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1" Children; Objective: To investigate ApoB/ApoA1 ratio and its association with cardiovascular risk factors
12 Lipids; in children.

13 Anthropometry; Methods: Cross-sectional study with 258 children aged 8 and 9 years old, enrolled in all urban
14 Body composition; schools in the city of Vicosa-MG. An anthropometric evaluation of the body and biochemical
15 Apolipoproteins composition of the children was performed. Socioeconomic variables and sedentary lifestyle
16 were evaluated through a semi-structured questionnaire.

17 Results: Many children had excess weight (35.2%), abdominal adiposity (10.5%), and body fat
18 (15.6%), as well as increased ApoB/ApoA1 ratio (14.7%), total cholesterol (51.8%), and triglyc-
19 erides (19.8%). Children with excess weight and total and central fat had a higher prevalence
20 of having a higher ApoB/ApoA1 ratio, as well as those with atherogenic lipid profile (increased
21 LDL-c and triglycerides and low HDL-c). A direct association was found between the number of
2 cardiovascular risk factors and the ApoB/ApoA1 ratio (p=0.001), regardless of age and income.
2 Conclusion: The increased ApoB/ApoA1 ratio was associated with excess weight, body adiposity
2 (total and central), and altered lipid profile in children. Children with a higher number of
25 cardiovascular risk factors had higher ApoB/ApoA1 ratio, in both genders.
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PALAVRAS-CHAVE
Criancas;

Lipidios;
Antropometria;
Composicao corporal;

A razdo ApoB/ApoA1 aumentada esta associada ao excesso de peso, de adiposidade
corporal e ao perfil lipidico alterado em criancas

Resumo
Objetivo: Investigar a razao ApoB/ApoA1 e sua relacao com fatores de risco cardiovascular em
criancas.
Métodos: Trata-se de um estudo transversal com 258 criancas de 8 e 9 anos, matriculadas em
todas escolas urbanas de Vicosa-MG. Foi realizada avaliacdo antropométrica, da composicéo cor-
poral e bioquimica das criancas. As variaveis socioecondmicas e o sedentarismo foram avaliados

Resultados: Muitas criancas apresentaram excesso de peso (35,2%), de adiposidade abdominal
(10,5%) e de gordura corporal (15,6%), bem como a razdo ApoB/ApoA1 (14,7%), colesterol-total
(51,8%) e triglicerideos (19,8%) aumentados. Criancas com excesso de peso e de gordura total e
central apresentaram maiores prevaléncias de ter maior razao ApoB/ApoA1, bem como as com
perfil lipidico aterogénico (LDL-c e triglicerideos aumentados e baixo HDL-c). Foi encontrada
associacao direta entre o nimero de fatores de risco cardiovascular e a razao ApoB/ApoA1

Conclus@o: A razao ApoB/ApoA1 aumentada esteve associada ao excesso de peso, de adiposi-
dade corporal (total e central) e ao perfil lipidico alterado nas criancgas. As criangas com maior
numero de fatores de risco cardiovascular apresentaram maior razao ApoB/ApoA1, em ambos

© 2018 Sociedade Brasileira de Pediatria. Publicado por Elsevier Editora Ltda. Este é um artigo
Open Access sob uma licenca CC BY-NC-ND (http://creativecommons.org/licenses/by-nc-nd/4.

Apolipoproteinas
por questionario semiestruturado.
(p=0,001), independente da idade e renda.
0S Sexos.
0/).
Introduction

Exposure to the atherogenic lipid profile may induce changes
in the arteries and contribute to atherosclerosis develop-
ment, which may start in childhood." Studies have shown
that elevated LDL cholesterol levels in children predict an
increase in the intima-media layer thickness of the arteries
in adults.? Considering this fact, it is important to measure
serum lipid levels in childhood as a strategy aimed to prevent
cardiovascular diseases and atherosclerosis.

