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BACKGROUND: Lectin-like oxidized low-density lipoprotein (ox-LDL) receptor-1 is a scavenger receptor for oxidized low-density
lipoprotein. In adults, higher soluble lectin-like ox-LDL receptor-1 (sLOX-1) levels are associated with cardiovascular disease,
type 2 diabetes, and obesity, but a similar link in pediatric overweight/obesity remains uncertain.

METHODS AND RESULTS: Analyses were based on the cross-sectional HOLBAEK Study, including 4- to 19-year-olds from an
obesity clinic group with body mass index >90th percentile (n=1815) and from a population-based group (n=2039). Fasting
plasma levels of sLOX-1 and inflammatory markers were quantified, cardiometabolic risk profiles were assessed, and linear
and logistic regression analyses were performed. Pubertal/postpubertal children and adolescents from the obesity clinic
group exhibited higher sLOX-1 levels compared with the population (P<0.001). sSLOX-1 positively associated with proinflam-
matory cytokines, matrix metalloproteinases, body mass index SD score, waist SD score, body fat %, plasma alanine ami-
notransferase, serum high-sensitivity C-reactive protein, plasma low-density lipoprotein cholesterol, triglycerides, systolic and
diastolic blood pressure SD score, and inversely associated with plasma high-density lipoprotein cholesterol (all P<0.05).
sLOX-1 positively associated with high alanine aminotransferase (odds ratio [OR], 1.16, P=4.1 E-04), insulin resistance (OR,
1.16, P=8.6 E-04), dyslipidemia (OR, 1.25, P=1.8E-07), and hypertension (OR, 1.12, P=0.02).

CONCLUSIONS: sLOX-1 levels were elevated during and after puberty in children and adolescents with overweight/obesity com-
pared with population-based peers and associated with inflammatory markers and worsened cardiometabolic risk profiles.
sLOX-1 may serve as an early marker of cardiometabolic risk and inflammation in pediatric overweight/obesity.

REGISTRATION: The HOLBAEK Study, formerly known as The Danish Childhood Obesity Biobank, ClinicalTrials.gov identifier
number NCT00928473, https://clinicaltrials.gov/ct2/show/NCT00928473 (registered June 2009).
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CLINICAL PERSPECTIVE

What Is New?

e Plasma levels of soluble lectin-like oxidized
low-density lipoprotein receptor-1 are higher
in pubertal/postpubertal children and adoles-
cents with overweight/obesity compared with
population-based peers.

e Higher soluble lectin-like oxidized low-density Ii-
poprotein receptor-1 levels are associated with
circulating inflasnmatory markers and worsened
cardiometabolic risk profiles in children and
adolescents.

What Are the Clinical Implications?

* In adults, plasma concentrations of soluble
lectin-like oxidized low-density lipoprotein re-
ceptor-1 are a candidate biomarker for stable
coronary artery disease, ischemic stroke, and
acute coronary syndrome and herein associ-
ated with inflammation and cardiometabolic
complications in children and adolescents with
overweight/obesity.

Nonstandard Abbreviations and Acronyms

HOMA-IR homeostasis model assessment of
insulin resistance

MMPs matrix metalloproteinases

SDS SD score

sLOX-1 soluble lectin-like oxidized low-

density lipoprotein receptor-1

creases the likelihood of adiposity tracking into
adulthood, along with an increased risk of cardio-
vascular disease, one of the leading causes of mortal-
ity worldwide.! Autopsy studies, including the PDAY
(Pathobiological Determinants of Atherosclerosis in
Youth) study? and the Bogalusa Heart Study,® demon-
strated the presence of atherosclerotic lesions beginning
in childhood, accompanied by multiple cardiovascular
risk factors, including obesity, hyperglycemia, dyslip-
idemia, hypertension, and smoking.* Cardiovascular
events in adulthood are the product of a lifelong patho-
logical process, the foundations of which may begin in
childhood and adolescence, and as such, could serve
as an optimal window for intervention and prevention.®
Lectin-like oxidized low-density lipoprotein receptor 1
(LOX-1) has been implicated in the initiation and progres-
sion of atherosclerosis.? LOX-1 is a major transmembrane
scavenger receptor for oxidized low-density lipoprotein
(ox-LDL) in endothelial cells, but it is also expressed in

Obesity during childhood and adolescences in-
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macrophages, smooth muscle cells, and fibroblasts.®
LOX-1 expression is low under normal conditions but up-
regulated in response to proatherogenic factors, includ-
ing ox-LDL, proinflammatory cytokines, pro-oxidative,
and biomechanical stimuli.” Ligand binding to LOX-1 in-
duces the release of proinflammatory cytokines, matrix
metalloproteinases (MMPs), and cell adhesion molecules
and activates apoptotic pathways, all of which are crucial
in the process of endothelial dysfunction, atherosclerotic
plague development, and vulnerability.® Evidence from
animal models shows that LOX-1 gene deficiency re-
duces atherosclerotic lesions, whereas overexpression
exacerbates plaque development and inflammation.®
Genetic epidemiological studies have shown that single
nucleotide polymorphisms in OLR7, which encodes LOX-
1, are associated with atherosclerosis, myocardial infarc-
tion, and stable coronary artery disease.”®

A soluble form of LOX-1 (sLOX-1) is present in circula-
tion as a result of proteolytic shedding of the receptor’s
extracellular domain, triggered by factors such as ox-LDL,
CRP (C-reactive protein), interleukin-8 (IL-8), IL-18, and
TNF-alpha (tumor necrosis factor alpha), mediated by
MMPs and ADAMS (a disintegrin and metalloproteinases).t
Circulating levels of the soluble form are thought to reflect
the cellular expression of LOX-1.° Elevated concentrations
of sLOX-1 have been reported in adults with stable coro-
nary artery disease,' ischemic stroke,’'® acute coronary
syndrome,'*'® type 2 diabetes (T2D),'® and obesity.'""°
Moreover, SLOX-1 has emerged as a promising biomarker
for coronary artery disease, stroke, acute aortic dissec-
tion, and acute coronary syndrome.® Potentially allowing
for disease prediction, classification of disease severity,
and monitoring treatment response beyond traditional bio-
markers such as hs-CRP (high-sensitivity CRP).'3

However, gaps exist in our current understanding of
sLOX-1 in pediatric obesity and its link to inflammation
and cardiometabolic risk is limited.?°?? In the present
cross-sectional study, fasting plasma levels of sLOX-1
were measured in 3854 Danish children and adolescents
from an obesity clinic and from a population-based con-
trol. The aim was to examine whether sLOX-1 levels asso-
ciate with markers of inflammation and cardiometabolic
risk profiles during childhood and adolescence. We hy-
pothesized that levels of sSLOX-1 would be higher in those
from the obesity clinic group compared with population-
based peers and that elevated sLOX-1 levels would asso-
ciate with higher levels of proinflammatory cytokines and
MMPs, and indicative of worsened cardiometabolic risk
profiles, depending on puberty and weight status.

METHODS

Study Populations

The data that support the findings of this study are avail-
able from the corresponding author upon reasonable
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request. The present study is based on a subset of the
cross-sectional HOLBAEK Study, previously known
as The Danish Childhood Obesity Biobank.?®%4 Two
groups of children and adolescents were included: (1)
an obesity clinic group, the members of which initi-
ated a multidisciplinary childhood obesity manage-
ment program at Copenhagen University Hospital
Holbaek?® and had a body mass index (BMI) >90th
percentile (BMI SD score [SDS] >1.28) according to
Danish reference values?® and (2) a population-based
group, recruited from schools across 11 municipalities
in Zealand, Denmark.?* Both groups were enrolled into
The HOLBAEK Study between January 2009 and April
2019.

