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Background: Pediatric obesity continues to remain a serious health concern which has
significantly increased the morbidity risk in adulthood. Recent studies have analyzed the
impact of the two adipokines, RBP4 (retinol binding protein 4) and STRAG6 (stimulated by
retinoic acid 6) in pediatric obese subjects with contradictory results.

Methods: An observational study was conducted in the Pediatric and Endocrinology
Departments, Targu-Mures, Romania, including 213 children between 5-17 years of age,
divided into two groups according to body mass index (BMI) standard deviation score
(SDS): case (overweight or obese) and control (normal SDS). Age, sex, basic anthropometric
and biochemical measurements and genotype of 753758539, and rs10882280 for RBP4 gene
and 75974456 and rs351224 of STRAG6 gene were analyzed. Statistical analysis used SPSS
v. 25.0, with a level of significance a = 0.05.

Results: There is no association between the two gene’s polymorphisms and obesity in our
pediatric population. In regression analysis, with HOMA IR (homeostatic model assessment of
insulin resistance) as the outcome, the plasmatic level of RBP4 and fat mass percentage are
of the HOMA variability.
Hypercholesterolemia was significantly associated with male sex, carrying variant allele and
heterozygote status of 7510882280 RBP4 gene and wild-type allele 7351224 of STRAG6 gene.
Conclusion: There is no significant association between obesity and SNPs of the RBP4 and

significant predictors, with the model explaining 42%

STRA6 in our population, but they seem to play a role in insulin resistance and
hypercholesterolemia.
Keywords: pediatric obesity, RBP4, STRA6, polymorphisms

Introduction

Overweight and obesity have become a global public health problem in the last
decade, with its prevalence increasing at an alarming step, especially in the pedia-
tric population. The World Health Organization (WHO) estimated that in 2016,
340 million children and adolescents aged 5-19 years were overweight or obese.'
The most recent data for Romania showed that one in four children was overweight
or obese with male gender and school-aged groups being more affected.”* This
condition leads to a higher propensity towards developing metabolic syndrome,
diabetes mellitus, hypertension, cardiovascular disease, and sleep apnea both during
childhood and later in adulthood.
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Endocrine Society recommends using body mass index
(BMI) standard deviation scores (SDS) to categorize obe-
sity in research studies, based on the WHO standards.*
Normal BMI is considered between —1 and +1 standard
deviation score SDS for age and sex, overweight as a BMI
between +1 and +2 SDS and obesity as a BMI above +2
SDS for age and sex.” Genetic, socioeconomic, behavioral,
and environmental factors are involved in this disorder’s
etiology.® In obese humans, adipose tissue secretes an
impressive number of adipokines with local and systemic
effects and it is responsible for insulin resistance with
proinflammatory response.’

RBP4 (retinol binding protein 4) is a plasma transpor-
ter protein for vitamin A, which has been recently
described as a possible mediator for obesity and type 2
diabetes mellitus through its ability to increase insulin
resistance.®” The RBP4 gene is located on chromosome
10 (10g23—q24), has a molecular mass of ~21kDa and it
encodes a protein of 201 amino acids.'® Yang et al
observed higher levels of RBP4 in the blood of several
mouse models of obesity and insulin resistance."'

STRAG (stimulated by retinoic acid 6) is a membrane
retinol transporter, which transfers vitamin A from blood
into target cells and it was identified as the RBP4 mem-
brane receptor.'*'* STRA6 activates a JAK2 (Janus
kinases 2)/STATS (Signal transducer and activator of tran-
scription 5) cascade which continues with induction of
STAT target genes. It induces the inhibitor of insulin
signaling SOCS3 (Suppressor of cytokine signaling 3)
with insulin resistance as final result.'"'* The role of
RBP4 and STRAG in children’s obesity and its comorbid-
ities was investigated in different populations such as the
Chinese, Caucasian, American, Canadian, but as to date,
data

there is no available

1520

regarding Romanian
children.

The studies analyzing the impact of various adipokines
on metabolic consequences are important for their correct
and early management. Apart from prevention strategies
which include physical activity, lifestyle and diet changes,
the treatment for confirmed cases is difficult and novel
therapeutic strategies targeting adipokine milieu might
become the key for tackling this condition. In order to
“flatten the curve,” new approaches to prevent and address
obesity must be devised. Using adipokines as target for
future pharmacological interventions might prove to be the
key for treating obesity, but the exact relationship between
the adipokines, their genes and obesity development has
yet to be fully understood.>!

