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OBJECTIVES: To evaluate biomarkers associated with early cardiometabolic risk in obese adolescents.

METHODS: This cross-sectional study included 137 adolescents of both sexes aged 10 to 19 years divided into a
normal weight group (NW) (n=69) and an obese group (OB) (n=68).

RESULTS: As expected, obesity showed positive associations with homeostatic model assessment for insulin
resistance (HOMA-IR), triacylglycerol, insulin, plasma levels of non-esterified fatty acids, and cholesterol ester
transfer protein activity and negative associations with plasma antioxidant levels. Plasma oxidized low-density
lipoprotein (oxLDL) and electronegative low-density lipoprotein [LDL(-)] levels were significantly higher in the
OB group. Higher tertiles of oxLDL were associated with increased values of body mass index; waist circum-
ference; fatty mass percentage (%FM); and the atherogenic lipids non-high-density-lipoprotein cholesterol
(non-HDL-C), low-density lipoprotein cholesterol (LDL-C), apolipoprotein B and triacylglycerol. Higher tertiles of
LDL(-) were robustly associated with body mass index and waist circumference. Logistic regression models (odds
ratios) confirmed that increased values of lipids and apolipoprotein B were associated with increased risk of
oxLDL. For LDL(-), these associations were not significant, suggesting that another mechanism is involved in
generating this particle in obese adolescents.

CONCLUSIONS: Obese adolescents showed increased plasma LDL(-) and oxLDL, and obese girls had more LDL(-)
than obese boys. Therefore, oxLDL is strongly and independently associated with classical cardiovascular risk
factors, while increased levels of LDL(-) were influenced by body mass index, waist circumference and demo-
graphic parameters in obese adolescents.
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H INTRODUCTION In the general population, obesity is characterized by the
excessive storage of body fat and is associated with an
increased risk of developing chronic diseases, such as type 2
diabetes, high blood pressure, some types of cancer and
cardiovascular diseases (1).

Obesity in childhood triples the risk of high low-density
lipoprotein cholesterol (LDL-C), hypertriglyceridemia and
hyperinsulinemia, and almost 60% of overweight adoles-
cents have at least one cardiovascular risk factor (4).

In addition to the negative impact of obesity on the lipid
profile, some studies in children have described an associa-
tion between excess weight and oxidized low-density lipopro-

The increasing incidence of overweight children and adoles-
cents around the world shows that these groups are more
vulnerable to developing obesity (1,2). Similar to other coun-
tries, the prevalence of overweight adolescents in Brazil
increased from 3.7% in 1975 to 21.7% in 2009 in boys and
from 7.6% to 19% in girls. Currently, the rates of obesity in
the adolescent population (10 to 19 years of age) are 6% for
boys and 4% for girls (3).

Copyright © 2018 CLINICS - This is an Open Access article distributed under the
terms of the Creative Commons License (http://creativecommons.org/licenses/by/
4.0/) which permits unrestricted use, distribution, and reproduction in any
medium or format, provided the original work is properly cited.

No potential conflict of interest was reported.

Received for publication on September 19, 2017. Accepted for publi-
cation on March 13, 2018

DOI: 10.6061/clinics/2018/e189

tein (oxLDL) (5). This modified LDL represents a lipoprotein
subfraction directly involved in monocyte recruitment, foam
cell formation and excessive accumulation of lipids in the
artery wall, contributing to the development of atherosclero-
sis (6). Regarding the negative effects of oxidative changes
in LDL, Avogaro et al. (7) identified an in vivo subfraction
with increased negative charge, reduced antioxidant content
and high-oxidized lipids, termed electronegative low-density
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lipoprotein [LDL(-)]. Despite the oxidative characteristics
of LDL(-), other non-oxidative pathways are related to the
generation of this particle, such as enrichment of non-esterified
fatty acids (NEFAs), apolipoprotein CIII (Apo CIII), phos-
pholipase A, associated with lipoproteins (Lp-PLA;), glyca-
tion reactions and crosslinks with hemoglobin (8).

