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Cardiometabolic risk factors and lactoferrin: polymorphisms
and plasma levels in French-Canadian children
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BACKGROUND: Lactoferrin (LTF) could play a beneficial role
in insulin resistance and diabetes, but the association of its
gene variants with cardio-metabolic disorders in children has
not been investigated. This study aimed to examine the
relationship between LTF variants, plasma LTF concentrations,
and cardio-metabolic risk factors in French-Canadian children.
METHODS: The study cohort comprises 1,749 French
Canadians aged 9, 13, and 16 years. The association of 13
LTF polymorphisms, metabolic parameters, and plasma LTF
levels was tested in this cross-sectional, province-wide school-
based survey.
RESULTS: None of the genetic association remained
significant after correction for multiple testing and LTF SNPs
were not associated with LTF levels. Plasma LTF was positively
correlated with body mass index (r2 = 0.2245, P= 0.0011) and
weight (r2 = 0.2515, P= 0.0008). After segregating according to
high-density lipoprotein cholesterol (HDL-C), the association
remained only in subjects exhibiting low HDL-C (r2 = 0.3868,
P= 0.0002 for body mass index and r2 = 0.3665, P= 0.0004 for
weight). In girls, plasma LTF was positively correlated with
total cholesterol (r2 = 0.2231, P= 0.0378), LDL cholesterol
(r2 = 0.2409, P= 0.0246), and apolipoprotein B (r2 = 0.2478,
P= 0.0207).
CONCLUSIONS: We found no association between LTF gene
variants and metabolic parameters following correction for
multiple testing. HDL-C and gender-specific positive associa-
tions were evidenced between plasma LTF, anthropometric
profile, and lipid levels.

The disconcerting rise in the rates of obesity in children
and adolescents has contributed to increasing their risk

for developing insulin resistance and other cardio-metabolic
complications such as dyslipidemia. Insulin resistance/glucose
intolerance, abdominal obesity, elevated blood pressure, and
dyslipidemia are components of the metabolic syndrome
(MetS), a cluster of medical disorders that enhance the risk of
developing type 2 diabetes (T2D) and cardiovascular diseases
(1). The development of T2D in young people is thus of

particular concern because several complications are common
and appear early in the disease (2). Consequently, the
identification of primary markers and genetic risk factors
for insulin resistance and T2D in young children are
becoming important tools for the management and the
prevention of long-term cardio-metabolic consequences.
Lactoferrin (lactotransferrin, LTF) is an 80-kDa, mono-

meric multifunctional iron-binding glycoprotein produced
by neutrophils and by epithelial glands, and is present in
different cells and body fluids. LTF receptors exist in a variety
of cells, including adipocytes, hepatocytes, endothelial cells,
monocytes, and lymphocytes (3). It has been reported that
LTF displays antibacterial (4), antiviral (5), anti-inflammatory
(6), and antioxidant (7) actions.
LTF may exert beneficial effects on metabolic parameters.

In rodents, oral administration of bovine LTF led to decreased
plasma triacylglycerol (TG) and free fatty acid (FFA) levels,
to increased plasma high-density lipoprotein cholesterol
(HDL-C) concentrations, and to low hepatic cholesterol and
TG content (8). Bovine LTF administration to mice also
reduced mesenteric fat tissue and hepatic TG (9). In a
macrophage cellular model, LTF inhibited the uptake of
acetylated (10) and oxidized low-density lipoprotein (LDL)
(11). In humans, circulating LTF levels were found to be lower
in obese subjects, and were inversely associated with fasting
TG, body mass index (BMI), and plasma fasting glucose, while
being directly correlated with HDL-C levels (12). Moreover, in
severely obese patients, circulating LTF concentrations were
inversely associated with postprandial lipemia, parameters
of oxidative stress (e.g., catalase and glutathione peroxidase),
and with C-reactive protein, both at baseline and after a fat
overload (13). Conversely, in non-diabetic Latino adolescents,
plasma LTF was positively associated with BMI, fat mass, and
LDL-C levels (14). Therefore, inconsistency among studies
support the need to further explore the association between
LTF levels, anthropometric profile, and metabolic parameters.
Several polymorphisms in the LTF gene have been studied