The exclusion criteria were (1) age at recruitment
younger than 4years or older than 19years (n=25); (2)
race other than White (self-reported country of origin
and ancestry, n=102); (3) diagnosed type 1 diabetes
(n=5); (4) diagnosed T2D (n=1); (5) treatment with med-
ications including insulin, liraglutide, metformin, and/
or statins (n=4); (6) meeting T2D criteria®® based on
the blood sample taken for this study (fasting plasma
glucose >7.0mmol/L and/or hemoglobin Alc [HbAlc]
>48 mmol/mol, n=2); and (7) acute inflammation or in-
fection?” (serum hs-CRP >10mg/L, n=71). Information
on ethnicity, diabetes diagnoses, and use of medi-
cations were obtained through a questionnaire at in-
clusion. Following exclusion criteria, 3854 individuals
remained with 1815 in the obesity clinic group and
2039 in the population-based group.

Ethics

According to the Declaration of Helsinki, informed con-
sent was obtained from all participants. Written con-
sent was obtained either from parents/legal guardians
of participants younger than 18years or from the par-
ticipants when 18years or older. The study was ap-
proved by the Scientific Ethics Committee of Region
Zealand, Denmark (protocol no. SJ-104) and by the
Danish Data Protection Agency (REG-043-2013).

Anthropometrics

In the obesity clinic group, anthropometrics (height,
weight, and waist) were obtained as a part of a clini-
cal examination, whereas the population-based group
was assessed in a mobile laboratory by trained medi-
cal professionals, as previously described.?® BMI SDS
were calculated according to a Danish reference® and
waist SDS was calculated according to age- and sex-
specific reference values.?®

Puberty Stage
Tanner stage®®3' was classified by breast development
in girls and gonad development in boys, evaluated by
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a pediatrician in a subset of the obesity clinic group
(n=1464) and self-evaluated using a standard question-
naire with picture pattern recognition in a subset of the
population-based group (n=1456). Self-assessment
has been shown to accurately distinguish between
the stages of prepuberty and puberty/postpuberty.®?
Consequently, puberty stage in both groups was de-
fined as prepubertal (Tanner stage 1) versus pubertal/
postpubertal (Tanner stage 2-5).

Plasma sLOX-1 and Inflammatory Markers
Venous blood samples were collected following an
overnight fast of at least 8hours. Proximity extension
assay was performed to quantify sLOX-1 and inflam-
matory markers using the “Target 96 Cardiovascular
[I” and “Target 96 Inflammation” panels from Olink
Proteomics AB (Uppsala, Sweden) across 2 batches
using EDTA plasma stored at —80 °C. Proximity exten-
sion assay technology uses nucleic acid labeling of an-
tibodies in combination with quantitative polymerase
chain reaction, producing normalized protein expres-
sion values as an arbitrary unit on a log2 scale.®334
Olink batches were bridged and normalized using 16
controls using the “OlinkAnalyze” R package (https:/
cran.r-project.org/web/packages/Olink Analyze/index.
html). Inflammatory markers were selected a priori,
based on previously published associations to LOX-1
(Table $1). Markers were included if >80% of individu-
als were above the limit of detection. The limit of detec-
tion and the percentage of individuals below the limit of
detection are listed in Table S1.

Measurement of Cardiometabolic Risk
Factors
Whole-body dual-energy X-ray absorptiometry was
performed, and total body fat % was quantified in
a subset from both the obesity clinic (n=1594) and
population-based (n=267) groups, using a GE Lunar
Prodigy (DF+10031, GE Healthcare, Madison, WI, USA)
until October 2009 and thereafter on a GE Lunar iDXA
(ME+200179, GE Healthcare), as previously described.3®
Fasting biochemical measurements described pre-
viously by our group include plasma alanine transam-
inase (ALT),%® serum hs-CRP,3" serum insulin, plasma
glucose, whole blood HbA1c,?® plasma high-density
lipoprotein cholesterol (HDL-C), plasma LDL choles-
terol (LDL-C), and plasma triglycerides.®® Homeostasis
model assessment of insulin resistance (HOMA-IR) was
calculated as (insulin [mU/L]xglucose [mmol/L])/22.5.
Oscillometric blood pressure (Omron 705IT, Omron
Healthcare Co., Ltd., Kyoto, Japan) was measured 3
times on the upper right arm after 5minutes of rest
with subjects in supine position. The mean of the
last 2 measurements was calculated and converted
to a blood pressure SDS based on age-, sex- and
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height-specific reference values from the American
Academy of Pediatrics.3°

Defining Cardiometabolic Risk Features
High ALT was defined as fasting plasma ALT concen-
trations >24.5 U/L in girls and >31.5 U/L in boys, which
was determined to be the optimal cutoff for identify-
ing hepatic steatosis by our group (liver fat content of
>5% measured by proton magnetic resonance spec-
troscopy in 458 children and adolescents).®® IR was
defined as HOMA-IR values above the 90th percentile
for age and sex, based on the full population-based
group in the HOLBAEK Study.?® Hyperglycemia was
defined as fasting plasma glucose between 5.6 and
6.9mmol/L or HbAl1c between 39 and 47 mmol/mol,
according to the American Diabetes Association
guidelines.?® Dyslipidemia was defined as values
above the 95th percentile according to pediatric guide-
lines, corresponding to total cholesterol >200mg/
dL (6.2mmol/L), LDL-C >130mg/dL (8.4 mmol/L), tri-
glycerides >100mg/dL (1.1 mmol/L) for O to 9years or
>130mg/dL (1.5mmol/L) for 10 to 19years, or HDL-C
<40 mg/dL (1.0mmol/L).*° Hypertension was defined
as a systolic and/or diastolic blood pressure above the
95th percentile for age, sex, and height based on pedi-
atric guidelines.®®

Statistical Analysis

Statistical analyses were performed in R version 4.2.0.%!
Normality of variable distributions were evaluated. Data
were reported as median (interquartile range) for con-
tinuous variables and frequencies and percentages for
categorical variables. Standardized differences were
used to compare the characteristics of the 2 study
groups. Wilcoxon rank-sum tests were applied for con-
tinuous variables and x*-tests for categorical variables.

Age- and sex-specific percentile curves for sLOX-1
were calculated using the “Generalized Additive Models
for Location, Scale and Shape” R package (https:/
cran.r-project.org/web/packages/gamiss/), using Box-
Cox transformation distribution family to account for
skewness, with the best fit determined by the Akaike
information criterion.*?

For all pooled regression analyses, we constructed
models with progressive adjustment. Our first regres-
sion model, Model 1, adjusted for age, sex, smoking
status, and BMI SDS; except for adiposity traits, which
we adjusted for age, sex, and smoking status only. Our
second regression model, Model 2, included Model 1
variables plus puberty stage (subset with all available
individuals). Nonnormally distributed (right-skewed)
cardiometabolic risk factors were log-transformed
and inflammatory markers were inverse-normal trans-
formed. For linear regression, estimated f3-effect sizes
and 95% Cls were reported as the SD change in
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inflammatory markers or cardiometabolic risk factors
per SD change in sLOX-1, to facilitate direct compar-
isons of the strength of associations. For logistic re-
gression, estimated odds ratios (ORs) and 95% Cls
were reported for cardiometabolic risk features (0/1)
per 1-SD change in sLOX-1.

For interaction regression analyses, we estimated
whether weight status (overweight/obesity versus
normal weight), puberty stage (prepuberty versus pu-
berty/postpuberty), or sex (boys versus girls) modi-
fies the associations between sLOX-1, inflammatory
risk factors, cardiometabolic risk factors or features.
For weight status, overweight/obesity was defined as
BMI >90th age- and sex-specific Danish percentiles,
whereas normal weight was defined as BMI >10th and
<90th percentiles.?® No significant interactions with
sex were observed, results not shown.

Statistical significance was set at P<0.05, with no
correction for multiple testing.

