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A B S T R A C T   

Background: Triglyceride-rich lipoproteins (TRL: chylomicrons and VLDL) are a key component of diabetes 
dyslipoproteinemia and cardiovascular risk. We have shown that it is already prevalent in obese adolescents in 
association with lipoprotein lipase (LPL) dysregulation. Insulin resistance (IR) suffices to produce TRL dyslipo
proteinemia and LPL dysfunction even in the absence of obesity. 
Methods: This cross-sectional study included euglycemic adolescents between 15 and 19 y, classified in 4 groups 
according to BMI, HOMA-IR and fasting lipid as: metabolically healthy lean (MHL, n = 30), metabolically un
healthy lean (MUL, n = 25), metabolically healthy obese (MHO, = 30), and metabolically unhealthy obese 
(MUO, n = 42). 
Results: As compared to MHL, MUL participants showed 73% higher concentrations of ApoB-48; 84% of ApoC-III; 
24% ANGPTL-3; 200% of TG; 218% of VLDL-C and 238% of TG/HDL-C c, No changes were found in LPL mass. 
Interestingly, the differences in these parameters between MUL and MHO were not significant. 
Conclusion: Euglycemic lean adolescents with IR display TRL dyslipoproteinemia with increased inhibition of LPL 
as highlighted by higher concentrations of ANGPTL-3, ApoC-III and fasting chylomicron remnants (ApoB-48).   

1. Introduction 

Over the last few decades obesity has reached global epidemic pro
portions in children as well as adults [1]. Despite its drawbacks and 
limitations, one of today’s most important population health parameters 
is high body mass index (BMI) [2]. Children or adolescents with obesity 
already display one or more cardiovascular risk factors such as dyslipi
demia, impaired glucose tolerance, even type 2 diabetes, arterial hy
pertension, and others [3]. Elevated concentrations of triglyceride-rich 
lipoproteins (TRL), such as chylomicrons (CM) and very low density 
lipoprotein (VLDL), which are the main carriers of triglycerides (TG) in 
the blood, have been associated with an increased risk of cardiovascular 
disease (CVD) [4]. ApoB-48, the apolipoprotein in chylomicrons (car
riers of exogenous TG), is a marker of chylomicron remnant lipoproteins 
[5], high concentrations in serum are thought to be one of the risk 
factors for atherosclerosis and CVD [6]. 

We have recently shown that increases in TRL are precociously 
prevalent in adolescents with obesity in association with lipoprotein 

lipase (LPL) dysregulation which suggest a role for delayed catabolism of 
TRL as a causative factor [7]. 

Capillary LPL is the key enzyme linked to plasma TG catabolism [8]. 
TG hydrolysis and uptake of the resulting fatty acids are largely 
dependent of this enzyme [4]. Angiopoietin-like peptide 3 (ANGPTL-3) 
and apolipoprotein C-III (ApoC-III) are the main inhibitors of LPL [9,10]. 
Unrestrained inhibition of LPL by either ApoC-III or ANGPTL-3 has been 
shown to be a major factor in CVD residual risk [7] and the issue is so 
important as to justify the need to study the different factors involved in 
the regulation of lipid metabolism that could provide potential thera
peutic approaches for the treatment of dyslipidemia-related diseases. 

Additionally, current evidence highlights the pivotal role of 
lipoprotein-associated phospholipase A2 (Lp-PLA2) and cytokines in 
mediating vascular inflammation, the earliest steps to atherosclerosis, 
making it a valuable marker of subclinical ongoing arterial lesion 
[11,12]. The hallmark of atherosclerosis is (ectopic) lipid accumulation 
and inflammation in vessel walls which underlie development of CVD 
[13]. 
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Most of the studies about risk of cardiovascular disease in adoles
cents have been conducted in populations with obesity, whether they 
are free of cardiovascular risk factors called “Metabolically Healthy 
Obese” (MHO) [14] or the ones that have alterations in the lipid and 
glucose profile called “Metabolically Unhealthy Obese” (MUO) [15]. 
Many studies compare these populations with “Metabolically Healthy 
Lean Adolescents” (MHL). However, there is a subgroup that has not 
been adequately studied: adolescents with normal BMI but with alter
ation in their lipid and glucose profile known as “Metabolically Un
healthy Lean Adolescents” (MUL) [16]. 

