that included potential
factors with influence on total body insulin sensitivity, the main
positive predictors were muscle sensitivity, the amount of week-
ly physical activity, and the adiponectin / myostatin ratio, while
hepatic insulin resistance was a negative predictor (Table 3). In
other two multiple regression models that included factors with
known influence on glucose metabolism, the main positive pre-
dictors of fasting plasma glucose were age and HOMA-IR, while
the main negative predictors were birth weight, the number of
hours spent in weekly physical activity, and HOMA-%Beta (Ta-
ble 4). On the other hand, the main negative predictors of plasma
120 minutes glucose (Table 5) were the weekly hours spent in
total activity, the time elapsed for the decrease in blood glucose
from the peak of the OGTT to the nadir and the oral glucose
disposition index. The amount of weekly physical activity was

an important determinant of fasting and two-hour glucose. Each

hour of weekly performed physical activity was associated with a
decrease of 0.1 mg/dL (0.0055 mmol/L) of fasting plasma glucose
and 0.9 mg/dL (0.05 mmol/L) in 120 minutes glucose. Notably,
the other factors that influenced fasting glycemia did not equally
affect 120 minutes plasma glucose and vice-versa. The fact of do-
ing more than 4 hours per week of total activity had an impact on
the adiponectin / myostatin ratio, muscle insulin sensitivity, and
120 min plasma glucose. A minimum of 8 hours impacted trunk
adiposity ponderal mass, hepatic insulin resistance, and fasting
plasma glucose. Finally, being active for more than 14 hours per
week was reflected in an increase of lean appendicular mass, dis-
played a beneficial association with systolic blood pressure, and

the oral glucose disposition index.

Altogether, these results show the association of the de-
velopment of usual spontaneous and scheduled physical activity
with healthier cardiometabolic parameters and, above all, the
association of sedentary habits with insulin resistance, glucose

metabolism alterations and diabetes risk in children with obesity,
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Table 3: Determinants of whole-body insulin sensitivity. Weekly physical activity time (h) and Adiponectin/Myostatin ratio are

positive determinants along with muscle insulin sensitivity, while hepatic insulin resistance is a negative one

Whole Body Insulin Sensitivity Index (WBISI)

Multiple correlation coeflicient 0.87
F 21.6
Significance level p <0.001
Independent Variables B-coefficient | partialr | p
(Constant) 3.817

Tanner -0.151 -0.44 0.144
Muscle insulin sensitivity 0.052 0.63 0.006
Hepatic insulin resistance -0.027 -0.69 0.001
Weekly physical activity (h) | 0.054 0.34 0.033
DXA-Lean/Fat ratio -0.243 0.27 0.547
Adiponectin/Myostatin ratio | 0.057 0.52 0.001

Table 4: Determinants of fasting glucose. Weekly physical activity is a negative determinant of fasting blood glucose, along with birth
weight and the insulin secretion index HOMA-%3, while age and HOMA-IR are positive determinants

Fasting glucose

Multiple correlation coeflicient 0.91

F 39.7
Significance level p <0.001
Independent Variables | B-coefficient | partialr |p
(Constant) 98.628

Age 0.401 0.21 0.010
Birth Weight -1.437 -0.28 0.013
Activity time (h) -0.105 -0.28 0.035
HOMA-IR 5.448 0.26 <0.01
HOMA-%b -0.119 -0.12 <0.01
Adiponectin -0.001 -0.22 0.267

Table 5: Determinants of 120 min glucose. Physical activity is a negative determinant of two h blood glucose along with oral glucose

disposition index O-GDI. Peak-nadir glucose time: time elapsed between the peak and the nadir of blood glucose in the OGTT

120 min glucose

Multiple correlation coeflicient 0.72

F 8.3
Significance level p <0.001
Independent Variables B-coefficient | partialr | p
(Constant) 169.3

Tanner 0.235 0.29 0.8955
Activity time (h) -0.943 -0.37 0.0158
Appendicular Lean/Fat 8.990 0.19 0.1321
Peak-nadir glucose time | -0.254 -0.24 0.0111
0O-GDI -28.915 -0.57 <0.001
Adiponectin -0.001 -0.01 0.0479
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probably related with increased plasmatic levels of myostatin.
Discussion