Recently, studies analyzing RBP4 plasmatic levels in
pediatric populations showed that higher values were asso-
ciated with increased cardiovascular and obesity risk, with
the underlying mechanism hypothesized to be increased
of

- 1622-24 .
glutathione. Apart from plasma levels, single nucleo-

levels oxidative  stress markers, such as
tide polymorphisms have been analyzed, yielding an associa-
tion between 753758539 and rs10882280 of the RBP4 and
insulin resistance, metabolic syndrome, obesity and diabetes
mellitus.?**>?® 75974456 of the STRA6 was significantly
associated with  diabetes mellitus in the adult
population.””® Therefore, RBP4 and STRA6 gene poly-
morphism might be involved as susceptibility genes in
obesity.

The aim of this study was to analyze the association of
two specific single nucleotide polymorphism (SNPs)
rs3758539 and rs10882280 of the RBP4 and rs974456
and rs351224 of the STRA6 with anthropometric and

biochemical markers of obesity in children.

Materials and Methods
Study Design

An observational study was conducted in the Endocrinology
and Pediatric Clinic of Targu Mures, Romania, including 213
children, between 5—17 years of age, selected and evaluated
between 2016 and 2018. Subjects were divided into two
groups according to BMI SDS, based on WHO standards:*’
control group: —1 SDS and + 1 SDS, and case group (over-
weight: > +1 SDS and obese > +2 SDS). Subjects in the
control group were represented by children with normal BMI
and without any of the exclusion criteria, referred for
a pediatric or endocrine consult and in whom any pathology
was excluded. The following exclusion criteria were used:
age below 5 years; secondary causes of obesity, such as
genetic, hypothalamic disorders, endocrine severe disorders;
history of severe chronic diseases (chronic kidney disease,
heart failure, liver failure, and malabsorption syndrome);
pharmacological causes; or parents and children’s refusal to
participate in the study. For the case group, all consecutive
children presenting for consult with a BMI SDS >1 SDS and
none of the exclusion criteria were considered eligible and
were proposed participation in the study.

Ethics Statements
The study protocol was approved by the Ethics Committee
Palade”
Science

for Scientific Research of “George FEmil

University of Medicine, Pharmacy, and
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Technology of Targu Mures (decision no.7/11th of
January 2016). Written informed consent was obtained
from the parents/legal representatives and a verbal consent
from children.

Upon written consent, the study visit was scheduled,
during which all anthropometric measurements were
repeated, body composition analysis was performed and
blood was drawn for biochemical and genetic analysis. We
analyzed age, sex and basic anthropometric measurements:
height SDS, BMI SDS, abdominal circumference SDS,
tricipital skin-fold thickness SDS, waist circumference/
height ratio (WHtR), body composition such as fat mass,
muscle mass performed with bioimpedance analysis
(Tanita BC-420) which is a safe method based on electri-
cal resistance of different type of tissue and can be influ-
enced by age, sex or race. We used standardized tools and

measurement pro‘tocols.30"31

Metabolic Analysis
Biochemistry parameters, serum levels of glucose (normal
value: 70-105 mg/dl), total cholesterol (normal value:
<170 mg/dl), HDL-c (normal value: 40—-60 mg/dl), uric
acid (normal value: 2.6-6 mg/dl), triglycerides (TG, nor-
mal value: <150 mg/dl) were evaluated by routine labora-
tory procedures on analyzer Architect C 4000.

HOMA IR (homeostatic model assessment for insulin
resistance) was calculated according to formula: fasting
insulin levels x fasting glucose/405.

For insulin and RBP4, blood samples were collected
on EDTA as anticoagulant, during the morning after
10-12 hours overnighting fasting. Tubes were centri-
fuged at 1500g for 15 minutes and plasma aliquoted
and stored at —80 °C until analyzed. Plasma levels of
insulin and RBP4 were assessed using the ELISA method
on automated analyzer ELISA Dynex DSX (Dynex
Technology, USA).