The ratio between pro-atherogenic (containing ApoB)
and anti-atherogenic particles (containing ApoA1) may
be associated with cardiovascular diseases.> ApoA1 is
the main protein of the HDL-c particle, responsible
for stimulating reverse cholesterol transport, removing
excess from the tissues and redirecting it to the liver.
Moreover, it can inhibit LDL-c oxidation, helps in the
removal of toxic products, and it has anti-inflammatory
properties.* In turn, ApoB is part of the atherogenic
lipid fractions, including LDL-c, an intermediate-density
lipoprotein (IDL), very low-density lipoprotein (VLDL), and
lipoprotein (a).’

Thus, the ApoB/ApoA1 ratio has been investigated
as a possible cardiometabolic predictor for atheroscle-
rosis in adults.® In children, studies have shown that
the ApoB/ApoA1 ratio is associated with metabolic syn-
drome components, such as increased waist circumference
and blood pressure, low HDL-c, and high triglycerides.”:
Additionally, lifestyle changes in obese children, such
as sedentary lifestyle, seem to influence the higher
ApoB/ApoA1 ratio.’

However, there is a gap in the knowledge on the associa-
tion between the ApoB/ApoA1 ratio and cardiovascular risk

factors in children, with this subject being scarcely studied
in Brazil'® and in other countries in this age group.”-®

As the increased ApoB/ApoA1 ratio may contribute to the
occurrence of atherosclerotic events in adult life, the aim
of this study was to investigate the ApoB/ApoA1 ratio and
its association with cardiovascular risk factors in children
enrolled in urban schools in the municipality of Vicosa, state
of Minas Gerais, Brazil.

Methods

Study population and sampling process

This is a cross-sectional study conducted between May and
December of 2015, with a sample of 258 children aged
8 and 9 years, enrolled in all public (n=17) and private
(n=7) schools in the urban area of the municipality of
Vicosa, Minas Gerais, Brazil. This study is part of a larger
project entitled **Vitamin D in childhood: intake, serum lev-
els, and association with cardiovascular risk factors,’’ from
the Schoolchildren’s Health Assessment Survey (Pesquisa de
Avaliacdo da Saude do Escolar - PASE).

The sample was calculated using the OpenEpi statisti-
cal program (Open Source Epidemiologic Statistics for Public
Health, version 3.01), considering the prevalence of 50% for
multiple outcomes, tolerable error of 5%, plus 10% losses
and 10% confounding factors, totaling a sample size of 366
children.

For the evaluation of the ApoB/ApoA1 ratio, a subsample
of 258 children was used, since the blood volume collected
was not enough for the ApoB and ApoA1 measurement in all
the children from the original project. It is worth mentioning
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that the final sample did not differ from the original sample
in relation to gender, age, and cardiovascular risk factors.

A stratified random sampling process was performed on
the schoolchildren, in which the number of children to be
sampled in each school was related to the weighting by
school, according to its size. Subsequently, the children were
selected by drawing lots from a random number table, until
the number of students needed per school was completed.

After contacting the parents, the children were invited
to participate in the study. Those who used medications that
interfered with glucose and/or lipid metabolism and those
with special needs were not included in the study.

Data collection

Weight and height were measured using an electronic digi-
tal scale (Tanita®, model BC 553, IL, USA), with a capacity
of 150 kilograms and a sensitivity of 100 grams. Weight was
measured with the individuals in the orthostatic position,
barefoot, and wearing light clothing. Height was measured
using a portable vertical stadiometer (Alturexata®, MG,
Brazil), measuring 2 meters, graduated in centimeters and
subdivided into millimeters. Body mass index (BMI) was cal-
culated based on the obtained values. Nutritional status was
evaluated based on BMI/age, and children with z-score >-2
and <1 were considered as having normal weight, whereas
those with z-score >1 were considered as having excess
weight (overweight or obesity).'"