RESULTS

Characteristics of the Study Groups
Characteristics of the 2 study groups are presented
in Table. There were no significant differences in age
(P=0.42). There were a higher percentage of boys than
girls in the obesity clinic group compared with the
population-based group (P=0.03). A higher percentage
of participants from the obesity clinic group were in
the prepubertal stage compared with the population-
based group (P<0.001). However, the subset of patients
from the obesity clinic with puberty stage data (80.7%)
were younger than the subset of participants from the
population-based group with complete assessments
(71.4%; P<0.001). A higher percentage of participants
from the obesity clinic group were smokers compared
with population-based peers (P<0.001). As expected,
the obesity clinic group differed in terms of cardiomet-
abolic risk factors (all P<0.001) including higher BMI
SDS, waist SDS, and body fat %, compared with the
population-based group. There were 371 participants
(18.2%) with overweight/obesity (BMI>90th percentile)
and 119 (5.8%) with underweight (BMI <10th percen-
tile) in the population-based group. The obesity clinic
group exhibited a higher prevalence of cardiometabolic
risk features including high ALT (surrogate for hepatic
steatosis), IR, hyperglycemia, dyslipidemia, and hyper-
tension (all P<0.001).

Patients in the obesity clinic group had higher fast-
ing plasma sLOX-1 levels (median 6.71 [interquartile
range 6.43, 7.00] normalized protein expression) than
participants from the population-based group (median
6.60 [interquartile range 6.32, 6.87] normalized protein
expression; P<0.001) (Table). When stratified by pu-
berty stage, no significant differences in sLOX-1 levels
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Table. Characteristics of Children and Adolescents From the Obesity Clinic and the Population-Based Groups

Standardized
Characteristics No. Obesity clinic No. Population-based difference
Age, y 1815 11.8 (9.6 to 14.1) 2039 11.6 (9.0 to 14.4) 0.00
Sex, male, n (%) 1815 849 (46.8) 2039 881 (43.2) 0.07
Puberty stage, prepubertal, n (%) 1464 600 (41.0) 1456 497 (34.1) 0.14
Smoking status, n (%) 1815 2039 0.40
Nonsmoking 1096 (60.4) 1693 (78.1)
Passive smoking 664 (36.6) 425 (20.8)
Smoking 55 (3.0) 21 (1.0
Fasting plasma soluble lectin-like 1815 6.71 (6.43 to 7.00) 2039 6.60 (6.32 to 6.87) 0.25
oxidized LDL receptor-1, normalized
protein expression
Cardiometabolic risk factors
Body mass index SDS 1815 2.86 (2.46 to 3.28) 2039 0.26 (-0.43to 1.01) 2.97
Waist SDS 1579 2.38(2.03 to 2.69) 1885 -0.01 (-0.67 t0 0.67) 2.86
Body fat, % 1594 43.4 (40.0 to 46.8) 267 26.9 (21.8 10 33.6) 2.31
Plasma ALT, U/L 1791 23.0 (19.0t0 31.0) 1999 20.0 (16.0to 23.5) 0.55
Serum high-sensitivity C-reactive 956 1.17 (0.48 to 2.56) 629 0.40 (0.17 t0 0.78) 0.58
protein, mg/L
Homeostasis model assessment of 1773 3.69 (2.42 to 5.41) 2021 213 (1.48t0 2.99) 0.66
insulin resistance, mIU/L
Whole blood hemoglobin Alc, 1787 33.9(29.9t0 37.9) 1997 33.5 (30.5t0 36.5) 014
mmol/mol
Plasma high-density lipoprotein 1782 1.20 (1.00 to 1.40) 1993 1.50 (1.30 to 1.70) 0.88
cholesterol, mmol/L
Plasma LDL cholesterol, mmol/L 1782 2.40 (2.00 to 2.90) 1993 2.00 (1.70 to 2.50) 0.54
Plasma triglycerides, mmol/L 1782 0.90 (0.70 to 1.30) 1993 0.60 (0.50 to 0.80) 0.84
Systolic BP SDS 1701 0.92 (0.33 to 1.48) 1771 0.64 (0.15t0 1.17) 0.32
Diastolic BP SDS 1701 0.23 (-0.23t0 0.81) 1771 -0.15 (-0.58 t0 0.29) 0.61
Cardiometabolic risk features
High ALT, n (%) 1791 599 (33.4) 1999 220 (11.0) 0.56
Insulin resistance, n (%) 1741 820 (47.1) 1961 191 (9.7) 0.91
Hyperglycemia, n (%) 1778 311 (17.5) 1992 162 (8.1) 0.28
Dyslipidemia, n (%) 1782 647 (36.3) 1993 193 (9.7) 0.67
Hypertension, n (%) 1701 406 (23.9) 177 179 (10.1) 0.37

Data are shown as medians (interquartile ranges) or frequencies, n (%). Puberty stage is defined as prepubertal (Tanner stage 1) vs pubertal/postpubertal
(Tanner stage 2-5). Smoking status is defined as smoking, passive smoking, and nonsmoking. ALT indicates alanine aminotransferase; BP, blood pressure;

LDL, low-density lipoprotein; and SDS, SD score.

were observed between groups in prepuberty (P=0.41),
whereas a significant difference emerged during pu-
berty/postpuberty (P<0.001). Age- and sex-specific
values for sLOX-1 are shown with 2.5, 50, and 97.5th
percentile curves according to study group (Figure S1).

sLOX-1 Significantly Associates With
Inflammatory Markers

There were highly significant positive associations,
adjusted for age, sex, smoking status, and BMI SDS,
between plasma sLOX-1 and several plasma cy-
tokines (including CD40 [cluster of differentiation 40Q],
CD40L, IFN-gamma [interferon-gamma], IL-8, IL-18,
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latency-associated peptide TGF-beta-1 [transforming
growth factor beta-1], MCP-1 [monocyte chemotac-
tic protein 1], and TNF), and plasma MMPs (including
MMP-1, MMP-7, MMP-10, and MMP-12). These asso-
ciations persisted after adjustment for puberty stage.
For details, see Figure 1 and Table S2.

Regarding weight status, there was a weakly sig-
nificant interaction (P, eraction=0-0499) for MMP-7, with
higher B-effects with overweight/obesity compared
with normal weight (Table S3).

No significant interactions (all P, ieraction>0-05)
between sLOX-1 and puberty stage were observed
for the associations with inflammatory markers
(Table S4).
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Inflammatory Markers

CD40- O P Value
CD40L - - g ig-gg
IFN-gamma - -Or o <0:01
IL-81 @ O <0.001
IL-18- Or
LAP TGF-beta-1- Or B
MCP-1 - O 0.3
TNF - O 0.2
MMP-1 O
MMP-7 - @ 0.1
MMP-10 @ 0.0
MMP-12 O o

01 00 01 02 03 04

B (95% CI) per 1-SD unit sLOX-1

Figure 1. Estimated regression p-effects (95% Cls) for associations of
fasting plasma sLOX-1 (SD-units) and plasma inflammatory markers (SD-
units) adjusted for age, sex, smoking status, and BMI SD score.

Inflammatory markers (nonnormal distribution) were inverse-normal transformed.
BMl indicates body mass index; CD40, cluster of differentiation 40; CD40L, cluster
of differentiation 40 ligand; IFN-gamma, interferon gamma; IL, interleukin; LAP
TGF-beta-1, latency-associated peptide transforming growth factor beta-1; MCP-1,
monocyte chemotactic protein 1; MMP, matrix metalloproteinase; sLOX-1, soluble

lectin-like oxidized low-density lipoprotein; and TNF, tumor necrosis factor.

sLOX-1 Significantly Associates With
Cardiometabolic Risk Factors

Fasting plasma sLOX-1 was positively associated with
BMI SDS, waist SDS, and body fat %, adjusted for age,
sex, and smoking status. Plasma sLOX-1 was also
positively associated with plasma ALT, serum hs-CRP,
plasma LDL-C, plasma triglycerides, systolic blood
pressure SDS, and diastolic blood pressure SDS, and
was negatively associated with plasma HDL-C, but
not with HOMA-IR or whole blood HbAlc, adjusted
for age, sex, smoking status, and BMI SDS. These
associations persisted after adjustment for puberty
stage, except for a positive association with HOMA-IR
(B=0.04, P=0.009), formerly insignificant. For details,
see Figure 2 and Table Sb.