for their correlation with circulating LTF levels (15), bio-
chemical parameters (12), or risks for pathological conditions
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such as susceptibility to diarrhea (16), Parkinson disease (17),
and coronary artery stenosis (15). Associations with lipid
levels were revealed in adult obese populations (12), but such
investigations have not been performed in children. The aim
of this study was to investigate the relationship between LTF
genetic variants and the presence of cardio-metabolic risk
factors in a pediatric French Canadian population. Another
goal was to explore the association between LTF plasma levels
and cardio-metabolic parameters in this pediatric cohort.

METHODS
Population
The design and methods of the 1999 Quebec Child and Adolescent
Health and Social Survey (QCAHSS), a school-based survey of youth
aged 9, 13, and 16 years, have previously been reported in detail (18).
On a total of 2,244 DNA samples available, we restricted the current
analysis only to the 1,749 unrelated children and adolescents of
French Canadian origin in order to reduce the confounding of
genetic analyses by population stratification. The Institutional
Review Board of Sainte-Justine Hospital approved the study and
investigations were carried out in accordance with the principles of
the Declaration of Helsinki. Written informed consent was obtained
from parents/guardians, and written informed assent was obtained
from study participants.

Anthropometry, Blood Pressure, and Lipids
Height, weight, and blood pressure (BP) were measured according to
the standardized protocols (18). BMI was computed as weight in
kilograms divided by the height in meters squared (kg/m2). Values of
percentile cutoff points used to identify subjects with metabolic risk
factors were estimated from the study distributions. Cutoff points
were age and sex specific, and BP cutoff points were also height
specific, according to the National High Blood Pressure Education
Program Working Group on High Blood Pressure in Children and
Adolescents. Subjects with BMI ≥ 85th percentile values were
categorized as overweight/obese. High TG, insulin, LDL-C, and
systolic BP were defined as values ≥ 75th percentile, and low HDL-C
was defined as values ≤ 25th percentile. Impaired fasting glucose was
defined as concentrations ≥ 6.1 ando7.0 mmol/l. No study partici-
pant had fasting plasma glucose ≥ 7.0 mmol/l. Estimation of
childhood MetS prevalence continues to be challenging and
controversial and there is no internationally accepted definition of
childhood MetS. More than 40 definitions for childhood MetS have
so far been proposed and most of them are based on adaptations of
adult criteria. Therefore, in the present work, we have based our
definition on our work where we assessed the clustering of metabolic
risk factors and estimated the prevalence of MetS in a representative
sample of youth in the province of Quebec in Canada (19). In our
analyses, MetS required the presence of obesity and at least two other
risk factors among high systolic or diastolic BP, high TG, low HDL-
C, and impaired fasting glucose (1). General obesity was used instead
of central obesity, as waist circumference data were not available for
this study.

Biochemical Analyses
Blood samples were collected in the morning, after an overnight fast.
Plasma total cholesterol (TC), HDL-C, TG, and glucose concentra-
tions were determined on a Beckman Synchron Cx7 instrument as
previously described (18). Apolipoprotein (apo) A-I and apo B were
measured by nephelometry (Array Protein System; Beckman). The
Friedewald equation was used to calculate LDL-C. Plasma insulin
concentrations were determined with the ultrasensitive Access
immunoassay system (Beckman Coulter, Brea, CA, USA), which
has no cross-reactivity with proinsulin or C-peptide. Plasma FFA
concentrations were quantified by an enzymatic colorimetric method
(Wako Chemicals, Richmond, VA, USA). Plasma LTF was measured
using a commercial ELISA kit (AssayPro, St Charles, MO) in a

sample of 176 children aged 9, 13, and 16 years, selected according to
their extreme HDL-C values in order to detect the largest effect.