Because obesity is a growing problem in modern society
and adolescence represents a susceptible period in which
obesity can induce many pathways that negatively impact
cardiovascular health, the primary aim of this study was
to evaluate the potential associations of plasma oxLDL and
LDL(-) with anthropometric and biochemical parameters in
adolescents. We also evaluated their potential as biomarkers
to identify cardiometabolic risk in obese adolescents.

B METHODS
Study design and subjects

This cross-sectional study was conducted in adolescents
between 10 and 19 years of age attending public schools
in the west zone of Sao Paulo city, Brazil. For the present
study, 137 individuals were enrolled. Underweight, preg-
nant, or lactating adolescents and those with chronic diseases
or using drugs were not included. The study was approved
by the Ethics Committee in Research (n° 1126/11), and infor-
mation was obtained after obtaining informed consent.

After a nutritional evaluation, as proposed by Cole et al.
(9), adolescents were divided into a normal weight group
(NW) (n=69) and an obese group (OB) (n=68).

Demographic and clinical data

All demographic and clinical data were collected through
standardized surveys. Sexual maturation was analyzed by
self-assessment, as proposed by Marshall (10) and Marshall
and Tanner (11).

Anthropometric parameters )

Weight was evaluated using a Control 1I"™ electronic
digital balance (Plenna, Sao Paulo, Brazil) with a maximum
capacity of 150 kg and an accuracy of 100 g; height was
monitored with an Exact Height® portable stadiometer
(TBW, Sao Paulo, Brazil) with a limit of 2.1 m and an accu-
racy of 1 mm. From these data, body mass index (BMI) was
calculated [weight (kg)/height (m?)] and classified according
to Cole et al. (14), with considerations for sex and age. Waist
circumference (WC) was assessed using inelastic tape with
1 mm precision (TBW, Sao Paulo, Brazil). The free-fat mass
percentage (%FFM) and fat mass percentage (%FM) were
measured by bioelectrical impedance (BIA) using the Biody-
namics® tetrapolar instrument, Model 450 (TBW, Sao Paulo,
Brazil), through which a current of 800 pA and a frequency
of 50 kHz were applied. These measures were performed
in duplicate by trained professionals.

Measurement of biochemical parameters

Blood samples were collected in vacutainer tubes contain-
ing ethylene diamine (EDTA, 1.0 mg/mL) (BD, Juiz de Fora,
MG, Brazil) after 12h of fasting. The following protease inhi-
bitors were added to the samples: aprotinin (10 pg/mL),
benzamidine (10 uM), phenylmethylsulfonyl fluoride (PMSF,
5 uM) and the antioxidant butylated hydroxytoluene (BHT,
100 pM). Plasma and serum were separated by centrifugation
(3000 rpm, 10 min, 4°C). The samples were stored at -80°C
until analysis. Total cholesterol (TC), high-density lipoprotein
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cholesterol (HDL-C), and triacylglycerol (TAG) were deter-
mined by standard methods (Labtest Diagndstica, MG, Brazil).
The LDL-C levels were calculated using the Friedewald
equation (12). Apolipoproteins Al (Apo Al) and B (Apo B)
were evaluated with standard kits (RANDOX Co, Antrim,
United Kingdom). Glucose (Glicose PAP Liquiform, Labtest,
MG, Brazil) and insulin (Human Insulin-Specific RIA Kit,
Linco Research, St Charles, MO, USA) were analyzed
following the manufacturer’s instructions. The homeostasis
model assessment for insulin resistance index (HOMA-IR) was
calculated using the following equation: HOMA-IR = (fasting
insulin level (uU/mL) x fasing glucose (mmol/L)/22.5),
as proposed by Matthews et al. (13). The enzymatic color-
imetric assay HR Series NEFA-HR (2)® (WAKO Diagnos-
tics, Texas, USA) was used to determine non-esterified fatty
acid concentrations (NEFAs). To measure the activity of
cholesterol ester transfer protein (CETP), the standard
CETP Activity Assay Kit (BioVision Research Products®,
CA, USA) was used. All biochemical analyses were per-
formed in duplicate, and the coefficient of variability was
below 15%.

OxLDL and LDL(-) analyses

OxLDL was detected by ELISA using a commercial kit
(Mercodia AB, Uppsala, Sweden) according to the manu-
facturer’s instructions.