There were some significant differences in the
magnitude of associations between sLOX-1 and car-
diometabolic risk factors according to weight status
(Table S6). There were stronger estimated -effects in
the children and adolescents with overweight/obesity
compared with normal weight individuals for serum
hs-CRP (not significant for Model 2), HOMA-IR, and
plasma LDL-C (all P, <0.05).

interaction
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Likewise, there were some significant differences in the
degree of associations between sLOX-1 and cardiomet-
abolic risk factors according to puberty stage (Table S7).
There were stronger estimated p-effects in pubertal/post-
pubertal children and adolescents compared with individ-
uals in prepuberty for BMI SDS, waist SDS, plasma ALT,
HOMA-IR, and plasma triglycerides (all P <0.05).

interaction

sLOX-1 Significantly Associates With
Cardiometabolic Risk Features
A1-SDincrease in sSLOX-1 was associated with a higher
prevalence of high ALT (OR, 1.16, P=4.1E-04), IR (OR,
116, P=8.6 E-04), dyslipidemia (OR, 1.25, P=1.8E-07),
and hypertension (OR, 112, P=0.02) but not with hy-
perglycemia (OR, 1.08, P=0.13) adjusted for age, sex,
smoking status, and BMI SDS. These associations re-
mained after adjustment for puberty stage. For details,
see Figure 3 and Table S8. Larger estimated ORs for
the associations between sLOX-1 with cardiometabolic
risk features were observed compared with the same
set of associations with hs-CRP (Table S8).

There was a general tendency for larger estimated
ORs in individuals with overweight/obesity and in
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Cardiometabolic Risk Factors
BMI SDS - __O_ P Value
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Triglycerides - -O- 0.0
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Figure 2. Estimated regression p-effects (95% Cls) for associations of
fasting plasma sLOX-1 (SD-units) and cardiometabolic risk factors (SD-
units), adjusted for age, sex, smoking status, and BMI SDS (although BMI
SDS, waist SDS, and body fat % were not adjusted for BMI SDS).

Right-skewed risk factors were log-transformed, affecting allbut BMI SDS, diastolic
blood pressure SDS, and SBP SDS. ALT indicates alanine aminotransferase; BMI,
body mass index; DBP, diastolic blood pressure; HbAlc, hemoglobin Alc; HDL-C,
high-density lipoprotein cholesterol; HOMA-IR, homeostasis model assessment
of insulin resistance; hs-CRP, high-sensitivity C-reactive protein; LDL-C, low-
density lipoprotein cholesterol; SBP, systolic blood pressure; SDS, SD score; and

sLOX-1, soluble lectin-like oxidized low-density lipoprotein receptor-1.

pubertal/postpubertal stage. Yet no significant inter-
actions (@ll P, eraciion>0-05) were observed for weight
status or puberty stage on the associations between
sLOX-1 as an indicator of cardiometabolic risk features

(Table S9 and S10).

DISCUSSION

The present study examined sLOX-1 in children and
adolescents with overweight/obesity and population-
based controls. We report 4 main findings: fasting
plasma levels of sSLOX-1 are (1) higher in pubertal/post-
pubertal children and adolescents from an obesity
clinic compared with population-based peers; (2) posi-
tively associated with plasma levels of proinflammatory
cytokines and MMPs; (3) positively associated with BMI
SDS, waist SDS, body fat %, ALT, hs-CRP, LDL-C, tri-
glycerides, systolic blood pressure SDS, and diastolic
blood pressure SDS and negatively associated with
HDL-C; and (4) associated with increased prevalence
of high ALT (a proxy of hepatic steatosis), IR, dyslipi-
demia, and hypertension but not with hyperglycemia.

J Am Heart Assoc. 2023;12:e8145. DOI: 10.1161/JAHA.122.027042

The positive relationship between sLOX-1 levels and
cardiometabolic risk factors, specifically for HOMA-IR
was strengthened by the presence of both overweight/
obesity and initiated in puberty/postpuberty.

Previous pediatric studies have observed elevated
ox-LDL levels in children and adolescents with over-
weight/obesity compared with normal weight individ-
uals.?%?" Plasma levels of ox-LDL and LOX-1 mRNA
expression in peripheral blood mononuclear cells were
significantly increased in 80 children with Kawasaki
disease, to a greater extent in those with coronary ar-
tery lesions, compared with 20 febrile and 20 healthy
children.?? Most of the knowledge surrounding the role
of sLOX-1 comes from studies performed in adults.® A
cross-sectional study of 51 postmenopausal women
demonstrated that plasma sLOX-1 levels were pos-
itively associated with BMI, body fat %, and trunk
fat.'® The present study finds a similar association
with adiposity beginning in puberty. Weight reduction
resulting from a 12-week diet and exercise interven-
tion decreased serum sLOX-1 levels in 32 overweight
Japanese middle-aged men." Future studies should
address whether similar reductions in sLOX-1 levels
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Dyslipidemia - —(O—
1.1
Hypertension - —QO— 1.0
0.8 1.0 12 14 0.9
OR (95% CI) per 1-SD unit sLOX1

Figure 3. Estimated ORs (95% Cls) for associations of fasting plasma
sLOX-1 (SD-units) and cardiometabolic risk features, adjusted for age, sex,

smoking status, and BMI SDS.

BMI indicates body mass index; high ALT, high alanine transaminase (surrogate
measure of hepatic steatosis); OR, odds ratio; SDS, SD score; and sLOX-1, soluble

lectin-like oxidized low-density lipoprotein.

occur following obesity treatment in the pediatric age
range. A longitudinal study including 4703 adults from
the Malmo Diet and Cancer cohort demonstrated that
high levels of sLOX-1 were associated with plaque
content, ox-LDL, proinflammatory cytokines, MMPs,
and future risk of ischemic stroke.”® sLOX-1 levels were
also associated with several cardiometabolic risk fac-
tors, including age, smoking, diabetes, waist, CRP,
HbA1c, HDL-C, LDL-C, and triglycerides.”® This aligns
with the current findings where similar associations of
sLOX-1 with proinflammatory cytokines, MMPs, and
cardiometabolic risk factors were observed in children
and adolescents.

The adipose expandability theory refers to the con-
cept when expansion of subcutaneous adipose tissue
storage is exceeded, lipids overflow to visceral and
nonadipose tissue, leading to lipotoxicity, resulting
in IR and low-grade inflammation.*® The presence of
obesity in childhood is associated with an increased
risk of coronary heart disease in adulthood.! The exact
mechanisms linking obesity and cardiovascular dis-
ease remains unclear; however, expansion of visceral
adipose tissue, accompanied by lipotoxicity, and in-
creased systemic inflammation, is thought to play a
role in the development of atherosclerosis.** LOX-1 is
upregulated by inflammatory cytokines but may also
have an inflammatory role itself.*® Previous studies
have shown that LOX-1 expression is induced in the
presence of proatherogenic signals such as ox-LDL,
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CRP, IFN-gamma, IL-8, and IL.-18, and TNF-alpha.6:46-48
LOX-1 also perpetuates inflammatory pathways by trig-
gering CD40/CD40L* signaling and secretion of proin-
flammatory cytokines, such as IL-6, IL.-8, TGF-beta-1,%°
and MCP-1,5" as well as modulating MMP activity.5?