Genotyping
Genomic DNA was prepared from white blood cells using the
Puregene DNA Isolation kit (Gentra Systems, Minneapolis, MN,
USA). In total, 13 LTF SNPs were selected based on previous
associations reported in the literature (12,15–17,20–25)
(Supplementary Table S1 online). SNPs were genotyped using
Sequenom-based primer-extension methods. These methods are
designed for high-throughput SNP genotyping. The platform has a
high assay conversion rate (85%), high genotyping success rate
(95%), and minimal error rates (0.5–1%). Genotyping was carried
out at the McGill University and Genome Quebec Innovation Center
in Montreal.

Statistical Analysis
Statistical analyses were performed with STATA v.10 statistical
software (StataCorp LP, College Station, TX, USA). Potential
genotyping errors were assessed using χ2 tests, which evaluate the
deviation of each SNP from Hardy–Weinberg equilibrium. Subjects
were categorized according to their MetS status (yes/no). Between-
group allele and genotype frequency distributions were compared by
a χ2 test. Allelic association for individual SNPs was carried out using
logistic regression by fitting an additive model. To take the design
effect into account, mixed models were used for all analyses of
variance and regressions, with genetic markers and other indepen-
dent variables treated as fixed effects, and with clustering between
subjects in the same school treated as a random effect. We used
mixed logistic regression to examine the association between MetS
status and LTF genotypes. We used mixed analysis of variance and
mixed linear regression to study the associations between genotypes
and metabolic variables. Scheffe’s contrasts were used for post hoc
pair comparisons. Insulin, TG, FFA, and BMI values were log-
transformed for statistical analyses to improve the normality of their
distributions. Because we pooled age and sex groups, age- and sex-
specific Z-scores for BMI, insulin, glucose, TG, LDL-C, HDL-C, apo
B, and apo A-I were used in linear regression analyses. To
standardize a value (i.e., compute its Z-score), we subtracted the
mean of the corresponding study distribution and divided it by the
SD. Haplotype analysis was carried out using HAPLOVIEW
Software (Broad Institute, Cambridge, MA, USA), version 3.11 on
the six SNPs for which the allelic association was significant or close
to significant. Haplotype blocks were created using the confidence
interval feature. For each block, the haplotype association for each
haplotype with MetS was examined by logistic regression. The
association with the metabolic markers was evaluated using linear
regression and P values were estimated. Pearson’s correlation
analyses were used to estimate correlation between LTF levels and
various phenotypes (confidence interval of 95%).

RESULTS
Population Characteristics
The clinical and biochemical characteristics of participants are
shown in Table 1. The prevalence of MetS was 11.03%. As
expected, youth with MetS displayed significantly higher BMI,
systolic and diastolic BP, TC, LDL-C, apo B, TG, FFA, insulin,
and glucose, as well as lower levels of HDL-C and apo A-I
than youth without MetS. No differences were detected in age
and gender among subjects with and without MetS.

Effect of Polymorphisms on Metabolic Variables
A total of 1,749 subjects were included for genotyping. The
list of the 13 genotyped SNPs, their associations reported in
the literature, and their minor allele frequencies are illus-
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trated in Supplementary Table S1. All SNPs were in
Hardy–Weinberg equilibrium. We studied the effect of LTF
polymorphisms on mean LDL-C, HDL-C, apo A-I, apo B,
FFA, TG, glucose, and insulin levels. As we did not detect
heterogeneity in LTF polymorphism effects with respect to
sex and age, groups were pooled in subsequent analyses.
Regression coefficients were calculated to study associations
between LTF genotypes and Z-score for blood glucose,
insulin, TG, HDL-C, LDL-C, apo A-I, and apo B after

adjustment for age, sex, and BMI. Three SNPs (rs1126478,
rs34827868, and rs1042073) had minor allele associated with
increased levels of HDL-C (coefficients: 0.086± 0.035,
P= 0.015; 0.174± 0.074, P= 0.018; and 0.089± 0.036,
P= 0.015, respectively; Table 2). A negative coefficient
suggests decreasing values of the marker for every addi-
tional copy of the risk allele. Three other SNPs (rs4637321,
rs2239692, and rs10865941) were associated respectively
with reduced fasting glucose (coefficient: − 0.076± 0.039,