For International

insulin  (DRG USA)

a quantitative solid-phase enzyme-linked immunosorbent

Inc.,

assay (ELISA) based on the sandwich principle was used,
according to the manufacturer instructions. Patient sam-
ples (containing endogenous insulin) were incubated with
enzyme conjugate containing biotin-conjugated anti-
insulin antibody in the wells coated with monoclonal anti-
insulin antibody. After incubation and washing steps, the
addition of the streptavidin peroxidase complex followed
by substrate, allow revelation of the antigen-antibody com-
plex. The intensity of color developed was proportional to

the insulin concentration in the sample. Performance char-
acteristics for Insulin detection kit: sensitivity 1.76 pUl/
mL, intra- and inter-assay CVs were < 2.6 % and < 6%
respectively.

For RBP4, a captured quantitative ELISA immunoas-
say was used, according to manufacturers’ instructions
(Sigma-Aldrich Co, USA). The capture antibody coated
on wells were incubated with samples and standards (with
known concentrations). After an overnight incubation step
at 4 °C, the target protein from the sample binds on the
immobilized antibody from the bottom of the wells. After
the addition of the secondary biotinylated detection anti-
body followed by peroxidase-streptavidin solution and
substrate (3,3',5,5'-Tetramethylbenzidine) the color devel-
oped was proportional to RBP4 concentration from the
samples. The performance characteristics of the test
were: minimum detectable dose 0.1 ng/mL and intraassay
reproducibility < 10%.

Fresh blood, collected in an EDTA tube, was used for
isolation of genomic DNA (gDNA) by using Quick-DNA
miniprep kit (from ZymoResearch, USA). The obtained
gDNA was quantified by using BioSpectrometer basic
(Eppendorf AG). For genotyping of rs3758539, and
rs10882280 for RBP4 gene and rs974456 and rs351224
of STRAG6 gene we used the 7500 Fast Real-Time PCR
system from ThermoFisher Scientific (USA) and the spe-
cific TagMan assays as follows: C 11756910 10,
C 11756899 10 (for RB4 SNPs) and C__ 3152257 20,
C__ 3152256 _10 (for STRA6 SNPs).

Statistical Analysis

The statistical analysis was performed using SPSS
v. 25.0 (SPSS Inc, Chicago, IL, USA). For descriptive
statistics, we used the mean and standard deviation for
normally distributed variables and median and inter-
The
Shapiro Wilk test was used to assess distribution.

quartile range for non-gaussian distribution.

Unpaired independent samples ¢-test or Mann—
Whitney test were used for mean/median comparison.
Spearman’s nonparametric correlation analysis was
used to determine the relationships between continuous
variables and chi-square test for associations’ evalua-
tion. Linear and logistic regression models were con-
structed, using the continuous or categorical BMI
classification, as well as metabolic parameters as out-

comes and the various anthropometric and metabolic
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parameters as predictors. The level of significance used
was a=0.05.

Results

Anthropometric and biochemical characteristics of the
study groups are presented in Table 1. Median age of the
control group was 12.0 years (10.9-12.3) and for case
group was 11.5 years (10.9-11.9), with no significant
difference between median age (p=0.635). The two groups
were age and sex matched, with 130 subjects in the case
group and 83 in the control group. Sex ratio male: female
was 0.8 for control group and 1.1 for the case group. There
are significant differences for clinical parameters: height
SDS, BMI SDS, waist SDS, skinfold SDS, fat mass, and
muscle mass. Except for glucose, all the metabolic para-
meters were significantly different between case and con-
trol groups.

HOMA IR, significantly correlated with BMI SDS (r
=0.426, p=0.001), waist circumference SDS (r,= 0.426,
p=0.001), fat mass (rs= 0.501, p=0.001), muscle mass (r,
=0.375, p=0.001), glucose (r;= 0.285, p=0.001), triglycer-
ides (rs= 0.33, p= 0.001), HDL-cholesterol (rs 0.199,
p=0.007), uric acid (r;= 0.221, p= 0.016) and insulin (r&=
0.973, p=0.001).

After adjusting for age, sex and BMI SDS, the plas-
matic level of RBP4 does not correlate with the compo-
nents of the metabolic, body composition or
anthropometric profile.

In regression analysis, with HOMA IR as the outcome,
the plasmatic level of RBP4 (=0.153, 95% CI 0.02—0.285,

p=0.024), age ($=0.193, 95% CI 0.062-0.325, p=0.004)
and fat mass percentage (f=0.338, 95% CI 0.188-0.488,
p<0.001) are significant predictors, with the model explain-
ing 42% of the HOMA variability and BMI SDS and sex
having no significant influence.