There are limitations and strengths in the present
study that give perspective. First, this cross-sectional
study may be subject to selection bias with missing
Tanner stage data more frequent in older participants
from the obesity clinic, who are more likely to be in the
pubertal/postpubertal stage. Only a single time point
was assessed and therefore future longitudinal stud-
ies are warranted. The present study cannot establish
causality. Though, a recent study performed in 30931
adults, demonstrated with intermediate evidence that
LOX-1 was causal in increased waist-to-hip ratio and
T2D, but not necessarily so for ischemic stroke nor
coronary heart disease.>® Further Mendelian random-
ization studies are warranted to substantiate these find-
ings. Imaging of the plague content was not feasible
in the present study; therefore, associations between
sLOX-1 and the extent of atherosclerotic lesions cannot
be drawn. Lastly, relative concentrations of sSLOX-1 were
quantified using proximity extension assay. Therefore,
conclusions on the absolute differences between those
with overweight/obesity versus the general population
cannot be inferred. This study has respective strengths
including the relatively large study groups with compre-
hensive cardiometabolic risk phenotyping.
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CONCLUSIONS

In conclusion, the current study demonstrates that
fasting plasma concentrations of sLOX-1 were higher
in pubertal/postpubertal children and adolescents
with overweight/obesity. Levels were associated with
circulating inflammatory markers and were indicative
of worsened cardiometabolic risk features, beyond
traditional markers like hs-CRP. Inhibitors of LOX-1 are
being tested as therapeutic agents in patients with
myocardial infarction and T2D,%* whereas the soluble
form is emerging as a promising biomarker for cardio-
vascular disease in adults.® With the rising prevalence
of pediatric obesity and the persistence of adipos-
ity into adulthood accompanied by increased risk for
cardiovascular disease, early prevention and interven-
tion strategies are desperately needed. Future studies
should validate the clinical utility of sSLOX-1 as a car-
diometabolic risk biomarker in adolescents and young
adults.
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Table S1. Limit of detection (LOD) and % below LOD for plasma sLOX-1 and 12 selected plasma inflammatory markers.
LOD, % below

Label Protein name UniProt | Olink panel NPX LOD *Reference
SLOX-1 fe‘z:l;l;frlf"“n'hke oxidized LDL | pog3g0 | Target 96 Cardiovascular 1T | 2.91 0.0 ;
CD40 CD40L receptor P25942 | Target 96 Inflammation 2.55 0.0 49
CD40L CD40L P29965 | Target 96 CardiovascularII | 1.70 0.0 13,49
IFN-gamma | Interferon gamma P01579 | Target 96 Inflammation 4.24 0.1 46
1L-8 Interleukin-8 P10145 | Target 96 Cardiovascular IT | 1.69 0.0 46
IL-18 Interleukin-18 Q14116 | Target 96 Inflammation 2.02 0.0 48
LAP TGF- Latency-associated peptide : so
beta-1 transforming growth factor beta-1 PO1137 | Target 96 Inflammation 119 0.0

MCP-1 Monocyte chemotactic protein 1 / . 51
(CCL2) C-C motif chemokine 2 P13500 [ Target 96 Inflammation 1.84 0.0

TNF Tumor necrosis factor P01375 | Target 96 Inflammation 0.53 0.0 13,46,47
MMP-1 Matrix metalloproteinase 1 P03956 | Target 96 Inflammation 1.68 0.1 32
MMP-7 Matrix metalloproteinase 7 P09237 | Target 96 Cardiovascular I | 3.09 0.0 32
MMP-10 Matrix metalloproteinase 10 P09238 | Target 96 Inflammation 1.79 0.0 32
MMP-12 Matrix metalloproteinase 12 P39900 | Target 96 Cardiovascular 11 1.95 0.0 52

*Reference to previous studies which observed an association between inflammatory markers and (s)LOX-1 and therefore were
selected a priori from Cardiovascular Il and Inflammation Olink panels measured in the present study. Abbreviations: LOD, limit of
detection; NPX, normalized protein expression.



Table S2. Estimated regression B-effects (95% CI) for associations of plasmasLOX-1 with
plasma inflammatory markers in a pooled model.

Pooled
Inflammatory marker | n model | B(95% CI) P Value
Dao 3,846 I ]0.12(0.09,0.15) | L.OE-12
2.014 2 10.11(0.07,0.15) | 1.3E-08
3,854 1 |0.16(0.13,0.20) | 1.8E-23
CD40L 2,920 2 [0.15(0.11.0.19) | 2.1E-15
PNeoamm 3,846 1 |0.13(0.10,0.16) | 4.2B-15
g 2.014 2 10.13(0.10,0.17) | 3.76-12
T 3.846 T 10.23(0.20,0.26) | 8.76-46
- 2.014 2 10.23(0.19,0.26) | 2.0E-33
s 3.854 T 10.29(0.26,0.32) | 2.1E-75
- 2,020 2 10.30(0.26,0.33) | 2.56-59
3.846 T 10.19(0.16,0.22) | 1.0E-30
LAP TGF-beta-1 2,914 2 | 0.18(0.14,0.22) | 8.8E21
I 3.846 T 10.16(0.13,0.19) | 3.36-22
2.014 2 | 0.17(0.13,0.20) | 3.86-20
~ 3.846 T [0.17(0.14,0.20) | 3.6E-27
2.014 2 [0.16(0.12,0.19) | 2.2E-19
3,342 1 0.17(0.14,0.20) | 1.IE25
MMP-1 2,910 2 10.18(0.15,0.22) | 43823
3,854 1 0.19(0.16,0.23) | 1.56-33
MMP-7 2,920 2 [0.18(0.15,0.22) | 3.36-23
3,846 I [ 0.14(0.11,0.17) | 43E-19
MMP-10 2.014 2 [0.13(0.10.0.17) | 3.3E-13
3.854 T 10.21(0.18,0.24) | 3.06-48
MMP-12 2,920 2 [0.20(0.17,0.23) | 3.56-33

Model I: inflammatory marker (SD-units) ~sLOX-1 (SD-units) + age + sex + smoking status
(smoking, passive smoking, non-smoking) + BMI SDS. Model 2: Model 1 + puberty stage (pre-
puberty, puberty/post-puberty). Abbreviations. CI, confidence interval; IFN-gamma, interferon
gamma; IL, interleukin; LAP TGF-beta-1, latency-associated peptide transforming growth factor
beta-1; MCP-1, monocyte chemotactic protein 1; MMP, matrix metalloproteinases; SDS,
standard deviation score; sSLOX-1, soluble lectin-like oxidized low-density lipoprotein; TNF,
tumor necrosis factor.



Table S3. Estimated regression B-effects (95% CI) for the interaction between plasma sLOX-1 and weight status (overweight/obesity

vs. normal weight) on plasma inflammatory markers.