Table 2. LTF polymorphisms and metabolic parameters

SNP Metabolic parameter Alleles (major/minor) Adjusted coefficient P value Corrected P value

rs1126478 HDL-C (mmol/l) A/G 0.086± 0.035 0.015 0.195

rs34827868 HDL-C (mmol/l) C/T 0.174± 0.074 0.018 0.234

rs1042073 HDL-C (mmol/l) C/T 0.089± 0.036 0.015 0.195

rs4637321 Fasting glucose (mmol/l) C/T − 0.076± 0.039 0.05 0.650

rs2239692 Blood pressure (mmHg) A/G 1.314± 0.163 0.029 0.377

rs10865941 FFA (mmol/l) T/C 0.074± 0.034 0.033 0.429

SNP Effect of minor allele Odds ratio (95% CI) P value Corrected P value

rs2239692 ↓ risk MetS A/G 0.82 ± 0.10 (0.65–1.02) 0.039 0.507

FFA, free fatty acids; HDL-C, high-density lipoprotein cholesterol; MetS, metabolic syndrome.
A positive coefficient suggests increasing value of the marker for every additional copy of the SNP. A negative coefficient suggests decreasing value of the marker for every
additional copy of the SNP. The linear mixed model was adjusted for age, gender and body mass index. Separate logistic regression models were fit for each SNP adjusting for
age, gender, and body mass index.
For the risk of metabolic syndrome, separate logistic regression models were fit for each SNP adjusting for age, gender, and body mass index.

Table 1. Characteristics of study participants according to metabolic syndrome status

Variable Total (n= 1,749) MetSa P valueb

No (n= 1,556) Yes (n= 193)