LDL(-) was detected by sandwich ELISA following a
protocol standardized by our research group (14). First, the
plates (Costar™, model 3690, Corning, USA) were coated
with monoclonal anti-LDL(-) (MADb-1A3) (0.5 ug/mL, 50 pl/
well) diluted in carbonate-bicarbonate buffer (0.25 M, pH
9.6), and the plates were incubated overnight at 4°C. Free
sites were then blocked with skim milk (Molico, Nestlé®,
Sao Paulo, Brazil) diluted to 5% in phosphate-buffered saline
0.01 mol/L (PBS-Tween 0.01%, pH 7.4) and were incubated
at 37°C for 2h. Then, the plates were washed four times with
PBS-Tween (0.05%). Later, 50 pL/well of plasma diluted
1:1600 in PBS-Tween (0.01%) was added, and the plates were
incubated for 2h at 37°C. Next, the plates were washed as
previously described, and 50 pL/well of biotinylated mono-
clonal anti-LDL(-) (Mab 2C7) (0.12 pg/mL, 50 pL/well) was
added. The plates were incubated at 37°C for 1h and were
then washed as described above. After this step, 50 pL/well
of streptavidin-peroxidase (1:60,000) diluted in PBS-Tween
(0.01%) and 1% milk were added. The plates were incubated
for 1h at 37°C and washed again, as previously described.
The color reaction was developed by adding 3,3',5,5'-
tetramethylbenzidine (TMB) substrate comprising citrate-
phosphate buffer (0.1 M, pH 4.2) and H,O, (30%) (250/12/
10, pL/mL/pL). The plates were incubated for 10 min at
37°C. The reaction was blocked with 50 puL/well H,SO4 (2 M),
and the absorbance was monitored at 450 nm. The results
were expressed as the mean absorbance minus the back-
ground sample and were then applied to the standard curve,
multiplied by the corresponding titer, and expressed in U/L.
The standard curve was calibrated with LDL(-) obtained
from a plasma pool.

Plasma antioxidant measurements

Plasma antioxidants (a-tocopherol, retinol and B-carotene)
were analyzed by high-pressure liquid chromatography at
the Vitae Clinics Laboratory. Antioxidants were extracted
from plasma using commercial kits (Chromsystems, Munchen,
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Germany). All analyses were performed in duplicate, and
antioxidant levels were determined using curves generated
with external standards with multiple levels. The efficacy of
the method was monitored using an internal standard.

Statistical analysis

The statistical analysis was performed using SPSS 20.0 (Sta-
tistical Package for the Social Sciences) (15). The Kolmogorov-
Smirnov test was used to evaluate the normal distribution of
variables (p>0.05). The results are presented as the means
and standard deviation (SD) or medians and interquartile
range (p25 and p75). Comparisons between the NW and
OB groups were evaluated using Student’s t-test or the
Mann-Whitney U-test. Comparison between tertiles of oxLDL
and LDL(-) and other variables were tested by analysis of
variance (one-way ANOVA) and Linear Trend Analysis,
and the post-hoc Bonferroni test for multiple comparison
adjustment was applied. To assess the hypothesis that
plasma lipids can improve the probability of changes in
oxLDL and LDL(-) in adolescents, logistic regression models
were tested after multiple adjustments (age, sex, sexual
maturation, BMI and WC). In the logistic regression models,
the data were stratified into quartiles, and the 75" percentile
of oxLDL, LDL(-), Apo Al and Apo B was accepted as
a cutoff point. For other lipid parameters, cutoff points
were established according to previous guidelines: TC=
150 mg/dL; LDL-C=100 mg/dL; HDL-C=45 mg/dL; TAG=
100 mg/dL (16). For all analyses, the significance level
adopted was p<0.05.