Inflammatory marker | n Interaction Overweight/Obesity Normal weight Pioteraa
model B (95% CI) P Value | B(95% CI) P Value nieraction
CD40 3,846 1 0.11(0.06,0.15) | 1.3E-06 | 0.14(0.09,0.19) | 5.8E-08 | 0.34
2,914 2 0.10 (0.06, 0.15) | 2.9E-05 0.12(0.06,0.17) | 6.3E-05 0.74
CD40L 3,854 1 0.16(0.12,0.21) | 2.7E-14 | 0.16(0.11,0.21) | 1.9E-10 | 0.86
2,920 2 0.17(0.12,0.22) | 1.9E-11 0.12(0.07,0.18) | 1.6E-05 0.26
IFN-gamma 3,846 1 0.12(0.08,0.16) | 4.3E-08 | 0.14(0.09,0.19) | 2.7E-08 | 0.53
2,914 2 0.13(0.08,0.18) [ 2.0E-07 | 0.13(0.07,0.19) | 7.4E-06 [ 0.98
IL-8 3,846 1 0.22(0.18,0.26) | 3.2E-24 | 0.24(0.19,0.29) | 2.4E-22 ] 0.48
2,914 2 0.23(0.18,0.28) | 1.5E-20 | 0.22(0.16,0.27) | 5.0E-14 [ 0.73
IL-18 3,854 1 0.32(0.28,0.36) | 5.3E-52 | 0.27(0.22,0.31) | 1.7E-28 | 0.09
2,920 2 0.33(0.28,0.37) | 2.6E-42 | 0.27(0.22,0.32) | 2.4E-22 | 0.11
3,846 1 0.18(0.14,0.22) | 7.7E-17 | 0.19(0.14,0.24) | 1.2E-14 | 0.71
LAPTGF-beta-1 2,914 2 0.19(0.14,0.23) [ 1.1E-13 0.16 (0.10,0.22) | 2.9E-08 | 0.53
MCP-1 3,846 1 0.17(0.12,0.21) | 2.7E-14 | 0.14(0.09,0.19) | 2.0E-08 | 0.44
2,914 2 0.19(0.14,0.23) [ 1.3E-14 | 0.14(0.09, 0.20) | 5.0E-07 [ 0.22
INF 3,846 1 0.15(0.11,0.19) | 5.3E-14 | 0.18(0.13,0.22) | 2.0E-14 ] 0.39
2,914 2 0.16(0.12,0.21) [ 1.2E-12 | 0.15(0.10,0.20) | 3.1E-08 | 0.67
MMP-1 3,842 1 0.18(0.13,0.22) | 1.8E-16 | 0.15(0.10,0.20) [ 1.5E-09 | 0.39
2,910 2 0.20(0.15,0.25) | 1.7E-16 | 0.15(0.09, 0.20) | 3.0E-07 [ 0.13
MMP-7 3,854 1 0.22(0.18,0.27) | 6.5E-26 | 0.16(0.11,0.21) | 3.9E-11 0.0499
2,920 2 0.22 (0.17,0.26) [ 3.6E-19 | 0.14(0.09, 0.20) | 2.6E-07 [ 0.0494
MMP-10 3,846 1 0.15(0.11,0.19) | 8.0E-13 0.12(0.07,0.17) | 1.3E-06 | 0.29
2,914 2 0.14(0.10,0.19) | 1.8E-09 | 0.10(0.05,0.16) | 2.2E-04 | 0.26
MMP-12 3,854 1 0.22(0.18,0.26) | 3.5E-31 0.19(0.15,0.23) | 1.5E-18 | 0.31
2,920 2 0.21(0.17,0.25) | 6.0E-23 0.17(0.12,0.22) | 1.7E-11 0.18

Model I: mflammatory marker (SD-units) ~sLOX-1 (SD-units) x weight status (overweight/obesity vs. normal weight) +age + sex +
smoking status (smoking, passive smoking, non-smoking). Model 2: Model 1 + puberty stage (pre-puberty, puberty/post-puberty).
Abbreviations: CI, confidence interval; [FN-gamma, interferon gamma; IL, interleukin; LAP TGF-beta-1, latency-associated peptide
transforming growth factor beta-1; MCP-1, monocyte chemotactic protein 1; MMP, matrix metalloproteinases; SD, standard
deviation; sSLOX-1, soluble lectin-like oxidized low-density lipoprotein; TNF, tumor necrosis factor.



Table S4. Estimated regression B-effects (95% CI) for the interaction between plasma sLOX-1 and puberty stage (pre-puberty vs.
puberty/post-puberty) on plasma inflammatory markers.

Pre-puberty Puberty/post-puberty _ _
Inflammatory marker | n B (95% CI) P Value | B(95% CI) P Value | | memetion
CD40 2,914 | 0.07(0.01,0.13) | 0.03 0.13(0.08,0.17) | 4.1E-08 0.13
CD40L 2,920 | 0.12(0.06,0.18) | 1.4E-04 0.17(0.12,0.21) | 1.1E-12 0.24
IFN-gamma 2,914 | 0.14(0.08, 0.21) | 7.7E-06 0.13(0.08,0.17) | 7.1E-08 0.68
IL-8 2,914 ] 0.22(0.16,0.28) | 3.8E-12 0.23(0.19,0.28) | 1.8E-23 0.72
IL-18 2,920 | 0.31(0.25,0.37) | 2.9E-24 0.29(0.25,0.34) | 1.4E-38 0.66
LAP TGF-beta-1 2,914 1 0.15(0.09,0.22) | 1.2E-06 0.19(0.15,0.24) | 4.6E-16 0.35
MCP-1 2,914 | 0.17(0.11,0.23) | 3.0E-08 0.17(0.12,0.21) | 1.2E-13 0.96
TNF 2,914 1 0.13(0.07,0.19) | 1.1E-05 0.17(0.13,0.22) | 1.0E-15 0.21
MMP-1 2,910 | 0.22(0.16,0.28) | 3.7E-12 0.17(0.12,0.21) | 3.2E-13 0.20
MMP-7 2,920 ] 0.17(0.11,0.23) | 1.8E-08 0.19(0.14, 0.23) | 1.2E-16 0.69
MMP-10 2,914 | 0.14 (0.08, 0.20) | 3.0E-06 0.13(0.08,0.17) | 1.5E-08 0.68
MMP-12 2,920 ] 0.18(0.12,0.23) | 1.3E-10 0.21(0.17,0.25) | 6.2E-25 0.33

Model: inflammatory marker (SD-units) ~sLOX-1 (SD-units) x puberty stage (pre-puberty vs. puberty/post-puberty) +age + sex +
smoking status (smoking, passive smoking, non-smoking) + BMI SDS. Abbreviations: Cl, confidence interval; [IFN-gamma,
interferon gamma; IL, interleukin; LAP TGF-beta-1, latency-associated peptide transforming growth factor beta-1; MCP-1, monocyte
chemotactic protein 1; MMP, matrix metalloproteinases; SDS, standard deviation score; sSLOX-1, soluble lectin-like oxidized low-
density lipoprotein; TNF, tumor necrosis factor.



Table S5. Estimated regression B-effects (95% CI) for associations of plasmasLOX-1 with
cardiometabolic risk factorsin a pooled model.

Cardiometabolic risk factor n Pooled B (95% CI) P Value
model
3,854 1 0.08 (0.05, 0.12) 1.5E-07
BMISDS 1 2,920 2 0.08 (0.05, 0.12) 8.9E-06
. 3,464 1 0.09 (0.06, 0.12) 9.9E-08
Waist SDS 1 2,589 2 ]0.09(0.06,0.13) 9.7E-07
1,861 1 0.11(0.06, 0.15) 5.7E-06
o
Body fat % (log) 1 1,483 2 0.10 (0.06, 0.15) 7.2E-06
Fasting plasma ALT, 3,790 1 0.10(0.07,0.13) 7.7E-10
U/L (log) 2,902 2 0.09 (0.06, 0.13) 2.6E-07
Fasting serum hs-CRP, 2,176 1 0.12(0.08, 0.17) 9.3E-08
mg/L (log) 1,160 2 0.15 (0.09, 0.20) 3.8E-08
HOMA-IR, 3,794 1 0.02 (-0.01, 0.05) 0.12
mIU/L (log) 2,881 2 0.04 (0.01, 0.07) 0.009
Fasting whole blood HbA |, |_3,784 1 0.00 (-0.03, 0.04) 0.80
mmol/mol (log) 2,900 2 -0.01(-0.04,0.03) | 0.69
Fasting plasma HDL-C, 3,775 1 -0.07 (-0.10,-0.04) | 8.3E-07
mmol/L (log) 2,892 2 -0.08 (-0.12,-0.05) | 7.6E-07
Fasting plasma LDL-C, 3,775 1 0.08 (0.04,0.11) 3.2E-06
mmol/L (log) 2,892 2 0.05 (0.02, 0.09) 0.004
Fasting plasma 3,775 1 0.12(0.09, 0.15) 2.0E-16
triglycerides, mmol/L (log) | 2,892 2 0.12(0.09, 0.16) 5.3E-14
3,472 1 0.05 (0.01, 0.08) 0.005
SBP SDS 2619 | 2 |0.04(0.01,0.08) | 0.03
3,472 1 0.10(0.07, 0.13) 3.1E-09
DBP SDS 2619 | 2 ]0.09(0.06,0.13) 1.6E-06