9-Year olds, % (n) 31.96 (559) 32.33 (503) 29.02 (56) 0.648

13-Year olds, % (n) 30.87 (540) 30.72 (478) 32.12 (62) —

16-Year olds, % (n) 37.16 (650) 36.95 (575) 38.86 (75) —

Gender: male, % (n) 50.31 (880) 50.39 (784) 49.74 (96) 0.866

BMIc (kg/m2) 20.23 ± 4.37 19.30 ± 3.28 28.01 ± 4.55 o0.00001

Systolic BP (mm Hg) 111.88 ± 13.74 110.64 ± 13.00 122.01 ± 15.32 o0.00001

Diastolic BP (mm Hg) 59.34 ± 7.14 58.79 ± 6.95 63.77 ± 7.09 o0.00001

TC (mmol/l) 4.00 ± 0.75 3.97± 0.75 4.20 ± 0.80 o0.00001

LDL-C (mmol/l) 2.31 ± 0.64 2.28± 0.63 2.48 ± 0.67 o0.00001

Apo B (g/l) 0.66 ± 0.18 0.65± 0.17 0.75 ± 0.20 o0.00001

HDL-C (mmol/l) 1.30 ± 0.25 1.32± 0.25 1.13 ± 0.18 o0.00001

Apo A-I (g/l) 1.19 ± 0.17 1.20± 0.17 1.13 ± 0.16 o0.00001

TGc (mmol/l) 0.87 ± 0.42 0.82± 0.36 1.28 ± 0.63 o0.00001

FFAc (mmol/l) 0.44 ± 0.21 0.43± 0.21 0.47 ± 0.20 o0.0086

Glucose (mmol/l) 5.16 ± 0.38 5.15± 0.38 5.26 ± 0.40 o0.0001

Insulinc (pmol/l) 43.62 ± 30.50 38.71 ± 20.20 83.23 ± 58.24 o0.00001

Apo, apolipoprotein; BMI, body mass index; BP, blood pressure; HDL-C, high-density lipoprotein-cholesterol; LDL-C, low density lipoprotein-cholesterol; MetS, metabolic syn-
drome; TC, total cholesterol; TG, triglyceride.
Data are expressed as percentage (frequency) or mean ± SD.
aMetS is defined as the presence of obesity (BMI≥ 85th percentile) in combination with two or more of the following: high systolic BP (≥75th percentile), high diastolic BP
(≥75th percentile), high TG (≥75th percentile), low HDL-C (≤25th percentile), and impaired fasting glucose (≥6.1 mmol/l).
bP value for comparisons between groups (MetS− and MetS+).
cUntransformed data are presented; loge-transformed values were used for statistical comparisons.
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P= 0.05), increased BP (coefficient: 1.314± 0.163, P= 0.029),
and elevated FFA (coefficient: 0.074± 0.034, P= 0.033).
However, none of these associations remained significant
after correction for multiple testing.

Effect of Polymorphisms on the Risk of Metabolic Syndrome
The 13 SNPs were analyzed for association with MetS and
the results are presented in Table 2. Before correction for
multiple testing, there was a significant difference in allele
frequencies between MetS− and MetS+ subjects for one
polymorphism (rs2239692, odds ratio (OR): 0.82± 0.10,
P= 0.039) that was found associated with blood pressure
values. However, after correction for multiple comparisons,
the association lost its significance.

Haplotype Analyses
Haplotype analyses were performed on the six LTF SNPs for
which allelic associations were detected (Table 3). We found
that one haplotype (frequency of 5.1%) was associated with

HDL-C levels (coefficient: 0.195± 0.077, P= 0.011) after
adjustment for age, sex, and BMI, but the association lost
its significance after correction for multiple testing.

Effect of Polymorphisms on Plasma LTF Levels
We studied the effect of the six LTF polymorphisms, for
which allelic associations were detected, on plasma LTF levels
in our sub-cohort of 176 subjects and did not find any effect
even after correcting for age, sex, BMI, and HDL levels
(Supplementary Table S2).

Plasma LTF According to HDL Levels
As we observed nominally significant P values for multiple
LTF SNPs with plasma HDL-C, we considered that this asso-
ciation was worth further investigation. Thus, we attempted
to compare plasma LTF levels in subjects presenting with
low and high plasma HDL-C. From our original cohort, we
selected 176 subjects from both genders in three age categories
(Supplementary Table S2). Data showed that, compared

Table 3. LTF haplotypes and plasma HDL-C levels

Haplotype Frequency (%) Adjusted coefficient 95% CI P value Corrected P value

rs1042073, rs2239692, rs34827868,
rs1126478, rs4637321, rs10865941

GTAGAC 5.1 0.195± 0.077 0.044 to − 0.346 0.011 0.143
ACGAGC 2.3 − 0.093 ± 0.048 − 0.187 to 0.000 0.050 0.650

A positive coefficient suggests increasing value of the marker for every additional copy of the haplotype. A negative coefficient suggests decreasing value of the marker for
every additional copy of the haplotype. The linear mixed model was adjusted for age, gender, and body mass index.

Table 4. Correlations between plasma lactoferrin levels and metabolic parameters

Correlation with LTF

Total (n= 176) Boys (n=89) Girls (n=87) Low HDL (n=90) High HDL (n= 86)