Sedentarism and cardiometabolic risk

International guidelines advise performing 60 minutes
per day of physical activity for children aged 5 to 17 years [40].
This recommendation leaves aside the remaining 23 hours a
day, which are relevant for children and adolescents with obe-
sity because they may be linked to sedentary habits or sponta-
neous movements and physical activity. A recent review [19]
showed that the restrictions imposed during Covid-19 lockdown
were accompanied with reduced movements out of the house
and a significant weight gain in children and adolescents, and
the weight changes were directly associated with limited or no
physical activity at all. Another systematic review [20] indicates
that both mild physical activity and decreasing any sedentary
behavior are associated with a lower cardiometabolic risk. An-
other study focused on the relationship between physical activity
measured by accelerometry and a metabolic syndrome score in
children [16] concluded that the amount of time spent on ac-
tivities of different intensity is unrelated to metabolic syndrome,
and that only moderate / vigorous physical activity (= 4 METs)
exerts a favorable effect on diastolic blood pressure, unrelated
to the other components. By the contrary, from the data shown
here, we infer that spontaneous mild-to-moderate physical activ-
ity significantly influences cardiometabolic health. Children of
the first quartile, with extreme sedentarism, who did not develop
spontaneous physical activity at all, have a higher trunk fat distri-
bution even without differences in BMI z-score, with decreased
lean / fat ratio in extremities. They also have higher myostatin,
lower adiponectin and lower adiponectin / myostatin ratio, along
with lower whole-body, muscle and hepatic insulin sensitivity,
these findings being consistent with a negative relationship be-
tween myostatin levels and insulin sensitivity. Remarkably, our
results show that the sedentary lifestyle added to trunk adiposity
affects pancreatic beta-cell compensation to insulin resistance
and increases the likelihood of developing diabetes, as indicat-
ed by the decrease in oral-glucose disposition index, a validated
predictor of diabetes risk in obese youth [6-7,37]. The results of
the present work show the potential harmful impact of a seden-
tary lifestyle on cardiometabolic risk in patients with obesity at
the pediatric age; however, in agreement with the conclusions of
an updated review (21), the risk may be reversible with lifestyle

changes.

There are several methods for evaluating the effects of
physical activity on the pediatric population, of which acceler-
ometry is the standard one. Among other alternative methods,
the quantification of the time spent in the development of phys-
ical activity, rather than its intensity in METs, has been previ-
ously used to assess its benefits on pediatric health [41]. Also,
interviewer-administered questionnaires, including the one used
in this work, have been validated in children and adolescents
[33,42,43]. Here, we quantified the weekly amount of total phys-
ical activity and separately recorded spontaneous and scheduled
ones, empirically estimating as mild-moderate the first, and
moderate-intense the last. Patients in the upper quartile, which
includes the most active children, get the maximum benefit on
cardiometabolic health by developing more than 15 hours of
spontaneous, one more hour of scheduled activity per week, and
remaining two hours less in the sitting or lying position per day.
Remarkably, the time spent in spontaneous mild-to-moderate
physical activity, such as walking or playing outdoors, was the

main difference between groups.

A recent study [44] that included 841 school-age chil-
dren, using a multivariate analysis, concluded that vigorous
physical activity has a strong correlation with a multiple health
score while moderate activity shows a weaker relationship, mild
activity is neutral, and sedentary time has an inverse relation-
ship. It should be noted that, contrary to the present work, the
score used by Aadland et al did not include blood glucose as a
variable. The results reported here agree with this previous study
in finding more obvious cardiometabolic benefits in more active
patients (less accentuated trunk adiposity, a more favorable body
composition, lower blood pressure and higher hepatic and mus-
cle insulin sensitivity). Unlike the previous study, our work high-
lights the beneficial association of physical activity with proper
glucose metabolism indicators in children and adolescents with
obesity, expressed by a higher oral glucose disposition index
along with a lower prevalence of glycemic alterations (impaired

fasting glucose, impaired glucose tolerance or diabetes).
Adiponectin, myostatin and insulin sensitivity

