160

Boletin Médico del B

Hospital Infantil de México PERMANYER ’ '.) Check for updates

RESEARCH ARTICLE

Prevalence of metabolic syndrome in a Chilean pediatric
population with overweight and obesity

Cesar Osorio-Fuentealba'?, Eduardo Cifuentes-Silva®®, Stefanie Arce-Pardo’, Nicolas Acufia-Ordenes’,
Paulette Benavides-Ulloa’, Camila Neira-Saldivia’, and Mauricio Inostroza-Mondaca’**
"Department of Kinesiology, Universidad Metropolitana de Ciencias de la Educacién; 2Doctoral Program in Education, Universidad Metropolitana

de Ciencias de la Educacion; Faculty of Medical Sciences, Escuela de Kinesiologia, Universidad de Santiago de Chile; “Sports Medicine and
Physical Activity Unit, Hospital Dr. Exequiel Gonzalez Cortés. Santiago, Chile

Abstract

Background: Childhood obesity (OB) is a growing global concern, reflected in its increasing prevalence, and is one of the
main causes of metabolic syndrome (MS) development. Due to the epidemiological relevance and associated complications
of MS, it is necessary to conduct studies that provide local prevalence data. Our objective was to determine the prevalence
of MS and the association of its components in a pediatric population with overweight (OW), obesity (OB), and severe OB
(SOB). Method: This was a retrospective study. Data were collected from 122 participants, who were divided into three groups:
OW, OB, and SOB. Anthropometry, lipid profile, glycemic control, and blood pressure (BP) were analyzed to assess intergroup
differences and odds ratios (OR), along with a bivariate analysis. Results: The prevalence of MS was 40.1%. Triglycerides,
high-density lipoprotein (HDL) cholesterol and BP showed differences between the OW and SOB groups. Fasting insulin,
homeostatic model assessment (HOMA) index, systolic BP, and diastolic BP showed differences between the OW versus OB
and OW versus SOB groups. Differences in ORs for MS occurrence were observed between OW versus OB (4.3), OW ver-
sus SOB (25.71), and OB versus SOB (5.7). There was an association between waist circumference, waist-to-height ratio,
triglycerides, HDL cholesterol, systolic BP, fasting insulin, and HOMA index with the development of MS. Conclusion: The
results of this study reveal that, locally, MS is characterized by significant differences in metabolic and anthropometric varia-
bles depending on the degree of excess weight. In addition, relevant associations were identified between specific MS
components and OB severity, reinforcing the need for early diagnostic and preventive strategies in this population.
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Prevalencia del sindrome metabdlico en poblacion pediatrica chilena con sobrepeso
y obesidad

Resumen

Introduccion: La obesidad infantil es un problema reflejado en el aumento de su prevalencia global, y es una de las prin-
cipales causas de desarrollo del sindrome metabdlico (SM). Por la relevancia epidemiolégica y las complicaciones asocia-
das al SM, se hace necesario realizar estudios que entreguen una prevalencia local. Nuestro objetivo fue determinar la
prevalencia de SM y la asociacion de sus componentes en una poblacion pedidtrica con sobrepeso, obesidad y obesidad
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severa. Método: Estudio retrospectivo en el que se recolectaron datos de 122 participantes que se dividieron en tres grupos:
sobrepeso (S), obesidad (OB) y obesidad severa (OS). Se analizaron la antropometria, el perfil lipidico, el control glucémico
y presion arterial (PA), buscando diferencias intergrupo y la razén de momios (RM), ademas de un andlisis bivariado.
Resultados: La prevalencia del SM fue del 40.1%. Los triglicéridos, el colesterol HDL y la PA reflejaron diferencias entre los
grupos S y OS. La insulina en ayuno, el indice HOMA, la PA sistdlica y la PA diastdlica evidenciaron diferencias entre los
grupos S y OB y entre los grupos S y OS. Hubo diferencias en las RM para la aparicion de SM entre los grupos S y OB
(4.3), Sy OS (25.71),y OB y OS (5.7). Se hallé asociacidn entre la circunferencia de la cintura, la razon cinturalestatura, los
triglicéridos, el colesterol HDL, la PA sistdlica, la insulina en ayuno y el indice HOMA con el desarrollo de SM. Conclusion: Los
resultados de este trabajo revelan que, localmente, el SM se caracteriza por diferencias significativas en variables metabo-
licas y antropométricas segun el grado de exceso de peso. Ademads, se identificaron asociaciones relevantes entre compo-
nentes especificos del SM y la gravedad de la obesidad, lo que refuerza la necesidad de estrategias preventivas y de

diagndstico temprano en esta poblacion.