Waist circumference (WC) was measured at the midpoint
between the iliac crest and the last rib using a flexible,
inelastic measuring tape, graduated in centimeters and sub-
divided into millimeters. Excessive abdominal adiposity was
considered in the presence of values above the 90th per-
centile according to age and gender.”” The waist-to-height
ratio (WHtR) was calculated by dividing the waist measure-
ment (cm) by height (cm), and values > 0.5 were used to
classify excess abdominal adiposity. '

The total and central body fat (android fat [AF] and
gynoid fat [GF]) was evaluated in the supine position, using
the dual-energy X-ray absorptiometry (DXA) method in the
Diagnostic Imaging Sector of the Health Division of Uni-
versidade Federal de Vicosa. The AF comprises the region
between the ribs and the pelvis, with the upper marking
being made at 20% of the distance from the iliac crest and
neck, and the lower marking being made above the pelvis.
The gynoid region measurements included the hip, thighs,
and overlaps of the leg and trunk regions, with the upper
marking being made below the iliac crest at a distance of
1.5 times the android height.'* Excess body fat was classified
with values >85th percentile for age and gender, according
to McCarthy et al.™

The neck circumference (NC) was assessed in the Frank-
furt horizontal plane, with the child standing erect, using an
inextensible measuring tape (TBW®, SP, Brazil), just below
the laryngeal prominence in the neck, perpendicular to the
largest axis of the neck. Minimal pressure was exerted to
allow full contact of the tape with the skin. The increased
values were classified according to the cutoff points pro-
posed by Nafieu et al.'®

Waist circumference (WC), waist-to-height ratio (WHtR),
neck circumference, and android/gynoid fat ratio were

considered indicators of central adiposity, whereas BMI was
the indicator of total adiposity.

Blood pressure (BP) was measured three times, with the
child in the sitting position with five-minute intervals, con-
sidering the mean value for BP classification according to the
7th Brazilian Guideline of Arterial Hypertension. High blood
pressure was classified as systolic (SBP) and/or diastolic
(DBP) blood pressure above the 95th percentile, according to
age, gender, height percentile, on at least three different
occasions.'” BP was measured using the automatic device
(Omron®, HEM 907, IL, USA).

Venous blood samples were collected between eight
and ten a.m., after overnight fasting, and centrifuged
at 1000 x g for 10min at 4°C. Levels of total choles-
terol (TC), HDL-c, LDL-c, triglycerides (TG), and C-reactive
protein (CRP) were measured using the colorimetric enzy-
matic method using a commercial kit (Bioclin®, MG, Brazil)
in an automated analyzer (BS-200 Mindray®, China) at
the Laboratory of Clinical Analyses (LAC) of the Nutrition
and Health Department of Universidade Federal de Vicosa
(UFV). Non-HDL-cholesterol was estimated by the formula:
Non-HDL-c=TC-HDL-c. The lipid profile classification was
performed according to the Brazilian Society of Cardiology.'®
The serum levels of leptin, ApoA1, ApoB and homocysteine
were analyzed through commercial ELISA kits, nephelometry
(Beckman Coulter, CA, USA), and chemiluminescence (stan-
dardized protocols from Diagnodstico Brasil), respectively.
Intra-assay variations were 4% for both ApoA1 and ApoB.
Because there were no cutoff points for the classification
of the ultra-sensitive C-reactive protein, leptin, homocys-
teine, ApoA1 and ApoB in the studied age group, values
>85th percentile were considered at risk.

A semi-structured questionnaire was applied person-
ally by trained interviewers to parents or guardians to
assess sociodemographic variables, such as gender and fam-
ily income per capita, and total time of physical activity
(TPA). The children were classified as active when they
performed 300 minutes or more of moderate or vigorous
physical activity weekly and were considered inactive when
they performed less than 300 minutes, as classified by the
National School Health Survey.' It is important to mention
that none of the girls had experienced menarche at the time
of this study.

Statistical analysis

The normality of the data was verified by the
Kolmogorov-Smirnov test. Pearson’s chi-squared test
and Fisher’s exact test were used to compare the preva-
lence of cardiovascular risk factors between genders and
ApoB/ApoA1 values.