Indeed, in recent years and at least in adults, a subgroup of people, 
named TOFI (thin on the outside, fat on the inside) has been described 
[17]. They display metabolic abnormalities previously associated with 
obesity without increased BMI. The main reason is the presence of 
ectopic fat, generating insulin resistance. Thus, it becomes imperative to 
test whether even adolescents with normal weight show car
diometabolic dyslipidemia that can lead to the development of cardio
vascular diseases, since early intervention is key to prevention [18]. 
Therefore, we hereby tested the hypothesis that insulin resistance (IR) 
suffices to produce TRL dyslipoproteinemia and LPL dysfunction even in 
the absence of obesity. 

2. Material and methods 

2.1. Participants 

This comparative cross-sectional study was conducted between 
August 2018 and May 2019 in 5 different educational institutions. A 
total of 1473 Mexican adolescents were screened for eligibility, of which 
317 met the inclusion criteria but only 127 (72 adolescents with obesity 
and 55 with normal weight) agreed to participate in the study. These 
adolescents were between 15 and 19 years old, without chronic, auto
immune, hormonal or infectious diseases. The participants were classi
fied in 4 groups according to BMI and whether or not they had lipid 
alterations (TC > 170 mg/dl, TG > 85 mg/dl HDL-C < 35 mg/dl) [19] 
and IR which was defined as a HOMA-IR > 3.0 [20]. Adolescents were 
classified as metabolically unhealthy when they met the one or more 
conditions of either dislypidemia (TC > 170 mg/dl, TG > 85 mg/dl, 
HDL-C < 35 mg/dl) or HOMA-IR > 3.0. Metabolically healthy means to 
fulfill all of the following conditions, TC < 170 mg/dl, TG < 85 mg/dl, 
HDL-C > 35 mg/dl, and HOMA-IR < 3.0. 

Thus, the 4 groups were as follows: metabolically healthy lean (MHL, 
n = 30), metabolically unhealthy lean (MUL, n = 25), metabolically 
healthy obese (MHO, = 30), and metabolically unhealthy obese (MUO, 
n = 42). This study was approved for the Institutional Committee of 
Bioethics of the University of Guanajuato (CIBIUG-P24-2018). Both 
adolescents and their parents or tutors signed an informed consent form. 

2.2. Anthropometric measures and blood pressure 

The height and weight of the subjects were measured using a SECA 
stadiometer and a SECA scales, respectively, following standardized 
methods, BMI was calculated as according to WHO child growth charts 
[21]. 

Blood pressure was measured with an Omron HEM-7320-LA elec
tronic monitor (Omron Healthcare Co. Ltd.) in the non-dominant hand 
after 10 min of rest in the sitting position, and the average of 3 mea
surements was recorded. 

2.3. Biochemical measurements 

A venous blood sample was obtained after 8–12 h of fasting and was 
processed the same day to measure glucose, (GOD-PAPTM) and lipids 
using enzymatic methods in an autoanalyzer (Spinreact-Spinlab). Serum 
aliquots were stored at –80◦ C until further analyses by ELISA kits to 
measure insulin (ALPCOTM), ANGPTL-3 (DuoSet), Human IL-6 by 

Quantikine ELISA Kit). Apolipoprotein B-48 (Fujifilm), APO C-III (Mil
lipore Sigma) and LPL (MyBioSource Inc.) Homeostatic model 
assessment-insulin resistance (HOMA-IR) was calculated according to 
Matthews et al [22] and insulin resistance was defined as above 95% 
percentile, according to a previous report in Mexican adolescents [23]. 