Model I: cardiometabolic risk factor (SD-units) ~sLOX-1 (SD-units) +age + sex + smoking
status (smoking, passive smoking, non-smoking) + BMI SDS. Model 2: Model 1 + puberty stage
(pre-puberty, puberty/post-puberty). T Represents cardiometabolic risk factors which were not
adjusted for BMI SDS. Abbreviations: ALT, alanine aminotransferase; CI, confidence interval;
DBP, diastolic blood pressure; HbA ., hemoglobin A,.; HDL-C, high-density lipoprotein
cholesterol; HOMA-IR, homeostasis model assessment of insulin resistance; hs-CRP, high-
sensitivity C-reactive protein; LDL-C, low-density lipoprotein cholesterol; SBP, systolic blood
pressure; SDS, standard deviation score; sSLOX-1, soluble lectin-like oxidized low-density
lipoprotein receptor-1.



Table S6. Estimated regression B-effects (95% CI) for the interaction between plasma sLOX-1 and weight status (overweight/obesity
vs. normal weight) on cardiometabolic risk factors.

. o Interaction Overweight/Obesity Normal weight _ _
Cardiometabolic risk factor | n model B (95% CI) P Value B (95% CI) P Value Pinteraction
Fasting plasma ALT, U/L | 3,672 1 0.11(0.07, 0.15) 3.6E-07 | 0.10(0.05, 0.15) 3.6E-05 | 0.82
(log) 2,816 2 0.11(0.07,0.16) 1.1E-06 | 0.08(0.03, 0.14) 0.003 0.35
Fasting serum hs-CRP, 1,556 1 0.16 (0.11, 0.22) 5.1E-09 [ 0.03(-0.06,0.11) | 0.57 0.008
mg/L (log) 1,142 2 0.18 (0.11, 0.24) 2.4E-08 | 0.07(-0.04,0.18) | 0.20 0.11

3,676 1 0.08 (0.04, 0.11 2.1E-05 [ -0.02(-0.06,0.02) | 0.39 5.3E-04
HOMA-IR, mlU/L (log) =54 2 0.09 Eo.os, 0. 133 7.0E-06 | 0.01 (50.04, 0.06)) 0.71 0.008
Fasting whole blood HbA |, | 3,666 1 0.03 (-0.01,0.08) [ 0.12 -0.03 (-0.08, 0.02) | 0.17 0.04
mmol/mol (log) 2,814 2 0.01 (-0.04, 0.06) | 0.67 -0.03 (-0.08, 0.03) | 0.35 0.32
Fasting plasma HDL-C, 3,658 1 -0.07 (-0.11, -0.03) | 2.9E-04 | -0.09 (-0.14, -0.05) | 3.5E-05 ] 0.45
mmol/L (log) 2,807 2 -0.08 (-0.12,-0.03) | 7.9E-04 | -0.12(-0.17,-0.07) | 7.7E-06 | 0.22
Fasting plasma LDL-C, 3,658 1 0.12 (0.08, 0.16) 2.4E-08 [ 0.02(-0.02,0.07) | 0.32 0.003
mmol/L (log) 2,807 2 0.10 (0.05, 0.15) 3.3E-05 | 0.00(-0.06, 0.06) | 0.99 0.006
Fasting plasma 3,658 1 0.15(0.11,0.19) 2.7E-14 | 0.10(0.06, 0.15) 3.9E-06 | 0.12
triglycerides, mmol/L (log) | 2,807 2 0.15(0.11, 0.20) 3.4E-12 | 0.11(0.06, 0.16) 1.1E-05 | 0.22
SBP SDS 3,366 1 0.04 (0.00, 0.08) 0.08 0.06 (0.01, 0.12) 0.02 0.47

2,544 2 0.03 (-0.02, 0.08) | 0.25 0.08 (0.02, 0.14) 0.01 0.21
DBP SDS 3,366 1 0.09 (0.05, 0.14) 1.1E-05 [ 0.11(0.06, 0.16) 2.4E-05 [ 0.61

2,544 2 0.09 (0.04, 0.14) 3.4E-04 | 0.12(0.06,0.18) 1.5E-04 | 0.43

Model 1: cardiometabolic risk factor (SD-units) ~sLOX-1 (SD-units) x weight status (overweight/obesity vs. normal weight) + age +
sex + smoking status (smoking, passive smoking, non-smoking). Model 2: Model 1 +puberty stage (pre-puberty, puberty/post-
puberty). Cardiometabolic risk factors: BMI SDS, waist SDS, and body fat % were not assessed in the interaction model with weight
status. Abbreviations: ALT, alanine aminotransferase; CI, confidence interval; DBP, diastolic blood pressure; HbA ., hemoglobin A ;
HDL-C, high-density lipoprotein cholesterol; HOMA-IR, homeostasis model assessment of insulin resistance; hs-CRP, high-
sensitivity C-reactive protein; LDL-C, low-density lipoprotein cholesterol; SBP, systolic blood pressure; SDS, standard deviation
score; sSLOX-1, soluble lectin-like oxidized low-density lipoprotein receptor-1.



Table S7. Estimated regression B-effects (95% CI) for the interaction between fasting plasma sLOX-1 and puberty stage (pre-puberty
vs. puberty/post-puberty) on cardiometabolic risk factors.

. . Pre-puberty Puberty/post-puberty _ _
Cardiometabolic risk factor n B (95% CI) P Value | B(95% CI) P Value Pinteraction
BMI SDS + 2,920 | -0.02(-0.08,0.04) | 0.51 0.13(0.09, 0.18) 1.8E-09 | 3.9E-05
Waist SDS 1 2,869 | 0.02(-0.05,0.08) | 0.61 0.13(0.09, 0.18) 1.5E-08 | 0.004
Body fat % (log) T 1,483 | 0.05(-0.03,0.13) | 0.20 0.13 (0.08, 0.19) 3.8E-06 | 0.09
Fasting plasma ALT, U/L (log) 2,902 | 0.04(-0.02,0.10) | 0.16 0.12(0.07, 0.16) 7.6E-08 | 0.04
Fasting serum hs-CRP, mg/L (log) 1,160 | 0.13(0.03, 0.23) 0.01 0.15(0.09, 0.21) 8.9E-07 | 0.69
HOMA-IR, mIU/L (log) 2,881 | -0.03(-0.08,0.02) | 0.22 0.08 (0.04, 0.11) 4.1E-05 | 6.5E-04
Fasting whole blood HbA |, mmol/mol (log) | 2,900 | -0.01(-0.07,0.06) [ 0.87 -0.01 (-0.05,0.04) | 0.71 0.93
Fasting plasma HDL-C, mmol/L (log) 2,892 | -0.10(-0.15,-0.04) | 6.1E-04 | -0.08 (-0.12, -0.04) | 2.6E-04 | 0.55
Fasting plasma LDL-C, mmol/L (log) 2,892 [ 0.09(0.03,0.15) 0.005 0.03 (-0.01,0.08) ] 0.13 0.17
Fasting plasma triglycerides, mmol/L (log) 2,892 [ 0.08(0.03,0.13) 0.004 0.15(0.11,0.19) 3.9E-13 | 0.046
SBP SDS 2,619 [0.03(-0.03,0.10) | 0.32 0.05 (0.00, 0.10) 0.04 0.41
DBP SDS 2,619 | 0.11(0.05,0.17) 6.9E-04 | 0.08 (0.04, 0.13) 4.6E-04 | 0.88

Model: cardiometabolic risk factor (SD-units) ~sLOX-1 (SD-units) x puberty stage (pre-puberty vs. puberty/post-puberty) +age +
sex + smoking status (smoking, passive smoking, non-smoking) + BMI SDS. 1 Represents cardiometabolic risk factors which were
not adjusted for BMI SDS. Abbreviations: ALT, alanine aminotransferase; CI, confidence interval; DBP, diastolic blood pressure;
HbA ., hemoglobin A,.; HDL-C, high-density lipoprotein cholesterol; HOMA-IR, homeostasis model assessment of insulin
resistance; hs-CRP, high-sensitivity C-reactive protein; LDL-C, low-density lipoprotein cholesterol; SBP, systolic blood pressure;
SDS, standard deviation score; sSLOX-1, soluble lectin-like oxidized low-density lipoprotein receptor-1.