Poisson regression was performed with crude and
adjusted robust variance to analyze the associations
between ApoB/ApoA1 ratio and age, time of physical
activity, anthropometric variables, body composition, and
clinical and biochemical variables. Variables with a sig-
nificance level <0.20 were included in the regression
model. According with the linear regression analysis, the
ApoB/ApoAT1 ratio was also evaluated according to the num-
ber of cardiovascular risk factors (TPA, WHtR, CT, HDL-c,
LDL-c, TG, non-HDL cholesterol, AF/GF, excess weight).
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Table 1 Distribution of the children’s age, physical activity time, anthropometric, body composition, and biochemical variables,
according to gender; Vicosa, MG, Brazil, 2015.

Q2

Variables Boys, n (%) Girls, n (%) p
Age

8 years 60 (53.6) 65 (44.5) 0.149

9 years 52 (46.4) 81 (55.5) ’
PAT

Active (>300 min/week) 78 (69.6) 117 (80.1) 0.052

Inactive (<300 min/week) 34 (30.4) 29 (19.9) :
Waist/height ratio

<0.5 18 (16.1) 30 (20.5)

>0.5 94 (83.9) 116 (79.5) 0360
Excess weight

No (z-score >—2 and <1) 74 (66.1) 93 (63.7) 0.693

Yes (z-score >1) 38 (33.9) 53 (36.3) :
Neck circumference (cm)

Normal 97 (86.6) 121 (82.9) 0.412

Increased 15 (13.4) 25 (17.1) :
Waist circumference (cm)

<90th percentile 100 (89.3) 131 (89.7) 0.909

>90th percentile 12 (10.7) 15 (10.3) :
Boay fat (%)

<85th percentile 96 (85.7) 121 (82.9) 0.537

>85th percentile 16 (14.3) 25 (17.1) :
GF/AF (%)

<85th percentile 95 (84.8) 123 (84.2) 0.899

>85th percentile 17 (15.2) 23 (15.8) :
SBP (mmHg)

Normal 105 (93.8) 136 (93.8) 0.989

Increased 7 (6.2) 9 (6.2) ’
DBP (mmHg)"

Normal 108 (96.4) 143 (98.6) 0.408

Increased 4 (3.6) 2 (1.4) :
ApoB (mg/dL)

<85th percentile 99 (88.4) 122 (83.6) 0.272

>85th percentile 13 (11.6) 24 (16.4) :
ApoA1 (mg/dL)

<85th percentile 24 (21.4) 14 (9.6) 0.008

>85th percentile 88 (78.6) 132 (90.4) :
ApoB/ApoA1

<85th percentile 99 (88.4) 121 (82.9) 0.215

>85th percentile 13 (11.6) 25 (17.1) :
Total cholesterol (mg/dL)

<150 54 (48.2) 70 (48.3)

>150 58 (51.8) 75 (51.7) Lo
Triglycerides (mg/dL)

<100 98 (87.5) 108 (74.5) 0.009

>100 14 (12.5) 37 (25.5)
LDL-c (mg/dL)

1 721 104 (71.2
<100 80 ( ) 04 ( ) 0.883
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Table 1 (Continued)

Variables Boys, n (%) Girls, n (%) p
>100 31 (27.9) 42 (28.8)
HDL-c (mg/dL)
<45 87 (77.7) 94 (64.8) 0.025
>45 25 (22.3) 51 (32.5) :
Non-HDL-c (mg/dL)"
<130 110 (98.2) 143 (97.9) 1.00
>130 2 (1.8) 3(2.1) :
Ultrasensitive CRP (mg/L)
<85th percentile 100 (89.3) 135 (92.5) 0.374
>85th percentile 12 (10.7) 11 (7.5) :
Leptin (ng/mL)
<85th percentile 99 (89.2) 107 (76.4) 0.009
>85th percentile 12 (10.8) 33 (23.6) :
Homocysteine (ng/mL)
<85th percentile 83 (74.1) 113 (77.4) 0.540
>85th percentile 29 (25.9) 33 (22.6) ’

TPA, total time of physical activity; BMI, body mass index; GF, gynoid body fat; AF, android body fat; SBP, systolic blood pressure;
DBP, diastolic blood pressure; ApoB, apolipoprotein B; ApoA1, apolipoprotein A1; LDL-c, low-density lipoprotein; HDL-c, high-density
lipoprotein; CRP, C-reactive protein. Pearson’s chi-squared test and Fisher’s exact test.