To determine the alterations in the lipid profile we employed the 
recommendations for children and adolescents of the National Choles
terol Education Program, total cholesterol < 170 mg/dl, triglycerides <
85 mg/dl, HDL-C > 35 mg/dl and glucose < 90–130 mg/dl [19]. The 
triglycerides/HDL-C and total cholesterol/HDL-C indexes were 
calculated. 

2.4. Statistical analysis. 

The distribution of the data was evaluated with the Shapiro-Wilk test 
and the results are expressed as mean ± SD for continuous variables with 
normal distribution and the median and interquartile range for variables 
with a skewed distribution. The differences between groups were eval
uated by ANOVA for variables with normal distribution and Kruskal 
Wallis test for nonparametric variables and the post hoc analysis by 
Tukey-HSD test. Spearman correlation analysis was used to determine 
the univariate correlation between the different variables in the study. 
All analyses were performed using Statistica 7 software (StatSoft Inc.). 
Significance was defined as a value of p < 0.05. 

3. Results 

The clinical and biochemical characteristics of the adolescents are 
summarized in Table 1. As shown in Table 2 by design, lipid profile in 
the adolescents, were significantly different between the groups. The 
adolescents in the group MUL have higher concentration of total 
cholesterol, LDL-C, VLDL-C and triglycerides than the MHL and MHO 
but similar concentrations as compared with the MUO group. 

Fig. 1 shows the differences in ApoC-III and ANGPLTL-3 between the 
groups. ApoC-III is 84% higher in MUL (82.7 ± 44 µg/ml) and ANGPTL- 
3 is 24% higher in MUL (98.3 ± 29.9) compared with MHL (ApoC-III: 
44.7 ± 27.05 µg/ml) and (ANGPTL-3: 79.6 ± 18.8 ng/ml) and shows no 
significantly differences compared with MUO (ApoC-III: 59.4 ± 51.55 
µg/ml) and (ANGPTL-3: 95.7 ± 22.3 ng/ml). 

To explore the presence of delayed catabolism of chylomicrons as a 
result of the changes in ANGPTL-3 and ApoC-III shown above, we 
measured fasting ApoB-48, which showed a trend to be higher in obese 
vs metabolically healthy lean adolescents in spite of the large inter in
dividual variability. Of note ApoB-48 is up by 73% in MUL as compared 
with MHL and the highest concentration compared with the other three 
groups, suggesting an early delay in chylomicron catabolism when IR is 
present even in lean subjects (Table 3). To probe whether the changes 
found could be due in part to changes in LPL mass, we measured the 
circulating fraction of LPL. No changes were found among the groups. 
Given the key role of inflammation as a primer for IR and a marker of 
dysfunctional visceral fat, we measured one key cytokine, IL-6. IL-6 
shows a gradient in the four groups: MUO > MHO > MUL > MHL, with 
statistical differences between MUO and the rest of the groups. In the 
light of the lipoprotein changes and to determine if there was inflam
matory damage at the vascular level, we measured Lp-PLA2. Fortu
nately, no significant differences were found between the groups. 

Table 4 shows the correlations found between HOMA-IR as an index 
of IR and the parameters of interest. As expected, HOMA-IR correlated 
with BMI, TG/HDL-C and TC/HDL-C. Of note, ApoB-48 also correlated 
with HOMA-IR (Rho = 0.186, p = 0.04) (Table 4) and so did IL-6 (Rho 
0.43, p < 0.00001). 

4. Discussion 

In this exploratory and comparative cross-sectional study on ado
lescents with different BMI and metabolic conditions we show that lean 
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Table 1 
Clinical and biochemical characteristics of adolescents.  