Palabras clave: Sindrome metabdlico. Salud publica. Obesidad pediatrica.

Introduction

Pediatric obesity (OB) is a global public health problem,
with prevalence increasing from 0.7% to 5.6% in females
and from 0.9% to 7.8% in males between 1975 and 2016".
A similar trend has been observed in Chile, with preva-
lence rising from 15.9% in 2011 to 31.0% in 20212. OB is
one of the primary factors contributing to the development
of metabolic syndrome (MS)?, whose worldwide preva-
lence ranges from 10.7% to 30.2% in the pediatric popu-
lation*. In Chile, the prevalence in the pediatric population
is 26.5%°. Although various expert panels have defined
different criteria for classifying the presence of MS, they
all consistently identify metabolic disruption by the alter
ation of four components: glucose metabolism, blood
pressure (BP), dyslipidemia, and abdominal OBE.

Interestingly, fasting glucose metabolism disruption is
not common in the pediatric population’. Conversely,
hyperinsulinemia and insulin resistance appear to play
a more significant role in the development of MS in this
population®. Therefore, due to the epidemiological rele-
vance and the multiple comorbidities associated with
MS, it is essential to conduct studies that provide a Latin
American perspective on the disease’s prevalence.
Thus, this study aimed to determine the prevalence of
MS and the association of its components, including
fasting insulin and the homeostatic model assessment
(HOMA) index, in the pediatric population with over-
weight (OW), OB, and severe OB (SOB).

Method

Participants

A retrospective study was conducted using anony-
mous data from the pediatric inpatients at the Sports

Medicine Unit of Hospital Dr. Exequiel Gonzélez
Cortés from July 2020 to July 2021. The inclusion cri-
teria were pediatric patients aged 7-17 years with OW
(body mass index by z-score [BMI-z] > 1 standard
deviation [SD] by sex and age), OB (BMI-z > 2 SD),
and SOB (BMI-z > 3 SD). The exclusion criteria were
genetic syndromes associated with OB (e.g., Prader-
Willi syndrome) and diseases not related to OB but
affecting metabolic parameters, such as type 1 diabe-
tes mellitus, primary dyslipidemias, and secondary
arterial hypertension.

Data from 122 participants (12.98 + 2.53 years;
69 female and 53 male) were collected and divided into
three groups: OW, OB, and SOB. Table 1 shows the
baseline characteristics of the participants and the
group divisions: OW versus OB versus SOB. The study
was approved by the Servicio de Salud Metropolitano
Sur Ethical Committee (code: 63-31082021) following
the Helsinki Declaration on ethical principles.

Measurements

METABOLIC SYNDROME DIAGNOSIS

We used Cook et al.® to diagnose MS. These criteria
include the following values: triglycerides > 110 mg/dL,
high-density lipoprotein (HDL) cholesterol < 40 mg/dL,
waist circumference (WC) = 90 percentile for
sex, age, and height, fasting glucose > 100 mg/dL, and
BP > 90 percentile for sex, age, and height. Participants
meeting three or more of these criteria were considered
to have MS. Fasting insulin and HOMA index values >
90 percentile for sex and age'® were used not as diag-
nostic criteria but to quantify abnormal values for these
variables.
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Table 1. Clinical characteristics of the sample and comparison of the dependent variables concerning

its nutritional state

Variable

Total sample
(n =122)

Overweight
(n=34)

(n=31)
OW versus | OW versus | OB versus
0 S0B S0B

Metabolic syndrome 40.1 11.7 36.8 714 - -
prevalence (%)