B RESULTS

The NW and OB groups showed similar distributions of
sex, age and sexual maturation, with higher frequencies of
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girls in both groups (NW: 66.67%; OB: 63.24%). More than
94% of the total sample was in the pubertal stage, and FM
and WC data confirmed the nutritional status of adolescents
classified according to BMI. As expected, obesity was asso-
ciated with higher plasma levels of TAG, insulin, HOMA-IR,
NEFAs, and CETP and lower plasma levels of HDL-C and
Apo Al in the total samples. After sex stratification, a reduced
value of HDL-C in obese girls was directly related to increased
levels of CETP and NEFAs. In addition, the plasma Apo Al
level was lower in both obese groups. In the OB group, plasma
f-carotene and a-tocopherol levels were lower than in the NW
group. Reduced antioxidant levels in the OB group were
related to high contents of oxLDL and LDL(-). In girls, but
not in boys, obesity was associated with higher values of
LDL(-) (p=0.029) (Table 1). Plasma LDL(-) and oxLDL were
significantly higher in the OB group than in the NW group.
This profile was confirmed by higher values of oxLDL in ado-
lescents with increased values of BMI, WC and FM. LDL(-)
was significantly higher in obese adolescents (Figure 1).
Table 2 describes the linear trends for oxLDL and LDL(-),
as well as anthropometric and lipid parameters. Higher tertiles
of oxLDL were associated with increased values of BMI, WC
and FM. Similar profiles were observed for non-HDL, LDL-
C, TAG and Apo B. In contrast, higher tertiles of LDL(-) were
related to higher BMI and WC values. This profile was con-
firmed by analysis of variance. Similarly, neither oxLDL nor
LDL(-) were correlated (r=0.068, p=0.429) after dividing the
adolescents by BMI (NW group: r=-0.012, p=0.919; OB group:
r=0.061, p=0.621) and sex (girls: r=0.023, p=0.827; boys: r=
0.139, p=0.347). Because some of the obese adolescents had
normal lipid parameter values, we tested logistic regression
models based on cutoff points for dyslipidemia. The odds
ratios confirmed that none of the tested lipid variables
showed significant improvements in LDL(-), except for Apo

Table 1 - Anthropometric and biochemical parameters in normal weight (NW) and obese (OB) adolescents.

#

Variables Nw OB p-value
Girls (n=46) Boys (n=23) Total (n=69) Girls (n=43) Boys (n=25) Total (n=68)

Age (years) 14.2 (2.1) 13.5 (2.2) 14.6 (2.2) 15.4 (2.1) 14.2 (2.5) 13.7 (2.3) 0.815
BMI (kg/m?) 20.4 (1.9) 20.4 (2.1) 20.4 (1.9) 32.1 (6.1)* 31.9 (4.8)** 32.0 (5.6) <0.001
Waist circumference (cm) 68.3 (5.5) 70.9 (5.0) 69.2 (5.5) 93.9 (10.9)* 100.3 (12.4)** 96.3 (11.8) <0.001
Fat mass (%) 22.3 (6.0) 11.8 (6.7) 18.8 (8.0) 34.2 (6.2)* 29.1 (5.6)** 32.3 (6.6) <0.001
Free fat mass (%) 70.2 (13.7) 88.2 (6.7) 76.2 (14.6) 64.4 (7.1)* 70.9 (5.9)** 66.8 (7.3) <0.001
Total cholesterol (mg/dL) 149.1 (31.8) 136.3 (34.4) 144.8 (33.0) 139.7 (45.1) 142.6 (27.3) 140.8 (39.3) 0.517
HDL-cholesterol (mg/dL) 44.2 (15.0) 39.2 (10.8) 42.5 (33.5) 34.9 (11.3)* 35.2 (12.6) 35.0 (11.7) <0.001
Non-HDL-cholesterol (mg/dL) 104.9 (34.4) 104.9 (34.4) 102.3 (34.9) 104.9 (48.8) 107.4 (29.3) 105.8 (42.4) 0.596
LDL-cholesterol (mg/dL) 89.8 (34.4) 82.5 (34) 87.4 (34.2) 87.1 (43.9) 87.4 (28.7) 87.2 (38.7) 0.976
Triacylglycerol (mg/dL) 75.4 (29.4) 73.0 (31.4) 74.6 (29.9) 89.0 (48.6) 100.3 (42.1)** 93.1 (46.3) 0.006
Apo B (mg/dL) 62.6 (9.8) 64.3 (11.8) 63.2 (10.4) 65.5 (18.6) 62.8 (13.7) 64.5 (16.9) 0.586
Apo Al (mg/dL) 123.8 (19.5) 115.5 (13.4) 121.0 (181.0) 113.6 (24.8)* 104.8 (15.6)** 110.0 (22.2) 0.002
Glucose (mg/dL) 78.0 (13.2) 82.2 (12.2) 79.4 (12.9) 81.6 (11.7) 85.1 (8.9) 82.9 (10.8) 0.09