Groups Lean adolescents Adolescents with obesity Paired comparisons 
Variable MHL(n =

30) 
MUL (n =
25) 

MHO(n =
30) 

MUO(n = 42) p 
valueANOVA 

p(MHLvsMHO, 
MUO) 

p(MULvsMHO, 
MUO) 

pMHLvsMUL /p 
(MHOvsMUO 

Female/male 13/17 16/9 19/11 27/15     
Age (y) 16.1 ± 1.1 16.1 ± 1.1 16.3 ± 1.2 16.4 ± 1.0  0.48    
Weight (kg) 55.6 ± 8.1 57.3 ± 7.3 81.0 ± 9.8 91.3 ± 13.8  <0.00001 (<0.0001, 

<0.0001) 
(<0.0001, 
<0.0001)  

Height (m) 1.6 ± 0.1 1.6 ± 0.1 1.6 ± 0.1 1.6 ± 0.1  0.92    
BMI (Kg/m2) 20.4 ± 1.6 21.1 ± 2.0 30.2 ± 2.6 33.4 ± 4.1  <0.00001 (<0.0001, 

<0.0001) 
(<0.0001, 
<0.0001)  

SBP (mm/Hg) 108.8 ±
12.4 

106.7 ± 14.2 106.0 ± 9.6 116.5 ± 9.2  <0.002 (NS, p < 0.03)  (<0.04) 

DBP (mm/Hg) 68.5 ± 6.1 68.0 ± 7.1 71.0 ± 6.5 76.3 ± 7.5  <0.00003 (NS, <0.001) (NS, <0.009) (<0.03) 
Fasting glucose 

(mg/dl) 
91.3 ± 9.4 89.8 ± 10.6 87.5 ± 9.1 95.8 ± 9.9  <0.004  (<0.009, NS)  

Insulin mlU/l* 5.2 
(3.1–7.5) 

11.3 
(7.7–20.8) 

9.1 
(6.9–10.6) 

24.2 
(18.2–30.1)  

<0.00001 (NS, <0.001) (<0.0009), 
<0.0009) 

(<0.0001/(<0.0001) 

HOMA-IR* 1.2 
(0.7–1.7) 

2.5(1.8–4.2) 1.8(1.4–2.5) 5.8(4.3–7.5)  <0.00001 (NS, <0.0001) (<0.0009), 
<0.0009) 

(<0.0001)/(<0.0001) 

Creatinine* (mg/ 
dl) 

0.8 
(0.8–0.9) 

0.8(0.7–1.0) 0.9(0.8–0.9) 0.8(0.7–0.9)  0.29    

Data are shown as mean ± SD except for *Non– parametric data, median (interquartile range). MHL (Metabolically healthy lean), MUL (Metabolically unhealthy lean), 
MHO (Metabolically healthy obese), MUO (Metabolically unhealthy obese). Weight and BM, SBP (systolic blood pressure), DBP (diastolic blood pressure), HOMA-IR 
(Homeostatic model assessment of insulin resistance) 

Table 2 
Lipid profile of adolescents.  

Groups Lean adolescents Adolescents with obesity ANOVA Paired comparisons 
Variable MHL (n =

30) 
MUL (n =
25) 

MHO (n =
30) 

MUO (n =
42) 

p value p(MHLvsMHO, 
MUO) 

p(MULvsMHO, 
MUO) 

pMHLvsMUL /p 
(MHOvsMUO 

Total Cholesterol (mg/ 
dl) 

149.4 ±
26.3 

176.7 ±
34.6 

155.7 ±
29.2 

180.4 ±
35.8  

<0.0001 (NS, <0.01)  (<0.02)/(<0.003) 

LDL-C (mg/dl) 88.8 ± 27.0 106.5 ±
30.5 

92.3 ± 28.6 112.4 ±
28.4  

<0.002 (NS, <0.02)   

HDL-C (mg/dl) 49.2 ± 10.3 45.2 ± 10.7 43.2 ± 11.0 41.2 ± 7.6  <0.007 (NS, <0.02)   
Non– HDL-C (mg/dl) 100.2 ±

26.8 
131.5 ±
30.0 

112.6 ±
25.5 

139.2 ±
35.0  

<0.000001 (NS, <0.0001)  (<0.004)/(<0.003) 

VLDL-C (mg/dl) 11.4 ± 3.1 24.5 ± 6.1 16.9 ± 6.5 27.4 ± 12.9  <0.00001 (NS, <0.0001) (<0.007, NS), (0.00001)/(<0.00007) 
Triglycerides (mg/dl) 57.3 ± 15.2 122.8 ±