129 £25 13221 13.1£25 124 £29 0.66 0.20 0.31
Body weight (kg) 1M.7+222 57.5 + 12.1 7.7+113 87.3 + 28.6 0.0011 < 0.0001 0.0005
Height (cm) 154.7 + 13.1 153.1+£11.3  155.8 + 13.1 154.6 + 14.8 0.35 0.65 0.68
BMI (kg/m?) 292+58 242+23 289+ 32 36.1+6.5 < 0.0001 < 0.0001 < 0.0001
BMI-z (SD) 2407 15+0.3 25+02 34+03 < 0.0001 < 0.0001 < 0.0001
Waist circumference (cm) 81.7 £ 136 82.1+6.9 91.1 £9.7 103.7 £ 16.3 0.0002 < 0.0001 0.0029
WHTtR (points) 0.59 + 0.07 0.54 + 0.04 0.58 + 0.04 0.67 + 0.06 < 0.0001 < 0.0001 < 0.0001
Triglycerides (mg/dL) 1216 + 67.5 948 +459 1227 + 68.2 148.7 £+ 76.3 0.06 0.001 0.06
HDL cholesterol (mg/dL) 43.1 +10.0 453+ 11.3 438 + 8.7 39.5+10.3 0.60 0.0041 0.0073
Fasting glycemia (mg/dL) 945 + 12.6 939+938 96.3 + 16.0 919+ 6.5 0.45 0.65 0.22
Fasting insulin (mU/L) 29.0 + 21.5 194 +75 29.7 +16.7 36.9 + 31.8 0.0031 0.0008 0.46
HOMA index 6.7+54 45+ 18 7.0+43 84+79 0.0036 0.0036 0.64
Systolic blood 116.2 + 11.1 113189 1164 £11.2 119.4 + 12.4 0.07 0.0056 0.18
pressure (mm/Hg)
Diastolic blood 68.7 + 10.7 65.6 + 9.5 69.2 + 11.3 71.1 £ 10.6 0.04 0.02 0.54

pressure (mm/Hg)

HDL: high-density lipoprotein; HOMA: homeostatic model assessment OB: obesity group; OW: overweight group; WC: waist circumference; SD: standard deviation; SOB:

severe obesity group; WHtR: waist-to-height ratio.

ANTHROPOMETRIC

Weight and height were determined using a SECA®
beam balance and stadiometer. Based on the weight
and height measurements, BMI and BMI-z scores were
calculated. WC was measured using a non-stretchable
measuring tape'". The values used to determine per-
centiles by sex and age were collected from the study
by Fernandez et al.’> The waist-to-height ratio (WHtR)
was calculated using the height and WC values.

LiPID PROFILE AND GLYCEMIC CONTROL

Venous blood samples were collected after a fasting
period of 8-12 h at the Hospital of Dr. Exequiel Gonzélez
Cortés. Data from the venous samples were used to
calculate the lipid profile (triglycerides and HDL choles-
terol) and assess glycemic control (glycemia and insu-
lin). The HOMA index was calculated by dividing fasting
insulin (mU/L) by glycemia (mg/dL)/405.

BLoOD PRESSURE

A sports medicine professional measured BP on an
outpatient basis using equipment appropriate for the
patient'’s arm length and age, following the protocol by
Flynn et al.™ The obtained data were classified by sex,
height, and age, according to the normative values pro-
vided in the clinical guidelines for the diagnosis and
management of high BP in the pediatric population.

Statistical analysis

The normality of the sample was assessed using the
Shapiro-Wilk test. A one-way analysis of variance was
conducted to determine differences in the dependent
variables among the OW, OB, and SOB groups. A X2
test was used to determine the odds ratio (OR) for the
MS variable in these groups. A Student’s t-test was
performed for the bivariate analysis to identify associa-
tions between the components of MS and its
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Figure 1. Percentage of metabolic syndrome components occurrence for the total pediatric population sample.

development. Statistical analysis was performed using
PRISM 8.0 (GraphPad®, California), with statistical
significance set at p < 0.05. Data were presented as
mean + SD.

Results

PERCENTAGE OF MI'S COMPONENT OCCURRENCE

The MS component with the highest prevalence
(59.8%) was high WC, followed by abnormal values for
fasting insulin (52.9%) and the HOMA index (50%).
Triglycerides ranked fourth (48.4%), followed by HDL
cholesterol (43.4%). Fasting glycemia had the lowest
prevalence (3.3%). Figure 1 illustrates the occurrence
of MS components.

MS prevalence

The prevalence of MS in the sample (n = 122) was
40.1%. When separating the data by nutritional status,
the OW group (n = 34) had a prevalence of 11.7%, the
OB group (n = 57) showed 36.6%, and the SOB group
(n = 31) had a prevalence of 77.4%. No significant dif-
ferences in weight, height, and fasting glycemia were
found between the OW, OB, and SOB groups. However,
significant differences were observed between the BMI,
BMI-z, WC, and WHtR groups. Triglycerides and HDL
cholesterol showed significant differences between the
OW and SOB groups, whereas fasting insulin, the

HOMA index, and systolic and diastolic BP showed
significant differences between the OW versus OB and
OW versus SOB groups. Details for each variable are
presented in table 1.