Age (years) 0.087 0.146 0.028 0.114 0.009

Weight (kg) 0.245** 0.276** 0.210* 0.387*** 0.107

BMI (kg/m2) 0.252*** 0.265* 0.246* 0.367*** 0.168

Systolic BP (mm Hg) 0.138 0.202 0.066 0.194 0.087

Diastolic BP (mm Hg) 0.099 0.195 0.008 0.155 0.044

TC (mmol/l) 0.170* 0.126 0.223* 0.204 0.129

LDL-C (mmol/l) 0.178* 0.117 0.241* 0.174 0.166

LDL size − 0.025 − 0.117 0.059 − 0.147 0.002

Apo B (g/l) 0.221** 0.203 0.248* 0.252* 0.197

TG (mmol/l) 0.071 0.081 0.066 0.154 0.015

FFA (mmol/l) − 0.035 0.011 − 0.064 − 0.170 0.146

HDL-C (mmol/l) 0.046 0.049 0.043 0.061 − 0.065

Apo AI (g/l) 0.059 0.093 0.025 0.108 − 0.054

Glucose (mmol/l) 0.021 0.022 0.008 0.119 − 0.106

Insulin (pmol/l) 0.025 0.135 − 0.063 0.099 − 0.053

CRP (mg/dl) − 0.029 − 0.087 0.052 − 0.058 0.053

Apo, apolipoprotein; BMI, body mass index; BP, blood pressure; CRP, C-reactive protein; FFA, free fatty acids; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density
lipoprotein cholesterol; MetS, metabolic syndrome; TC, total cholesterol; TG, triglyceride.
*Po0.05; **Po0.01; ***Po0.001.
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to subjects with low HDL-C, subjects presenting with
high HDL-C also had higher levels of apo A-I (1.83± 0.19
vs. 0.86± 0.08 g/l, Po0.0001), total cholesterol (4.48± 0.61
vs. 3.45± 0.78 mmol/l, Po0.0001), and LDL-C (2.34± 0.54 vs.
2.08± 0.66mmol/l, P= 0.0042). However, they had lower BMI
(18.37± 3.09 vs. 21.45± 5.28 kg/m2, Po0.0001), TG (0.67±
0.25 vs. 1.11± 0.57mmol/l, Po0.0001), insulin (35.64± 16.80
vs. 49.31± 27.28 pmol/l, Po0.0001), and C-reactive protein
(1.15± 5.16 vs. 3.92± 8.90mg/dl, Po0.0129). Nevertheless, no
differences were observed in plasma LTF levels between the two
groups (Supplementary Table S3).

Associations between Plasma Lactoferrin and Metabolic
Parameters
Finally, we evaluated the associations between plasma LTF
levels and metabolic parameters (Table 4). Our data show

that plasma LTF is positively correlated with BMI and weight
(Figure 1a). However, after segregating subjects according to
their HDL-C status, the association was detectable only in
subjects displaying low HDL-C (Figure 1b), as no correlation
with weight or BMI was found in children with high HDL-C
levels (Figure 1c). Moreover, plasma LTF was positively
correlated with total cholesterol, LDL-C, and apo B levels in
children (Figure 2a). Analyzing the data according to gender
revealed significant associations only in girls (Figure 2b,c).
Plasma glucose, insulin, C-reactive protein, and HDL-C were
not significantly associated with LTF levels.

DISCUSSION
In this work, we have demonstrated that: (i) after correction
for multiple testing, LTF polymorphisms and haplotypes are
not associated with metabolic parameters in French-Canadian
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Figure 1. Correlations between plasma lactoferrin, weight and body mass index. Plasma levels of lactoferrin were measured and correlated in (a) all
children (n= 176); (b) children with low levels of HDL-C (n=90) and; (c) with high levels of HDL-C (n=86).
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children; (ii) LTF polymorphisms and haplotypes are not
related to LTF plasma levels; and (iii) LTF plasma levels are
correlated with metabolic outcomes in a HDL-C- and gender-
dependant manner.
Despite the large number of subjects included in our study,

our results did not validate the associations previously
reported by Moreno-Navarrete et al. (12). The authors found
that, in men presenting with altered glucose tolerance, two
non-synonymous polymorphisms (rs1126477 and rs1126478)
were associated with TG and HDL-C plasma levels (12). In
our study, the associations found with metabolic variables
(HDL-C, fasting glucose, blood pressure, and FFA) or with
the presence of MetS did not remain significant after
corrections for multiple testing. In the same manner, after
dosing plasma LTF in a sub-cohort of 176 subjects, we could
not reveal associations with LTF polymorphisms, a finding
that is in line with the results published by Moreno-Navarrete
et al. (12). Conversely, in a cohort of 155 women and 150
men, Videm et al. (15) did show associations between the