30.1 
84.3 ± 32.0 133.8 ±

67.3  
<0.00001 (NS, <0.0001) (<0.008, <0.008) (0.00001)/(<0.0003) 

TG/HDL-C 1.2 ± 0.4 2.9 ± 1.0 2.1 ± 1.1 3.5 ± 2.0,  <0.00001 (NS, <0.00001)  (0.0001)/(<0.003) 
TC/HDL-C 3.1 ± 0.7 4.0 ± 1.0 3.7 ± 0.7 4.5 ± 1.0  <0.00001 (NS, <0.004)  (<0.04) 

Data are shown as mean ± SD. MHL (Metabolically healthy lean), MUL (Metabolically unhealthy lean), MHO (Metabolically healthy obese), MUO (Metabolically 
unhealthy obese). 

Fig. 1. Concentrations of ApoC-III and ANGPLTL-3 in the different groups of adolescents Data are shown as mean ± S D. Metabolically healthy lean (MHL); 
metabolically unhealthy lean (MUL); metabolically healthy obese (MHO); metabolically unhealthy obese (MUO). 
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adolescents with IR have higher serum concentrations of ANGPTL-3, 
ApoC-III and ApoB-48 than lean adolescents without IR, and similar 
concentrations than the adolescents with obesity. MUL also present al
terations in the lipid profile similar to those shown by MUO, such as total 
cholesterol and triglycerides. When the TG/HDL-C and TC/HDL-C in
dexes are compared, MUO showed similar scores as compared to MUL, 
which suggests that both groups are at risk for cardiometabolic dysli
pidemia, and this risk is exacerbated by obesity. Another important 
finding is that MUL adolescents display a change in IL-6 consistent with 
altered adipose tissue signaling that favors inflammation and dyslipi
demia. On the other hand, absence of changes in Lp-PLA2 suggest that, 
fortunately, there appears to be no sign of early vascular inflammation. 

Our group had recently evaluated ANGPTL-3 in adolescents with 
normal weight and adolescents with obesity, finding higher concentra
tions in the group with obesity [7]. Our current study, with a different 
and larger cohort confirms the previous finding and adds the stratifi
cation of lean adolescents in two groups which allowed us to observe 
that MUL adolescents have significantly higher ANGPTL-3 (24%) than 
MHL and very similar to MUO. 

ANGPTL-3 is secreted from the liver and functions as a potent 
circulating inhibitor of LPL and endothelial lipase (EL) [24], most 
notably in the fed state. Inhibition of LPL in selected tissues i.e. adipose 
vs muscle is an important regulatory control in the fast-fed cycle [25]. 
During fasting, hydrolysis of VLDL-TG is preferentially shifted to muscle 
capillaries where fatty acids are used for energy whereas during feeding 
it is shifted to adipose where TG are employed for re esterification and 
storage [26]. ANGPTL-3 (more active during fasting) inhibits LPL ac
tivity and EL activity, and retards clearance of triglyceride-rich lipo
proteins upstream of LDL production in a tissue-specific manner that 
directs the TRL to adipose tissue preferentially. When its secretion is 
poorly regulated, the physiological action goes awry and excessive in
hibition raises plasma concentrations of triglycerides and reduces high- 
density lipoprotein cholesterol (HDL-C) [27–29]. In addition to inhib
iting LPL, ANGPTL-3 also inhibits the activity of EL, which hydrolyzes 

HDL phospholipids [30]. These actions explain the increase in circu
lating TG concentrations in MUL due to the inhibitory activity of higher 
concentrations of ANGPTL-3 on LPL activity. The importance of 
ANGPTL-3 in TRL dyslipoproteinemia is highlighted by the fact that 
phase I and II trials with either monoclonal antibodies (Evinacumab) or 
ASOs (IONIS-ANGPTL-3-LRX) and siRNA ARO-ANG3 are very promising 
therapeutic strategies in early development for the treatment of hyper
triglyceridemia [7,31–33]. 