Insulin (uU/mL) 16.5 (8.0) 13.3 (5.0) 15.4 (7.3) 27.6 (16.6)* 24.1 (11.7)** 26.3 (15.0) <0.001
HOMA-IR 3.2(1.7) 2.7 (1.1) 3.0 (1.5) 5.6 (3.5)* 5.1 (2.7)** 5.5 (3.2) <0.001
NEFAs (Eq/L) 520.0 (189.8) 431.0 (213.6) 490.4 (201.0) 682.0 (463.1)* 583 (255.1)** 645.4 (400.1) 0.004
CETP (pmol/ul/h) 28.9 (26.1) 40.3 (42.7) 32.7 (32.7) 53.8 (40.2)* 58.4 (50.6) 55.5 (44.0) <0.001
oxLDL (U/L) 48.0 (17.3) 46.3 (23) 47.4 (19.2) 56.5 (24.5) 56.4 (24.3) 56.5 (24.2) 0.017
LDL(-) (U/L) 0.9 (0.5) 0.8 (0.5) 0.9 (0.5) 1.2 (0.5)* 1.0 (0.5) 1.1 (0.5) 0.019
B-carotene (umol/L) 0.5(0.7) 0.3 (0.2) 0.4 (0.6) 0.2 (0.1)* 0.2 (0.2)** 0.2 (0.1) <0.001
Retinol (umol/L) 1.4 (0.5) 1.6 (0.7) 1.4 (0.6) 1.3 (0.6) 1.6 (0.5) 1.5 (0.6) 0.883
a-tocopherol (umol/L) 16.6 (5.1) 16.9 (5) 16.7 (5.0) 13.7 (5.1)* 14.3 (5.7) 14.0 (5.3) 0.002

The data are presented as the means (Standard Deviation). Student’s t-test and Mann-Whitney U test. *Differences between girls in the OB group vs girls
in the NW group. **Differences between boys in the OB group vs boys in the NW group. *Differences between total NW vs OB groups. Significance level
(p <0.05). NW: normal weight; OB: obesity; BMI: body mass index; HDL: high-density lipoprotein; LDL: low-density lipoprotein; Apo B: apolipoprotein B;
Apo Al: apolipoprotein Al; HOMA-IR: homeostasis model assessment for insulin resistance; NEFAs: non-esterified fatty acids; CETP: cholesterol ester
transfer protein; oxLDL: oxidized LDL; LDL(-): electronegative LDL. Significant p values (<0.05) are in bold.
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Figure 1 - Oxidized LDL (oxLDL) and Electronegative LDL [LDL(-)] divided according to body mass index (BMI), waist circumference (WC),
and fat mass (%FM). The data are shown as the means (standard deviation). Student’s t-test. *Statistical significance p<0.05.

AI (AOR=2.980, p=0.028). In contrast, adolescents with higher
values of TC, LDL-C, Apo B and TAG showed a three-fold
higher probability of having oxLDL, while higher values of
HDL-C and Apo Al were associated with a decrease in this
particle, albeit not a significant one. These associations were
independent of adjustments for age, sex, sexual matura-
tion, body mass index and waist circumference (Table 3).