Statistical analyses were performed using the software
SPSS® (SPSS for Windows, Version 16.0., Chicago, USA)
and Stata (Stata Statistical Software: Release 10, College
Station, TX, USA). Values of p <0.05 were considered statis-
tically significant.

Ethical aspects

This study was carried out in accordance with the
guidelines defined in the Declaration of Helsinki and
all procedures involving human subjects were approved
by the Human Research Ethics Committee of Universi-
dade Federal de Vicosa (UFV; Opinion No. 663.171/2014).
Informed consent was obtained from all parents or legal
guardians, after they were informed about the study
objectives.

Results

A total of 258 children were evaluated, 56% females.
Many children had excess weight (35.2%), abdominal adi-
posity (10.5%), and body fat (15.6%), as well as increased
ApoB/ApoAT1 ratio (14.7%), serum levels of total cholesterol
(51.8%), and triglycerides (19.8%). Additionally, 8.9%, 17.9%,
and 24% of the children had increased serum levels of ultra-
sensitive CRP, leptin, and homocysteine, respectively. The
prevalence of reduced serum ApoA1 and HDL-c levels was
higher in boys than in girls. In turn, girls had a higher preva-
lence of increased serum levels of triglycerides and leptin
(Table 1).

Children with a higher ApoB/ApoA1 ratio were more inac-
tive, had increased WHtR, excess weight, and altered lipid
profile (Table 2).

In regression models, children with indicators of total and
central adiposity (WHtR, waist circumference, body fat, and
AF/GF) had a higher prevalence of higher ApoB/ApoA1 ratio
(>85th percentile), regardless of gender, age, and income.
Interestingly, children with an atherogenic lipid profile (total
cholesterol, LDL-c, non-HDL-c, and increased triglycerides
and low HDL-c) also had a higher prevalence of a higher
ApoB/ApoA 1 ratio, regardless of gender, age, income, and
body fat (Table 3).

Children with a higher number of cardiovascular risk fac-
tors had a higher ApoB/ApoA1 ratio, regardless of age and
income, in both girls and boys (Fig. 1).

Discussion

In the present study, a higher ApoB/ApoA1 ratio was asso-
ciated with excess body weight and adiposity (total and
central), as well as an altered lipid profile in children. There
was a direct association between the number of cardiovas-
cular risk factors and the ApoB/ApoA1 ratio, regardless of
age and income.

In children and adolescents from Canada, an association
was also found between the increased ApoB/ApoA1 ratio and
excess weight.” In a study carried out in the United States,
children and adolescents with normal weight and abdominal
obesity (WHtR > 0.5cm) had a higher number of cardiovas-
cular risk factors, such as hypertension, increased levels of
triglycerides, and LDL-c, as well as insulin resistance when
compared to those without abdominal obesity.?° In Brazilian
children and adolescents, the ApoB/ApoA1 ratio was associ-
ated with more than one cardiovascular risk factor (BMI, WC,
WHtR, HDL-c, and triglycerides), corroborating the present
findings.'°
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Table 2 Distribution of children’s physical activity time, anthropometric, body composition, and biochemistry variables,
according to ApoB/ApoA1 ratio; Vicosa, MG, Brazil, 2015.

Variables ApoB/ApoA1, <85th percentile, n (%) ApoB/ApoA1, >85th percentile, n (%) p
TPA

Active (>300 min/week) 172 (78.2) 23 (60.5) 0.019

Inactive (< 300 min/week) 48 (21.8) 15 (39.5) :
Waist/height ratio

<0.5 185 (84.1) 25 (65.8)

~0.5 35 (15.9) 13 (34.2) e/
Excess weight

No (z-score >—2 and <1) 150 (68.2) 17 (44.7) 0.005

Yes (z-score >1) 70 (31.8) 21 (55.3) ’
Neck circumference (cm)

Normal 188 (85.5) 30 (78.9) 0.306

Increased 32 (14.5) 8 (21.1) :
Waist circumference (cm)!