The other key LPL inhibitor that we measured in this study is ApoC- 
III. Studies have shown that impaired catabolism of TRL, is linked to 
increased concentrations of plasma ApoC-III. ApoC-III regulates TRL 
fluxes as it both inhibits LPL-catalyzed hydrolysis of TRLs and attenuates 
the uptake of TRL remnants by the liver [34,35]. We found increased 
ApoC-III concentrations in MUL (84%) vs MHL. A possible increase in 
the percentage of visceral fat could be the cause of the insulin resistance 
already present in MUL. 

As occurs for ANGPTL-3, phase I and II trials with ASOs (AKCEA
pAPO-III-LRX) and siRNA ARO-APOC3 are new therapeutic strategies 
for the treatment of hypertriglyceridemia and residual risk for athero
sclerosis [7,9,36,37]. 

These main inhibitors of LPL that are now drugs targets are increased 
not only in obese subjects as we showed before, but in lean subjects as 
well provided they have IR. This finding is important as it suggests that 
obesity is not necessary for adolescents to have cardiometabolic dysli
pidemia, it aggravates it when present. 

Another significant finding of this study is the higher concentration 
of ApoB-48 in MUL (73%) than MHL, and more importantly the fact that 
it is higher than MHO and MUO. Our results show that adolescents with 
normal weight but alterations in their lipid profile or insulin resistance 
can have fasting high concentrations of ApoB-48. This implies the like
lihood that this is far worse in the postprandial state (which we did not 
study here and deserves further exploration). Chylomicron remnant 
dyslipoproteinemia can lead to the development of cardiovascular dis
eases in later stages of life. There are few published studies evaluating 
ApoB-48 only in adolescents. One of this studies suggest that fasting 
plasma ApoB-48 and remnant lipoproteins associate with early cardio
vascular diseases in adolescents and youth [38]. Vine et al evaluated 
ApoB-48 lipoprotein metabolism in female adolescents with polycystic 
ovary, finding that the group with obesity have elevated fasting and 
postprandial plasma TG and ApoB-48 lipoprotein remnants compared 
with the normal weight group [39]. ApoB-lipoprotein remnants are 
derived from both the intestine (chylomicrons and chylomicron rem
nants containing ApoB-48) and the liver (very low-density lipoprotein, 
and low-density lipoprotein [LDL] remnants containing ApoB-100) [40]. 
Impaired ApoB-48 chylomicrons metabolism in the fasted and nonfasted 
state has been observed in normolipidemic conditions and in those with 
increased incidence of CVD, including obesity, MetS, and diabetes [41]. 
Since humans are in the postprandial most of the day, the continuous 
generation of remnants after each meal may be an important causal risk- 

Table 3 
ApoB-48, LPL mass, IL-6 and Lp-PLA2 in adolescents.  

Groups Lean adolescents Adolescents with obesity Paired comparisons 
Variable MHL (n = 30) MUL (n = 25) MHO (n = 30) MUO (n = 42) p 

valueANOVA 
p(MHLvsMHO, 
MUO) 

p(MULvsMHO, 
MUO) 

P(MHLvsMUL)/p 
(MHOvsMUO 

ApoB-48 (µg/ 
ml)* 

7.12(4.5–9.8) 
œ 

1.2 (8.4–2.0) œ 9.2(5.6–1.3) 9.9(6.7–1.3) <0.004   (0.002)/NS 

LPL (ng/ml)* 11.0 (9.7–1.4) 10.7(9.9–11.7) 10.1 
(8.7–12.2) 

10.2(9.3–13.4) NS    

IL-6 (pg/ml)* 1.10(0.63–1.6) 
‡

1.57(0.52–3.3) 1.94(1.10–3.1) 
§

3.49(2.07–4.5) 
‡, §

<0.00001 (0.02,<0.0003) (NS, p < 0.02) (<0.02) 

Lp-PLA2 (ng/ 
ml)(n) 

451.5 ± 105.6 
(13) 

485.0 ± 100.1 
(16) 

554.1 ± 118.2 
(16) 

461.8 ± 121.4 
(17) 

NS    

Data are shown as mean ± SD except for *Non-parametric data, median (interquartile range). MHL (Metabolically healthy lean), MUL (Metabolically unhealthy lean), 
MHO (Metabolically healthy obese), MUO (Metabolically unhealthy obese. Apolipoprotein B-48 (ApoB-48), Lipoprotein lipase (LPL), Interleukin-6 (IL-6), Lipoprotein- 
associated phospholipase A2 (Lp-PLA2). 