H DISCUSSION

The results presented in this study confirm that modifica-
tions in LDL are strongly influenced by different pathways in
obese adolescents. The negative impact of obesity on cardio-
vascular diseases has been the focus of many studies (1);

however, increasing rates of obesity in children and adoles-
cents have stimulated new approaches (3). Similar to the
well-established findings in obese adults, obesity in adoles-
cents promotes metabolic abnormalities, such as dyslipide-
mia, hypertension, glucose intolerance, and type 2 diabetes
(17,18). Our results show increased values of glucose (insulin
and HOMA-IR) and lipid (TAG, NEFAs and CETP) para-
meters, which contribute to modifications of LDL. Obesity,
particularly abdominal obesity, induces oxidative stress by
increasing visceral fat deposition and NEFA release (19).
Elevated NEFA levels promote hepatic TAG synthesis and,
consequently, increase CETP activity. This protein modulates
cholesterol ester transfer to apolipoproteins rich in Apo B,
such as very-low-density lipoprotein (VLDL) and LDL, and
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Table 2 - Analysis of variance (ANOVA) and linear trend between oxLDL and LDL(-) and anthropometric and lipids parameters.

oxLDL (U/L) 1° tertile (n=45) 2° tertile (n=46) 3° tertile (n=46) p for ANOVA p for trend
31.2 (29.4; 33.1) 47.8 (46.3; 49.2) 76.3 (70.5; 82.1)
Anthropometric variables
BMI (kg/mz) 23.8 (22.2; 25.5)* 27.0 (24.6; 29.5) 27.6 (25.5; 29.6)* 0.026 0.013
WC (cm) 76.9 (73.0; 80.8)* 83.9 (78.2; 89.5) 87.0 (82.6; 91.5)* 0.009 0.003
FM (%) 22.5 (19.6; 25.5)* 26.6 (23.7; 29.4) 27.4 (24.5; 30.3)* 0.026 0.007
Lipid variables
non-HDL-C (mg/dL) 89.5 (81.5; 97.5)* 98.6 (89.9; 107.4) 123.6 (109.3; 138.0)* <0.001 <0.001
Apo Al (mg/dL) 121.2 (113.3; 129.1) 111.4 (106.6; 116.3) 114.8 (109.3; 120.3) 0.059 0.115
Apo B (mg/dL) 57.0 (53.4; 60.6)* 61.8 (59.2; 64.4)** 72.6 (68.0; 77.3)*"** <0.001 <0.001
HDL-C (mg/dL) 40.5 (36.6; 44.4) 36.5 (33.0; 39.9) 39.4 (34.9; 43.9) 0.362 0.641
LDL-C (mg/dL) 74.8 (66.9; 82.7)* 83.4 (74.9; 91.9)** 103.4 (89.9; 116.9)*** <0.001 <0.001
TAG (mg/dL) 73.8 (65.8; 81.7) 76.2 (65.9; 86.5) 101.2 (86.6; 115.9) 0.001 0.001
LDL(-) (U/L) 1° tertile (n=45) 2° tertile (n=46) 3° tertile (n=46) p for ANOVA p for trend
0.4 (0.3;0.4) 1.0 (1.0;1.1) 1.5 (1.5;1.6)
Anthropometric variables
BMI (kg/m?) 24.2 (22.3; 26.1) 27.1(24.7; 29.4) 27.22 (25.3; 29.2) 0.072 0.037
WC (cm) 78.3 (73.6; 83.0) 84.7 (79.5; 89.9) 84.8 (80.3; 89.4) 0.047 0.022
FM (%) 22.5 (19.5; 25.5) 26.5 (23.7; 29.4) 27.4 (24.5; 30.3) 0.135 0.078
Lipid variables
non-HDL-C (mg/dL) 108.2 (95.7; 120.7) 99.4 (88.8; 109.9) 104.7 (93.0; 116.3) 0.585 0.622
Apo Al (mg/dL) 116.0 (108.0; 124.1) 115.0 (110.4; 120.0) 116.3 (110.5; 122.0) 0.837 0.676
Apo B (mg/dL) 63.7 (59.5; 68.0) 64.0 (59.9; 68.2) 63.8 (59.6; 68.0) 0.998 0.962
HDL-C (mg/dL) 40.3 (36.2; 44.4) 38.8 (35.1; 42.5) 37.3 (33.1; 41.4) 0.525 0.180
LDL-C (mg/dL) 90.2 (77.8; 102.5) 84.3 (74.4; 94.1) 87.5 (77.1; 98.0) 0.747 0.661
TAG (mg/dL) 90.2 (76.4; 104.1) 75.6 (66.5; 84.6) 85.7 (73.6; 97.9) 0.264 0.699