MS OR

Significant differences in the OR for the development
of MS were found between the OW and OB groups (OR
4.3; 95% Cl 1.3-12.6; p = 0.014), OW and SOB groups
(OR 25.71; 95% CI 6.7-80.2; p < 0.0001), and OB and
SOB groups (OR 5.7; 95% Cl 2.1-14.5; p = 0.0003).

Association between MS components and
MS developing

The bivariate analysis showed an association between
WC (p < 0.001), WHtR (p < 0.001), triglycerides
(p < 0.001), HDL cholesterol (p < 0.001), systolic BP
(p = 0.0012), fasting insulin (p = 0.004), and the HOMA
index (p = 0.0007) and the development of MS. Fasting
glycemia alone did not show an association (p = 0.13)
with the development of MS. Details of the values for
each variable are presented in table 2.

Discussion

The study results showed an MS prevalence of 40.1%
among all participants. The prevalence differed accord-
ing to nutritional status, with 11.7% in the pediatric
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Table 2. Association between the metabolic syndrome components and the metabolic syndrome development in the
pediatric population

Mean = SD. Metabolic

Bivariate analysis

Mean = SD. Metabolic

syndrome absence

Waist circumference (cm) 86.6 + 10.1
WHTIR (points) 0.56 + 0.05
Triglycerides (mg/dL) 90.9 + 46.0
HDL cholesterol (mg/dL) 47.0 + 10.4
Fasting glycemia (mg/dL) 93.3+76

Fasting insulin (mU/L) 219+ 122
HOMA index 50+30

Systolic blood pressure (mm/Hg) 113.6 + 10.2

950/0 c' -

syndrome presence

98.4 £ 14.8 -16.5--7.1 < 0.0001
0.62 + 0.06 -0.08--0.04 < 0.0001
161.5 £ 67.5 -92.8-48.4 < 0.0001
38.0 £ 6.7 5.9-12.1 < 0.0001
96.1 £ 17.0 -7.9-2.2 0.13
37.0 + 26.2 -23.6--6.4 0.0004
8.6 +6.7 -57--14 0.0007
119.7 £ 11.3 -9.9-2.2 0.0012

95% Cl: confidence interval 95%; HDL: high-density lipoprotein; HOMA: homeostatic model assessment; SD: standard deviation; WHtR: waist-to-height ratio.

population with OW, 36.3% in those with OB, and 77.4%
in those with SOB. These prevalence rates in the
Chilean population are significantly higher than the
reported international range (10.7-30.2%)*. We hypoth-
esize that the higher overall prevalence may be due to
two factors. The first factor is the sustained increase in
OB prevalence within the study sample (Chilean pedi-
atric population), which doubled from 15.9% to 31%
between 2011 and 20212. OB is one of the primary
causes of MS in the pediatric population®. Second, the
sample was collected during the COVID-19 pandemic,
during which several studies reported a global decrease
in physical activity levels and an increase in sedentary
time among the pediatric population’. Specifically,
physical activity levels decreased by 21.6% (46.8 min),
32.4% (56.6 min), and 24.1% (39.5 min) in Chilean'®,
Mexican'®, and the United States Latin populations’®,
respectively. Similarly, sedentary time increased by
183% (83.4 min), 204% (91.8 min), and 182% (88.5 min)
in Chilean', Mexican'®, and the United States Latin
populations'®, respectively. Thus, decreased physical
activity and increased sedentary time negatively impact
components of MS'. Consequently, negative changes
have been reported in body composition'®, including
increases in WC by 4.4 cm and 0.02 points in the
WHtR'. Similarly, metabolic control observed negative
changes, with triglyceride increasing by 33.9 mg/dL?°
and fasting glucose by 9.2 mg/dL?. In addition, systolic
BP increased by 6.6 mmHg in the pediatric population
with COVID-19 infection symptoms?®'. HDL cholesterol
was the only MS component unaffected during the

COVID-19 pandemic®®?2, Therefore, if the COVID-19
pandemic impacts 4-5 components of MS, it could play
a significant role in the higher prevalence of MS in the
pediatric population.