Table S8. Estimated OR (95% CI) for associations of fasting plasma sLOX-1 (and hs-CRP for
comparison) with cardiometabolic risk features in a pooled model.

Cardiometabolic Pooled o
risk feature Predictor n model OR (95% C1) P Value
3,790 1 1.16 (1.08, 1.25) | 4.1E-04
Hioh ALT SLOX-1 2,902 2 1.17(1.08, 1.26) | 9.1E-04
' hs.CRP 1,564 1 1.03(0.97,1.10) | 0.34
1,157 2 1.00 (0.93, 1.08) | 0.93
3,702 1 1.16 (1.07, 1.25) | 8.6E-04
Insulin resistance SLOX-1 2,800 2 1.17(1.07, 1.27) | 0.001
o CRP 1,539 1 1.03(0.96, 1.10) | 0.36
s 1,126 2 1.03(0.96, 1.11) | 0.37
3,770 1 1.08(0.98, 1.18) | 0.13
Huberalveemia SLOX-1 2,890 2 1.10(0.98, 1.21) | 0.11
ypergly 1< CRP 1,551 1 1.02(0.95, 1.09) | 0.51
1,148 2 1.01(0.93, 1.09) | 0.80
3,775 1 1.25(1.17, 1.33) | 1.8E-07
Duslinidemia SLOX-1 2,892 2 1.25(1.16, 1.34) | 2.5E-06
ySip I CRP 1,554 1 1.07 (1.00, 1.13) | 0.043
1,150 2 1.07(1.00, 1.14) | 0.08
3,472 1 1.12(1.02, 1.21) | 0.02
Hybertensi SLOX-1 2,619 2 1.09(0.98,119) | 0.13
ypertension L CRP 1,530 1 0.99(0.90, 1.07) | 0.77
1,135 2 1.00 (0.90, 1.09) | 0.96

Model I: cardiometabolic risk feature (0/1) ~sLOX-1 or hs-CRP (SD-units) + age + sex +
smoking status (smoking, passive smoking, non-smoking) + BMI SDS. Model 2: Model 1 +
puberty stage (pre-puberty, puberty/post-puberty). Abbreviations: CI, confidence interval; high
ALT, high alanine transaminase (surrogate measure of hepatic steatosis); hs-CRP, high
sensitivity C-reactive protein; OR, odds ratio; SDS, standard deviation score; sSLOX-1, soluble
lectin-like oxidized low-density lipoprotein receptor-1.



Table S9. Estimated OR (95% CI) for the interaction between fasting plasma sLOX-1 and weight status (overweight/obesity vs.
normal weight) on cardiometabolic risk features.

Cardiometabolic Overweight/Obesity Normal weight P _
risk feature " OR (95% CI) P Value | OR (95% CI) P Value | mterectin
High ALT 3,672 ] 1.20(1.10, 1.30) 1.9E-04 1.16(1.00, 1.32) [ 0.06 0.73

2,816 | 1.21(1.10,1.32) 5.1E-04 1.17(1.00, 1.34) ]0.07 0.72
3,588 | 1.24(1.15,1.33) 3.3E-06 1.10(0.91,1.30) [ 0.33 0.29
2,717 | 1.24(1.14, 1.35) 3.2E-05 [ 1.16(0.94,1.39) |0.18 0.59

Insulin resistance

Hvoeralveer 3,652 | 1.16(1.05,1.27) | 0.01 0.95(0.75, 1.15) | 0.59 0.08
yperglycemia 17 g04 [1.17(1.04,1.29) | 0.02 1.00 (0.76, 1.24) | 0.98 0.27
Dvelinidom: 3,658 | 1.29(1.20, 1.38) | 1.3E-07 | 1.24(1.08, 1.40) | 0.009 | 0.67
ystpidenia 2,807 | 1.30(1.20, 1.41) | 1.2E-06 | 1.23(1.05, 1.40) | 0.03 0.56
Hypertension 3,366 | 1.16(1.05,1.29) | 0.006 1.04(0.87, 1.25) | 0.65 0.30
2,544 | 1.15(1.02,1.30) | 0.02 0.95 (0.76, 1.19) | 0.68 0.14

Model I: cardiometabolic risk feature (0/1) ~sLOX-1 (SD-units) x weight status (overweight/obesity vs. normal weight) +age + sex
+ smoking status (smoking, passive smoking, non-smoking). Model 2: Model 1 + puberty stage (pre-puberty, puberty/post-puberty).
Abbreviations: CI, confidence interval; high ALT, high alanine transaminase (surrogate measure of hepatic steatosis); OR, odds ratio;
SD, standard deviation; sSLOX-1, soluble lectin-like oxidized low-density lipoprotein receptor-1.



Table S10. Estimated OR (95% CI) for the interaction between fasting plasma sLOX-1 and puberty stage (pre-puberty vs.
puberty/post-puberty) on cardiometabolic risk features.

Cardiometabolic Pre-puberty Puberty/post-puberty P
risk feature n OR (95% CI) | P Value | OR (95% CI) PValue | "
High ALT 2,902 1.19(1.08, 1.30) | 0.003 1.13(0.97, 1.29) 0.13 0.62
Insulin resistance | 2,800 1.13(1.01, 1.25) | 0.047 1.26 (1.1, 1.43) 0.006 0.29
Hyperglycemia 2,890 1.09 (0.95, 1.22) | 0.22 1.13(0.91, 1.34) 0.27 0.77
Dyslipidemia 2,802 | 1.24(1.13, 1.35) | 2.2E-04 | 1.27(1.11, 1.44) | 0.003 | 0.78
Hypertension 2,619 1.09 (0.91, 1.29) | 0.35 1.08 (0.95, 1.24) 0.23 0.98

Model: cardiometabolic risk feature (0/1) ~sLOX-1 (SD-units) x puberty stage (pre-puberty vs. puberty/post-puberty) +age +sex +
smoking status (smoking, passive smoking, non-smoking) + BMI SDS. Abbreviations: CI, confidence interval; high ALT, high

alanine transaminase (surrogate measure of hepatic steatosis); OR, odds ratio; SDS, standard deviation score; sSLOX-1, soluble lectin-
like oxidized low-density lipoprotein receptor-1.



Figure S1. Smoothed age- and sex- specific percentile curves (2.5, 50, 97.5) for fasting plasma sLOX-1 NPX levels.
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Generalized Additive Models for Location, Scale and Shape (GAMLSS) were performed in R, using the Box-Cox transformation
distribution family to account for skewness, with the best fit determined by the Akaike Information Criterion (AIC). The obesity clinic
group is represented by red lines and black points and the population-based group is represented by blue lines and light grey points.
Abbreviations: NPX, normalized protein expression; sSLOX-1, soluble lectin-like oxidized low-density lipoprotein receptor-1.
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