The results are shown as the means (confidence interval - Cl). Analysis of variance (one-way ANOVA) between tertiles and Bonferroni test for multiple
comparisons adjustment. *Differences between 2° and 3° tertiles vs 1 tertile. **Differences between 2° tertile and 3° tertile. Models adjusted by age, sex,
and sexual maturation. Significance p <0.05. BMI: body mass index; WC: waist circumference; FM: fatt mass; HDL-C: high-density lipoprotein cholesterol;
Apo Al: apolipoprotein Al; Apo B: apolipoprotein B; LDL-C: low-density lipoprotein cholesterol; TAG: triacylglycerol. Significant p values (<0.05) are in bold.

Table 3 - Multiple Logisitic Regression Models for impact of lipid
profile in modified low-density lipoprotein: oxLDL and LDL(-).

Variables oxLDL (p>75) LDL(-) (p>75)
AOR p AOR p

TC

<150 (mg/dL) ref. ref.

>150 (mg/dL) 4.334 0.001 0.773 0.559
LDL-C

<100 (mg/dL) ref. ref.

>100 (mg/dL) 3.990 0.002 0.591 0.278
HDL-C

<45(mg/dL) ref. ref.

>45(mgl/dL) 0.669 0.408 0.727 0.524
TAG

<100 (mg/dL) ref. ref.

>100 (mg/dL0) 7.558 <0.001 0.799 0.642
Apo Al*

<p75 ref. ref.

>p75 0.919 0.870 2.980 0.028
Apo B*

<p75 ref. ref.

>p75 8.816 <0.001 0.730 0.537

n=137. The cutoff points were established according to V Brazilian Guide-
lines on Dyslipidemias and Prevention of Atherosclerosis (16). *For Apo
Al and Apo B, the cutoff points adopted were percentile 75 (p75). AOR:
Models adjusted by age, sex, sexual maturation, body mass index, and
waist circumference. Abbreviations: TC: total cholesterol; LDL-C: low-density
lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol; TAG:
triacylglycerol; APOAI: apolipoprotein Al; APOB: apolipoprotein B. Signif-
icant p values (<0.05) are in bold.

it promotes HDL enrichment with TAG. In this process,
hepatic lipase activity is stimulated, generating small, dense
LDL, which is more prone to oxidation (20). According to

Mello et al., at least 60% of small, dense LDL is represented
by LDL(-) (21). Our results show that obese adolescents have
increased values of oxXLDL and LDL(-) in addition to unbal-
anced glucose and lipid parameters. Previously, Alves et al.
showed that oxLDL was correlated with increased BMI,
TAG, and LDL-C and decreased HDL-C (22). This set of
features has also been described in other studies with obese
adults and adolescents (23-25). Similarly, an evaluation of
Latin adolescents by Ryder revealed that high oxLDL was
associated with abdominal adiposity, increased insulin sensi-
tivity, and TAG and decreased HDL-C levels (26). In our
study, only oxLDL was associated with lipid risk factors. In
contrast, LDL(-) did not show an association with the majority
of biomarkers, except for Apo Al, suggesting that additional
pathways link this marker to obesity. These differences can
be partially explained by the fact that other non-oxidative
pathways are involved in LDL(-) synthesis, such as enrich-
ment with NEFAs, Apo CIII, Lp-PLA,, as well as glycation
reactions and crosslinking with hemoglobin (8). Furthermore,
LDL(-) is a LDL subfraction that shows increased levels of
Apo CIII (lipase inhibitor), which regulates lipoprotein lipase
in association with Apo CII (lipase activator), both of which
contribute to TAG homeostasis and the generation of small,
dense LDL (27).

Regarding the common oxidative basis linking oxLDL and
LDL(-), we evaluated antioxidant vitamins in adolescents.
Our results showed lower a-tocopherol and B-carotene levels
in obese adolescents. Previously, Neuhouser et al. showed that
obesity was related to low bioavailability of o-tocopherol and
was directly related to the oxidative susceptibility of LDL (28).