The results regarding nutritional status and MS preva-
lence align with those reported by several authors®?3,
showing an increased OR for developing MS in the OW
versus OB (OR 4.3), OW versus SOB (OR 2751), and
OB versus SOB (OR 5.7). This increase may be explained
by the transition from OW to obese to severely obese,
which results in a greater accumulation of adipose tissue,
particularly visceral adipose tissue®*. These results sup-
port this hypothesis, as indicated by the WC values
(82.1 cm vs. 91.1 cm vs. 103.7 cm) and WHtR (0.54 vs.
0.58 vs. 0.67) among the OW, OB, and SOB groups.
Interestingly, both WC and WHtR were associated with
the development of MS (p < 0.0001). In addition, WHtR
was associated with negative values for fasting glycemia,
triglycerides, HDL cholesterol, and systolic BP%.
Furthermore, WHtR cutoff points of 0.45 in females and
0.47 in males are strong predictors (with high specificity
and sensitivity) of MS?. Therefore, visceral adipose tis-
sue accumulation may be a principal factor in developing
and maintaining MS in the pediatric population®’.
According to previous reports, rapid hypertrophy of vis-
ceral adipose tissue in response to OB can lead to adi-
pocyte dysfunction, characterized by adipocyte hypoxia,
increased pro-inflammatory cell infiltration, oxidative
stress, and adipocyte apoptosis®®2°, As a result, a pro-in-
flammatory cycle known as systemic low-grade inflam-
mation occurs?®. This systemic inflammation has several
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consequences, including insulin resistance in adipose
tissue due to decreased adiponectin secretion®® and inhi-
bition of the glucose transporter type 4 phosphorylation
cascade in skeletal muscle®®. Consequently, these pro-
cesses lead to systemic insulin resistance, hyperinsulin-
emia, dyslipidemia®®®', and high BP associated with
endothelial dysfunction®%.

Interestingly, our results did not correlate fasting gly-
cemia and MS development. In contrast, we found an
association between fasting insulin (p = 0.0004) and the
HOMA index (p = 0.0007) with the development of MS.
This discrepancy may be due to the infrequent disrup-
tion of fasting glycemia in the pediatric population. For
instance, Shi et al.®® reported a 1.72% disruption rate,
Judrez Lopez et al.** reported 4%, and Chen et al.®
reported a 2.5%, similar to the 3.3% disruption rate
found in our study (Fig. 1). In contrast, the pediatric
population with adverse fasting insulin values ranged
from 35.8%°% to 56%5*. Similarly, the adverse values for
the HOMA index reached 51%3* and 66%%. These val-
ues were comparable to our results of 52.9% for fasting
insulin and 50% for the HOMA index. Normal fasting
glycemia values are initially maintained by compensa-
tory hyperinsulinemia due to normal pancreatic p cell
function®”. However, chronic pro-inflammatory and
pro-oxidant conditions, along with an overload of hyper-
insulinism secretion, can lead to apoptosis of these f
cells®. Fasting hyperglycemia will occur when pancre-
atic B cell function drops under 15%%. Similarly, individ-
uals with compensatory hyperinsulinemia may
experience a failure in fasting glycemic control after
3 years of follow-up®°. Therefore, we suggest that this
study’s pediatric population with OW, OB, and SOB may
be in a period of compensatory hyperinsulinemia with-
out disruption of fasting glycemia.

One of the main strengths of this study is the valuable
information provided during the COVID-19 pandemic,
offering updated data on the Latin American population.
This contribution enriches the existing scientific litera-
ture by addressing a relevant and timely topic. However,
notable limitations include the absence of a represen-
tative normal-weight group, which may affect the gen-
eralizability of the findings to populations with different
body compositions. In addition, the small sample size,
which focuses exclusively on OW and obese individuals,
may overestimate the prevalence of the condition com-
pared to the general Chilean population. Furthermore,
using diagnostic criteria from Cook et al.%, originally
designed for adolescents aged 12-19, may not fully
capture the metabolic characteristics of younger chil-
dren within the studied age range.

Conclusion

The prevalence of MS in the Chilean pediatric popu-
lation reached 40.1% and varied according to nutritional
status. WC, WHtR, HDL cholesterol, systolic BP, fasting
insulin, and the HOMA index are associated with MS,
whereas fasting glucose did not show an association
with the condition.
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