The frequency of minor alleles corresponds to the
general data for each polymorphism, and the frequency
of the genotypes is in the Hardy-Weinberg equilibrium
(RBP4 rs3758539 X*=0.1, RBP4 rs10882280, X*=0.07,
STRAG6 rs351224 X*=0.45, p>0.05), except for STRA6
rs974456(X°=4.45, p<0.01). There is an association
between sex and STRA6 rs974456 (p=0.021), and the
genotype frequency for boys is in Hardy Weinberg equili-
brium (X*=0.97, p>0.05). Using logistic regression, with
low HDL or high triglycerides as the outcome, there is no
association with the RBP4 or STRA6 SNP. When using
hypercholesterolemia as the outcome, male sex (OR 2.197,
95% CI 1.132-4.266, p=0.020), allele A of the rs10882280
(OR 0.274, 95% CI 0.125-0.604, p=0.001), heterozygote
status of the RBP4 rs10882280 (OR 3.643, 95% CI 1.-
657-8.012, p=0.001) and allele T of the STRAG6 rs351224
(OR 2.368, 95% CI 1.044-5.368, p=0.039) are signifi-
cantly associated with it.

There is no significant association between the geno-
types and obesity (Table 2).

Discussions

Pediatric obesity continues to remain a serious health
concern which has significantly increased the risk of
comorbidities in adulthood. This disorder is caused by

Table | General Characteristics of the Normal vs Overweight obese Children

Mean or Median Control (BMI< ISD) SD or IQR Case (BMI> ISD) SD or IQR p value
Age (years) 12 4.94 I1.55 227 0.635
Height SD 0.01 —0.97-0.87 0.42 —0.6-1.33 0.038
BMI SD -0.17 —0.56-0.32 1.96 1.47-2.55 <0.0001
Waist SD 0.79 0.38-1.42 2.56 2.07-2.99 <0.0001
Skinfold SD —0.57 —1.64-0.56 2.60 1.04-3.59 <0.0001
Fat mass (kg) 6.8 4.45-9.95 18.60 12.9-24 <0.0001
Muscle mas (kg) 328 22.35-38.25 36.0 29-44.9 <0.0001
Glucose (mg/dL) 81.0 76-86.8 82.0 77-88.23 0.18
Cholesterol (mg/dL) 156.45 140.55-173.18 162.9 144-182.25 0.04
Triglycerides (mg/dL) 57.45 46.75-78.75 79.0 61.75-110 <0.0001
HDL-Cholesterol (mg/dL) 54.2 48.8-62.75 49.7 41-56.3 0.001
Uric acid (mg/dL) 4.20 3.5-5.0 4.90 4.0-5.8 <0.0001
RBP4 (ng/mL) 12059 7095.49-16193 13076.5 7765-18088 0.19
Insulin (Miu/L) 21.78 15.71-28.92 33.18 24.70-41.60 <0.0001
HOMA IR 4.26 2.92-5.73 6.6 4.87-8.95 <0.0001

Abbreviations: RBP4, retinol binding protein 4 level; HOMA IR, homeostatic model assessment for insulin resistance.
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Table 2 Genotype and allele Distributions of Investigated SNPs in Pediatric Population