<90th percentile 22 (10.0) 5(13.2) 0.567

>90th percentile 198 (90.0) 33 (86.8) :
Body fat (%)

<85th percentile 188 (85.5) 29 (76.3) 0.155

>85th percentile 32 (14.5) 9 (23.7) :
GF/AF (%)

<85th percentile 190 (86.4) 28 (73.7) 0.046

>85th percentile 30 (13.6) 10 (26.3) :
Total cholesterol (mg/dL)

<150 116 (53.0) 8 (21.1)

~150 103 (47.0) 30 (78.9) S
Triglycerides (mg/dL)

<100 186 (84.9) 20 (52.6) 0.001

>100 33 (15.1) 18 (47.4) =
LDL-c (mg/dL)

<100 171 (78.1) 13 (34.2) 0.001

>100 48 (21.9) 25 (65.8) =
HDL-c (mg/dL)

<45 165 (75.3) 16 (42.1)

>45 54 (24.7) 22 (57.9) <0.001
Non-HDL-c (mg/dL)

<130 196 (89.1) 21 (55.3) 0.001

>130 24 (10.9) 17 (44.7) =
Leptin (ng/mL)

<85th percentile 178 (83.2) 28 (75.7) 0.272

>85th percentile 36 (16.8) 9 (24.3) ’
PCR (mg/L)

<85th percentile 187 (85) 30 (78.9) 0.346

>85th percentile 33 (15) 8 (21.1) :
Homocysteine (ng/mL)

<85th percentile 168 (76.4) 28 (73.7) 0.686

>85th percentile 52 (23.6) 10 (26.3) :

TPA, total time of physical activity; BMI, body mass index; GF, gynoid body fat; AF, android body fat; SBP, systolic blood pressure;
DBP, diastolic blood pressure; ApoB, apolipoprotein B; ApoA1, apolipoprotein A1; LDL-c, low-density lipoprotein; HDL-c, high-density
lipoprotein; CRP, C-reactive protein. Pearson’s chi-squared test and Fisher’s exact test.
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Table 3  Association between the increased ApoB/ApoA1
ratio (dependent variable)
composition, and biochemical variables in children; Vicosa,

MG, Brazil, 2015.

and anthropometric,

Variables ApoB/ApoA1 (>85th percentile)
PR 95% ClI p-value
TPA®
Active (> 1
300 min- -
utes/week)
Inactive 1.31 0.63 0
(<300 -2.75 .432
min-
utes/week)
Nutritional status®
Normal 1
weight -
Excess 2.14 1.20 0
weight -3.80 .001
Waist/height ratio®
<0.5 1
>0.5 2.21 1.24 0
-3.94 .004
Waist circumference®
<90th 1
percentile -
>90th 1.82 1.02 0
percentile -3.25 .003
Body fat®
Boy < 20%, 1
girl <25% -
Boy > 1.92 1.02 0
20%, girl -3.61 .009
> 25%
AF/GF?
<85th 1
percentile -
>85th 1.80 0.93 0
percentile -3.47 .003
Total cholesterol®
1
<150 mg/dL -
3.39 1.61 <0
>150mg/dL -7.12 .001

Table 3  (Continued)

Variables ApoB/ApoA1 (>85th percentile)
PR 95% ClI p-value
HDL-c¢
1
>45mg/dL =
2.98 1.62 <0
<45mg/dL -5.49 .001
LDL-c¢ 1
<100 mg/dL
4.66 2.55 <0
>100mg/dL -8.54 .001
Non-HDL-c¢
1
<130mg/dL -
3.49 1.39 <0
>130mg/dL -8.77 .001
Triglycerides
1
<100 mg/dL -
3.59 2.06 <0
>100mg/dL -6.25 .001

TPA, time of physical activity; AF, android fat; GF, gynoid fat;
HDL-c, high-density lipoprotein; BMI, body mass index; LDL-c,
low density lipoprotein.
Adjusted Poisson regression:

a8 Adjustment by gender, age, and income.

b Adjustment by gender, age, income, and physical activity.