In our study;, a slight influence of sex on CETP and HDL-C
was observed in obese girls, suggesting a potentially higher
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cardiovascular risk in this group. Based on the connection
between CETP, HDL-C, and small, dense LDL, obese girls in
our study showed increased LDL(-) values compared with
girls of normal weight. Recently, Rao et al. used an elegant
twin cohort design to show that changes in oxidized lipopro-
teins and Lp(a), an important carrier of oxidized phospho-
lipids, were strongly mediated by heritability (29). That
study adds a new mechanistic view to explain the differences
in the risk of cardiovascular diseases by sex (men versus
women) and hormonal status (premenopausal versus post-
menopausal) that have been classically described in the
literature (30). Hormonal and genetic parameters were not
monitored in our study; however, previous scientific evidence
has confirmed that both parameters influence lipid metabo-
lism and LDL modifications (oxidative or not) (31). Accord-
ing to Lee et al.,, during puberty, increased estrogen levels
prevent the oxidative DNA damage and endothelial senes-
cence induced by LDL(-) (32). Our study was not able to
confirm that finding; however, more than 94% of adolescents
were in the pubertal stage, and both groups showed similar
distributions between girls and boys. Nonetheless, obese
girls had a worsened cardiovascular profile, indicating that
other mechanisms can influence lipid metabolism and modi-
fications of LDL during puberty, such as a higher percentage
of fat mass, a common feature in females. To the best of
our knowledge, our results are the first to provide evidence
for the complementary role of LDL(-) and oxLDL in monitor-
ing the risk of cardiovascular diseases in obese adolescents,
reinforcing their potential as biomarkers. LDL(-) and oxLDL
were not correlated in the total sample and were split by
sex or obesity. Similarly, linear trend analysis and logistic
regression models confirmed that although obese adoles-
cents had more LDL(-), the variability was not explained
by lipid parameters monitored in this study, except for a
significant linear trend with BMI and WC. This possibility
was shown in a recent review performed by Ivanova et al,,
which proposed LDL(-) as an independent cardiovascular
risk factor (33). In contrast, Hsu et al. identified asso-
ciations between LDL(-) and multiple cardiovascular risks,
suggesting that this particle can be used as a novel cardio-
vascular risk factor (34). Several authors have described
oxLDL and LDL(-) as pro-inflammatory and pro-atherogenic
particles and have shown different features of these modified
LDL (6,35). Others have found associations between obesity
and oxLDL levels in adult populations (36,37) as well as in
children and adolescents (5,35,38). Thus, a large-scale cohort
study should be performed to establish oxLDL and LDL(-) as
cardiovascular biomarkers or risk factors for cardiometabolic
risk in adolescents.

Combined, these cardiovascular risk factors in association
with modified LDL show a worsened profile in obese indivi-
duals, possibly contributing to early atherosclerosis proces-
ses, as proposed previously (39,40). Although clinical events
rarely occur before the age of 60 years, monitoring classical
risk factors and modified LDL in obese adolescents using
intermediate outcomes, such as carotid intima-media thick-
ness, could improve the prevention of cardiovascular diseases.

Significant odds ratios observed in our study contribute to
ample research surrounding new biomarkers, cardiovascular
risk factors in adolescence, and their impact in the causality
of heart disease in adults. Our results confirm that modified
LDL is part of the pathophysiology of obesity, and it is asso-
ciated with other biomarkers in obese adolescents. Using
adjusted logistic regression models, we showed that oxLDL
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was independently associated with multiple classical lipid
markers; however, we highlight some pitfalls and limitations,
including the function of different populations, life stage,
sample size, analytical methods, and statistical approaches,
as described in an elegant review by Brotman and Lauer
(2005) (41).

In summary, cardiometabolic risk factors in obese adoles-
cents may influence the modification of LDL particles in addi-
tion to the imbalance of glucose homeostasis and lipid meta-
bolism. Obese adolescents show increased plasma LDL(-)
and oxLDL levels, and obese girls have more LDL(-) than
obese boys. Therefore, oxXLDL was independently associated
with multiple lipid markers, while increased values of LDL(-)
were influenced by sex, age, sexual maturation, BMI, and
WC in obese adolescents.
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