SNP Genotype/Allele Control BMI>1 SD OR (95% CI, p)
RBP4 rs3758539 cc 54 (25.35%) 87 (40.84%)
cT 26 (12.20%) 33 (15.49%) 0.787 (0.425—-1.459, p= 0.547)
T | (0.46%) 6 (2.81%) 3.724 (0.436-31.799, p=0.377)
CT+TT 27 (12.67%) 39 (18.30%) 0.896 (0.493—1.629, p=0.836)
C allele 134 (82.71%) 207 (82.14%)
T allele 28 (17.28%) 45 (17.85%) 1.040 (0.618-1.749, p=1.000)
RBP4 rs10882280 cc 67 (31.45%) 97 (45.53%)
AC 14 (6.57%) 26 (12.20%) 1.283 (0.624-2.637, p=0.618)
AA 0 (0%) 3 (1.40%) 4.846 (0.246-95.42, p= 0.403)
AA+AC 14 (6.57%) 29 (13.61%) 1.431 (0.703-2.910, p=0.414)
C allele 148 (91.35%) 220 (87.30%)
A allele 14 (8.64%) 32 (12.69%) 1.538 (0.793-2.981, p=0.261)
STRAG6 rs974456 cc 51 (23.94%) 78 (36.61%)
cT 24 (11.26%) 38 (17.84%) 1.035 (0.556—1.927, p=0.912)
T 6 (2.81%) 10 (4.69%) 1.090 (0.373-3.184, p=0.875)
CT+TT 30 (14.08%) 48 (22.53%) 1.046 (0.587-1.863, p=0.994)
C allele 126 (77.77%) 194 (76.98%)
T allele 36 (22.22%) 58 (23.01%) 1.046 (0.652—1.679, p=0.904)
STRAG6 rs351224 T 23 (10.79%) 40 (18.77%)
AT 42 (19.71%) 56 (26.29%) 0.616 (0.317—1.196, p=0.200)
AA 16 (7.5%) 30 (14.08%) 1.078 (0.487-2.387, p=0.852)
AT+ TT 58 (27.23%) 86 (40.37%) 0.852 (0.462—-1.572, p=0.721)
T allele 88 (54.32%) 136 (53.96%)
A allele 74 (45.67%) 116 (46.03%) 1.014 (0.682—1.507, p=1.000)

the interaction between genetic and environmental

factors.****> Abdominal obesity by itself is an indepen-

dent risk factor for insulin resistance and the development
of type 2 diabetes mellitus.**
Our study found significant higher levels of both insulin

and HOMA IR in the obese group, results concordant to the
study of 173 obese and multi-ethnic adolescents which con-
cluded that gender, pubertal stage, BMI, WC, and body fat
percentage had significant, positive correlations with fasting
insulin and HOMA IR.** Recently, a study on a Romanian
elderly population has also described significant higher levels
of HOMA-IR in the obese group.*®

The direction of the relationship between concentra-
tions of RBP4 blood levels and obesity is still controver-
sial. In the study performed by Li et al on a Chinese
population, BMI and waist to hip ratio (WHR) were posi-
tively correlated with RBP4.'® In cross-sectional study of
98 Indian obese/overweight children higher values of
RBP4 were present in 81% of boys and 56.8% of girls
with a significant difference between genders.”®> Another
study found higher RBP4 blood levels in obese American

adolescents (by 36%) compared with normal weight chil-
dren which positively correlated with HOMA IR, fat mass
and fasting insulin levels.'® Klisic et al demonstrated sig-
nificant correlation between cardiovascular risk score in
Serbian overweight/obese adolescent girls aged 16-19
years and BMI, WC, LDL cholesterol, insulin, HOMA
IR and plasma RBP4. They concluded that a higher cardi-
ovascular risk score positively correlates with RBP4 levels
in this age group.”*

We have not obtained significant correlations of plasma
RBP4 with BMI and WHtR and there were no significant
differences between the two groups regarding RBP4 level.
Similar to our results, another study analyzing the blood
level of RBP4 in American pediatric population found no
differences in obese or overweight vs normal weight
children.?” Korek et al did not observe in adult population
significant correlation between RBP4 and anthropometric
markers, such as body weight, BMI, WHR.?® There are
also contradictory studies which described that RBP4 cor-
related with age, anthropometric parameters and fat mass
percentage.'>***° Friebe et al observed that values of
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RBP4 were increasing with pubertal stage.*® Pubertal sta-
tus was not reported in our study, but we also found
significant correlations between RBP4 and HOMA IR
levels, with RBP4, age and fat mass explaining 42% of
the HOMA IR variability.

Hyperinsulinemia may lead to an increase in triglycerides
levels and subsequently stimulates the synthesis and secretion
of RBP4 from the liver or the ectopic adipose tissue, and there
are studies which proved positive correlations between plasma
RBP4 and elevated triglycerides both in pediatric and adult
population.***4° Kim et al found that the positive association
between RBP4 and triglycerides levels was maintained even
after adjusting for confounding factors such as age and BML.*!
Kwanbunjan et al concluded that RBP4 levels were signifi-
cantly higher among 167 adult subjects with high triglycerides
levels and the associations of RBP4 with hypertriglyceridemia
and insulin resistance may have important implications for the
risk of heart disease and stroke.*> Although we found the
already mentioned significant correlations between RBP4
and HOMA IR, in our sample there was no significant correla-
tion between RBP4 and triglycerides levels, results concordant
with those from Friebe et al on 129 Caucasian children and
adolescents.*® Thiruvengadam et al concluded that RBP4 was
significantly correlated only with LDL levels and CRP (C
reactive protein) levels in children.** To sum up, RBP4 levels
seem to correlate with some markers of metabolic syndrome,
more often with glucose metabolism (as our results showed),
but no definitive conclusion can be drawn from the available
small observational data on different ethnic populations, open-
ing the field for the hypothesis of genetic factors determinism.