Table 4 
Spearman correlation analysis in the total group.  

Correlations in the whole cohort 
Variable Rho p value 

HOMA-IR   
BMI  0.574 <0.00001 
TG/HDL-C  0.534 <0.00001 
TC/HDL-C  0.459 <0.00001 
ANGPTL-3  0.156 NS 
ApoB-48  0.180 0.04 
ApoC-III  0.054 NS 
IL-6  0.456 <0.00001 

Spearman correlation coefficient. ApoC-III: apolipoprotein C-III; ApoB-48: 
apolipoprotein B48; ANGPTL-3: angiopoietin-like protein 3: IL-6: interleukin 6. 
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factor for the development of atherosclerosis [42]. These results provide 
evidence or the early development of subclinical cardiovascular risk in 
adolescents even in absence of obesity. 

The findings of higher ApoC-III, ANGPTL-3 and ApoB48 in MUL as 
compared with obese adolescents are interesting and deserves further 
exploration. We posit that early IR in MUL induces rapid “acute” 
changes in lipoprotein metabolism. In time, when IR leads to obesity 
compensatory mechanisms may be at play to curb some of those 
changes. Longitudinal studies are needed to substantiate this putative 
mechanism. 

IL-6 was higher in MUO compared to the other groups, but it is 
important to highlight that the MUL and the MHO group did not differ. 
IL-6 is upregulated in response to ROS and vascular injury and highly 
representative of vascular inflammation [43]. Previous studies show 
serum IL-6 is a significant predictor of cardiovascular mortality [11,44]. 

Lp-PLA2 concentrations did not show significant difference among 
the four groups, suggesting that fortunately our cohort, although 
showing lipoprotein alterations, does not show evidence of arterial le
sions. There is still no established cutoff point for children and adoles
cents for this biomarker. However, interestingly, the mean of the four 
groups is higher than 200 ng/ml, which is the cutoff point in adults to 
consider it as a high CVD risk [45]. Lp-PLA2 is involved in the modifi
cation of lipids within atheromatous plaques. Lp-PLA2 was found to be 
predictive of thromboembolic episodes in adults [46]. 

The strengths of this work reside in the fact that there is a paucity of 
studies that evaluate adolescents in these four groups as well as the LPL 
and its main regulators. Despite having a small number of participants, 
the differences between the groups were significant. One of the limita
tions is that we did not study the postprandial state of adolescents, and 
changes may be even more important. Another limitation of this study 
was that, due to the small sample size, it was not possible to evaluate a 
possible gender effect on our results. Given the role of ethnicity in the 
prevalence of obesity our results may only apply to the Mexican popu
lation. Further studies are needed for generalization of the impact of 
these findings. 

5. Conclusion 

Euglycemic lean adolescents with IR display TRL dyslipoproteinemia 
with increased inhibition of LPL as shown by higher concentrations of 
ANGPTL-3 compounded with increased ApoC-III and associated with 
higher fasting chylomicron remnants (ApoB-48). The significance of 
these findings is double. First, they show that the dyslipidemia is 
indistinguishable from that found in MUO showing obesity is not 
necessary to produce it. Secondly, they suggest a mechanism for TRL 
dyslipidemia even in lean adolescents: increased LPL inhibition impairs 
VLDL and chylomicron catabolism leading to atherogenic remnants. 

CRediT authorship contribution statement 

Karla Paola Gutiérrez Castro: Conceptualization, Formal analysis, 
Investigation, Writing – original draft, Visualization. Alma Patricia 
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