deletion variant of rs10662431 and the G allele of rs1126478
and higher plasma LTF concentrations.
Although no significant association was found, our study

highlighted the tendency for association with plasma HDL-C.
To further explore this issue, we measured plasma LTF in
children presenting with low and high HDL-C levels. No
differences in plasma LTF were found between the two
groups, which is in accordance with a previous study showing
that circulating LTF is not significantly associated with HDL-
C in obese subjects (13). Next, our analyses revealed a
significant association between plasma LTF, weight, and BMI
in children. Similarly, a study performed in non-diabetic
Latino youth (163 subjects aged 8–21 years) revealed higher
plasma LTF levels in overweight and obese subjects compared
to those with normal weight (14). Combined with our results,
these data demonstrate that the association between plasma
LTF and BMI in children is different from that detected in
adult populations. As a matter of fact, studies in adult
populations showed a negative correlation between plasma
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Figure 2. Correlations between plasma lactoferrin, total cholesterol, LDL-C and Apo B. Plasma levels of lactoferrin were measured and correlated in
(a) all children (n= 176); (b) boys (n= 89) and; (c) girls (n= 87).
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LTF levels and weight. LTF administration to Japanese adults
led to decreased body weight and BMI (26) and, in male with
altered glucose tolerance, plasma LTF concentration was
inversely proportional with fasting TG, BMI, and waist-to-hip
ratio, and was positively correlated with HDL-C (12,27).
Also in adults, LTF protein concentrations in visceral and
subcutaneous adipose tissue were inversely associated with
BMI and percent fat mass (28). To explain these differences
between children and adults, Kim et al. (14) proposed that, in
adults, hyperglycemia or inflammatory responses could
interrupt degranulation of neutrophils and thus reduce the
LTF secretion efficiency, a phenomenon that would not occur
in children, given that their inflammation-related metabolic
status may be less impacted in children .
Interestingly, in our study, after segregating according to

HDL-C levels, the observed associations with weight and BMI
remained significant only in children presenting with low
HDL-C. Accordingly, LTF levels were reported to be elevated
in inflammatory situations (29,30) and LTF anti-
inflammatory activity is partially based on its ability to bind
free ferric ions and inhibit oxidative bursts. Hence, the
positive association between LTF levels and weight/BMI in
children presenting with low HDL-C could reflect a
compensatory mechanism in subjects prone to inflammation,
given the powerful anti-inflammatory and anti-oxidant
capacities attributed to HDL-C particles.
Furthermore, our study found a gender-dependant positive

correlation between plasma LTF and lipid levels, namely total
cholesterol, LDL-C and apo B, but the association was only
significant in girls. Similar sex-specific associations were found
with LDL-C in Latino girls, which were not significant in boys
(14). This gender-dependent association was also found for
markers of obesity (BMI, fat mass, waist, and hip circumfer-
ences) that accompanied higher LTF concentrations in boys
alone (14). In addition, the associations reported in our
investigation are different from the findings reported in adult
cohorts, as LDL-C levels were found negatively (12) or not
correlated (13) with LTF. Importantly, unlike our cohort, these
studies were conducted on adult men only (12) and in severely
obese subjects (13). The gender and age associations observed
in our study are difficult to explain at the moment, but one
could speculate that they might be related to the inflammatory
and/or adiposity status. Nonetheless, they stress the need to
further examine the effects of plasma LTF in younger
populations, taking into account subjects’ adiposity status.
In summary, the association between 13 LTF polymor-

phisms and cardio-metabolic risk factors was investigated
in a French-Canadian pediatric population. Although these
polymorphisms were not independent risk factors for
various components of the metabolic syndrome, our findings
emphasize a number of significant associations between
HDL-C and gender on the one hand, and plasma LTF,
anthropometric profile, and lipid levels on the other hand,
which may contribute to the pathogenesis of the metabolic
syndrome.

SUPPLEMENTARY MATERIAL
Supplementary material is linked to the online version of the paper at
http://www.nature.com/pr
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