Regarding the analysis of the relationship between
SNP and obesity, our results did not confirm significant
association between SNPs rs3758539 and rs10882280 of
the RBP4 and obesity in the studied population. Also, we
did not find any significant association between SNPs and
metabolic factors, except total cholesterol.

In a study analyzing the same SNPs as we did in 180
Caucasian children, Codoner-Franch et al identified
a significant association between the RBP4 rs3758539 and
insulin and HOMA 1R and observed that children carrying
variant allele had higher insulin levels and HOMA IR than
carriers of the wild-type allele.’® They did not find other
significant association of RBP4 rs3758539 with metabolic
risk such as BMI, WHR, triglycerides, HDL-cholesterol and
mean arterial pressure.”® Similarly, Fribe et al did not notice an
association between 53758539 of RBP4 and total cholesterol,
HDL-cholesterol and LDL-cholesterol in
Caucasian children.?® They did confirm significant association

triglycerides,

between the carriers of wild-type allele of RBP4 rs3758539
and the variant allele with BMI, WHR, blood pressure and
insulin sensitivity index.’® Shea et al, in a study of 1836
Canadian population, analyzed five SNPs and concluded that
SNPs 510882280 was significantly associated with HDL cho-
lesterol, without any associations with other parameters of lipid
metabolism.>> Another study on Canadian population found
that the risk allele C of RBP4 153758539 genotype CT had
with  HDL-cholesterol
dyslipidemia.”> Shajarian et al did not find any significant
association between RBP4 153758539 and total cholesterol,
HDL-cholesterol, LDL- cholesterol, triglycerides, glucose,
insulin and HOMA IR.* Minor allele of RBP4 753758539
had an increased effect on BMI from GG to A4 genotype and
from CC to AA genotype for RBP4 rs10882280.** Studies of
two SNPs (1570882283 and rs10882273 of RBP4 gene) were
associated with increased BMI and WHR.* Thus, different
ethnic backgrounds might be a cause of the discrepancies

significant  association and

between our results and literature data.

A previous research that included 571 type 2 diabetes
adult patients and 632 healthy subjects and analyzed
rs974456 of the STRA6 gene concluded that genotype
TT was associated significantly with diabetes; subjects
with CC homozygous genotype have a significantly higher
risk of diabetes than those with variant (77+7C) genotype
in the case of r5974456.>® Nair et al demonstrated that
STRAG rs974456 is also associated with diabetes in Indian
adult population.’” We noticed no association between
rs974456 and rs351224 of the STRAG6 gene and obesity
or overweight in our pediatric population from central part
of Romania, but there was an association between
hypercholesterolemia and wild-type allele of STRAG6
rs351224 gene.

Considering the fact that the previous studies were
performed only on adult population and no data are
available regarding the role of the rs3758539 and
rs10882280 of the RBP4 gene and rs974456 and
rs351224 of the STRA6 gene in children, we may con-
sider the present research a unique and valuable study.
However, there are some study limitations to be taken
into account. The sample size was small, and the control
group included children presenting for consultations for
other mild disorders, which might have had an unknown
influence on the metabolic profile or even RBP4 levels.
A larger study, including subjects at a national level and
using controls from the general population might yield
different results.
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Conclusion

In the current study, we described no correlation between
RBP4 value and components of the anthropometric or
metabolic profile in obese children, but RBP4 levels are
significant predictors for insulin resistance. There is no
association between rs3758539 and rs/0882280 of the
RBP4 and 15974456 and rs351224 for STRAG6 and obesity
in our population. Two of the 4 SNPs analyzed (carrying
variant allele and heterozygote status of 570882280 RBP4
gene and wild-type allele rs351224 of STRAG6 gene) seem
to be associated with hypercholesterolemia, but additional
genetic studies are needed.
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