The higher plasmatic concentrations of adiponectin in
the most active quartile, associated with lower plasmatic concen-
trations of myostatin and the increase in the ratio between both,
allows us to suggest that muscle tissue, through its cross-com-
munication with adipose tissue, plays a direct beneficial role on

cardiometabolic health in children and adolescents with obesi-
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ty. Myostatin is the only myokine that decreases in response to
exercise and increases with a sedentary lifestyle. Its inhibition
stimulates muscle growth in a paracrine-autocrine way, while it
attenuates obesity and insulin resistance through its endocrine
action on lipolysis and mitochondrial oxidation in adipose tissue
and liver [22]. In addition, myostatin promotes the browning of
fat tissue through the activation of MAP-Kinase of muscle fiber
and the expression of irisin and other myokines [23]. The lower
levels of myostatin in the most active group may be responsible
for lower trunk adiposity, higher appendicular lean mass and
lower insulin resistance. Our findings indicate that the adiponec-
tin / myostatin ratio below a cut-off value of 43.5 would be a car-
diometabolic risk marker in pediatric obesity, but longitudinal

studies with a larger sample of patients are required.

Adapting to a high-fat or high-carbohydrate diet by
changing the use of substrates to obtain the same proportion of
macronutrients is critical to prevent weight gain. There is evi-
dence of early metabolic inflexibility in adolescents with obesity,
with a poor adaptive response to high-fat or carbohydrate diets,
which appears to be related to decreased levels of adiponectin
[45]. It has been previously shown that increasing the level of
physical activity is associated with improved metabolic flexibility
in young first-degree relatives of patients with type 2 diabetes
[46]. The benefits of physical activity over metabolic flexibility
in children with obesity are associated with a higher level of lipid
oxidation and insulin-stimulated glucose uptake during training
[47]. In this work, the differences found in fasting and 120 min-
utes plasma glucose and glucose disposition index between the
activity quartiles could be interpreted, at least in part, as due to
increased metabolic flexibility. The higher level of adiponectin in

the active groups is consistent with this hypothesis.

Physical activity level, body composition and cardiomet-
abolic risk

In one cohort study of 630 children with at least one
parent with obesity [48], the relationship between physical activ-
ity and insulin sensitivity was dependent on the percentage of fat
mass. In this work, the beneficial relationship of physical activ-
ity with cardiometabolic health is related to differences in body
composition, without differences in BMI-z score. The sedentary
time spent in the sitting or lying position is associated with trunk
adiposity while highly active patients of the upper quartile have
higher lean appendicular mass along with healthier cardiomet-
abolic parameters such as lower blood pressure, a higher insulin

sensitivity and a higher oral glucose disposition index. In the face

of our results, it would be possible to postulate that the benefit
of physical activity in pediatric obesity is related to body compo-
sition, through an increase in appendicular lean mass, and that
sedentary lifestyle acts through a metabolic inflexibility linked to

trunk adiposity and a lower adiponectin/myostatin ratio.

One weakness of the present work is the fact that we
didn’t consider participants’ dietary habits. However, in two
previous different publications carried out in our country by our
and another research team [9,34], no differences were found re-

lated to food consumption in children with or without obesity.

In summary, pediatric patients with obesity and a fam-
ily history of metabolic syndrome who develop spontaneous
mild-to-moderate physical activity have healthier cardiomet-
abolic parameters than those with sedentarism. Thus, children
who minimally exert four hours of physical activity per week
have higher adiponectin / myostatin ratio and muscle insulin
sensitivity, and lower post-load blood glucose. More than eight
hours of physical activity is linked to lower trunk adiposity, he-
patic insulin resistance, and fasting blood glucose. Finally, more
than 14 hours per week of spontaneous or scheduled physical
activity are associated with higher lean appendicular mass, lower
blood pressure, and lower risk of glucose disturbances expressed
as a higher glucose disposition index. We conclude that the de-
crease of sedentary time and the spontaneous development of
mild-moderate intensity physical activity, such as walking or
playing outdoor games, have a significant role in preventing al-
terations of glucose metabolism in pediatric obesity. Our results
support the notion that school programs that implement more
than four hours of physical activity weekly and health policies to
promote recreational outdoor activities for children and adoles-
cents, with the necessary care during the Covid-19 pandemics,
could reverse the growing trend in pediatric obesity and type 2

diabetes faced nowadays.
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