¢ Adjustment by gender, age, income, and body fat.

Excess central adiposity has been considered the main
component of the metabolic syndrome and is strongly
associated with dyslipidemia and an increase in the
number of cardiovascular risk factors, both in adults?’
and children.?> Excess central adiposity may lead to an
increased ApoB/ApoA1 ratio through different mechanisms:
(1) decreased hepatic LDL receptor and/or decreased
lipoprotein lipase (LPL) activity, both important for the
removal of remaining chylomicrons from the circulation
containing ApoB molecules?®?*; (2) increased adipokine
secretion by adipose tissue in obese individuals; (3) reduc-
tion in serum HDL-c levels, the main characteristic of
dyslipidemia associated with central obesity.?® In obese indi-
viduals, the low HDL-c level is a consequence of the increase
in HDL-c catabolism, thus favoring a decrease in ApoA1
levels.”® Moreover, body fat accumulation is one of the
main factors that can modify small-density LDL expression,
because in both adults and children, abdominal obesity is

JPED 629 1-9

291

292

293

294

295

296

297

298

299

300

301

302

303

304

305

306

307

308



309

310

311

312

313

314

315

316

317

318

319

320

321

322

323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

+Model

8 Castro AP et al.
Boys Girls
0.904 0.90
n=35
n=62

0.80- 0.80-
5 n=27 0.73 5 n=25 E.m
= 0.707 2
3 n=30 30.70-
o 0.62 o 0.66
S 0.60-] g n=36
ED n=19 0.56 % 0.60-

0.58

< 0.50- <
[a0]) a0}
[ 0.45 9 n=22
< £0.50

0.40

PB:0.09; 95% CI: 0.06-0.13 0.46 B:0.10; 95% CI: 0.08-0.12
p<0.001 I p<0.001
0.30 0.40
T T T T T T T T
0 1 2 >3 0 1 2 >3
Cardiovascular risk factors Cardiovascular risk factors
Figure 1  Association between the ApoB/ApoA1 ratio and the number of cardiovascular risk factors in children, according to

gender. Mean (95% ClI), Linear regression adjusted for age and income; Vicosa, MG, Brazil, 2015.

associated with the lower density and the smaller particle
size of LDL-c.””

It is worth mentioning that, in this study, children
with three or more cardiovascular risk factors had higher
ApoB/ApoAT1 ratio values in both genders. This direct asso-
ciation suggests the possible influence of pro-atherogenic
particles (containing ApoB) and anti-atherogenic particles
(containing ApoA1) on cardiovascular diseases, as there is
an increase in the number of risk factors. To date, no simi-
lar studies have been found, and thus, the results indicate
the precocity of this association occurring as early as in
childhood.

The present study showed no association between serum
levels of leptin, CRP, and homocysteine with ApoB/ApoA1
ratio. One possible hypothesis is that these markers partici-
pate in the cardiometabolic risk through a pathway other
than the ApoB/ApoA1 ratio, with these being recognized
as important indicators of subclinical inflammation, while
apolipoproteins are involved in lipid metabolism.?® However,
to date, no other studies have been found that evaluated
the association between a higher ApoB/ApoA1 ratio and
these cardiometabolic markers, as well as the mechanisms
involved.

One limitation of this study is the fact that it has a
cross-sectional design, which does not allow for establishing
cause-and-effect associations. It is important to empha-
size that few Brazilian studies have evaluated non-classical
cardiovascular markers, such as the ApoB/ApoA1 ratio,
in healthy prepubertal children. As these alterations may
contribute to the onset of atherosclerotic disease, early
identification is crucial for the planning and implementa-
tion of public health policies, with actions directed at food
and nutritional education and the stimulation of physical
activity. These actions may contribute to reducing future
mortality from cardiovascular diseases and other obesity-
related diseases.

In summary, a higher ApoB/ApoA1 ratio was associated
with excess weight, body adiposity (total and central), and
altered lipid profile in children. Children with a higher num-
ber of cardiovascular risk factors had higher ApoB/ApoA1
ratio, regardless of age and income.
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