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Abstract
Objective: Considering the implication of better un-
derstanding of metabolic syndrome (MetS) patho-
physiology in designing proper preventative and man-
agement strategies and the fact that dyslipidemia 
is one of the early and common features of MetS, 
the aim of this study was to investigate the interac-
tion of some lipid regulatory genes polymorphisms 
with obesity in the occurrence of MetS in children.  
 
Methods: In this nested case-control study, 300 fro-
zen samples of normal weight and 300 samples of 
overweight/obese children aged 10-18 years old 
from the CASPIAN III study samples were selected 
randomly. The studied population was classified into 
four groups as follows: Normal weight participants 
with and without MetS and overweight/obese par-
ticipants with and without MetS. Allelic and genotypic 
frequencies of GCKR (rs780094), GCKR(rs1260333), 
MLXIPL(rs3812316) and FADS(rs174547) polymor-
phisms were  determined and compared in the four 
studied groups. Interaction of each studied Sin-
gle Nucleotide Polymorphisms (SNPs) with obes-
ity in the occurrence of MetS was evaluated also.  
 
Results: In this study, 276 normal weight and 252 
overweight/obese children were evaluated. Frequen-
cy of minor alleles of GCKR (rs780094) polymorphism 
in normal weight students with MetS was significantly 

higher than normal weight students without MetS 
(P=0.04), obese students without MetS (P=0.04) 
and obese students with MetS(P=0.03). Frequency 
of cc allele of MLXIPL (rs3812316) polymorphism in 
normal weight students with MetS was significantly 
higher than obese children with MetS (P=0.04). The 
interaction of each studied SNPs with obesity had sig-
nificant effect in the occurrence of MetS (P<0.001).  

Conclusion: In this study, we identified two SNPs 
which possibly are in association with metabolically 
unhealthy normal weight phenotype. The interaction 
of lipid regulatory gene polymorphisms with obesity 
result in the occurrence of MetS, whereas in each 
of the studies SNPs were not associated with MetS. 
Identification of such interactions between modifiers 
like obesity with genetic variants could be helpful in 
development of preventative strategies for reducing 
the increasing trend of MetS in children.
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Introduction

Childhood metabolic syndrome (MetS) with a prevalence 
rate of 3.3%, represents a cluster of risk factors 
including abdominal obesity, impaired glucose tolerance, 
dyslipidemia, and high blood pressure which is associated 
with increased risk of  cardiovascular morbidity and 
mortality(1,2).

MetS is considered a polygenic trait with multifactorial 
etiology. The pathophysiology of the disorder is not yet 
clearly determined. In addition, recent advanced information 
about the mechanisms of its biochemical, physiological 
and genetic components make the understanding of MetS 
etiology more complicated. It is suggested that gene-
gene, gene-environment or epigenetics could explain the 
mechanisms of MetS development in children (3,4).

Different studies worldwide have investigated various 
polymorphisms related to pediatric MetS. Results of a 
recent systematic review reported 60 genes and 125 
polymorphisms related to childhood MetS. Accordingly, 
though there are polymorphisms which are related to 
MetS, but most of the reported SNPs were related to the 
components of MetS, mainly dyslipidemia (5).

There is increasing evidence indicated that the three core 
factors in the development of MetS are insulin resistance, 
inflammation and obesity. Obesity is an independent risk 
factor for cardiovascular disease with a well determined 
association with MetS. Findings of a recent study showed 
that prevalence of MetS was 11.9% and 29.2% in 
overweight and obese children, respectively (1).

It seems that the association between obesity and MetS 
is complicated, because in spite of the fact that MetS is 
more prevalent in obese children there are documents 
which have shown that there is a subgroup of obese 
patients who do not have MetS and conversely there is 
a subgroup of normal weight children with MetS(6,7). 
Presence of such subgroups suggested the possibility of 
interaction of susceptible genes with specific phenotypes 
or environmental factors in the development of MetS in 
children. Few studies have recently demonstrated that 
the impact of some metabolic trait related polymorphisms 
are modified by obesity or express only in the presence of 
obesity (8,9).

Epidemiologic studies indicated the high prevalence rate as 
well as increasing trend of MetS in Iranian children (10,11). 
Thus, considering the implication of better understanding 
of MetS pathophysiology in designing proper preventative 
and management strategies and the fact that dyslipidemia 
is one of the early and common features of MetS, the aim 
of this study was to investigate the interaction of some 
lipid regulatory gene polymorphisms with obesity in the 
occurrence of MetS in children.

Materials and Methods

This study was designed as a nested case-control study 
and as a sub study of the third Childhood and Adolescence 
Surveillance and Prevention of Adult Non-communicable 
disease study (CASPIAN-III). The survey was conducted 
in 27 provinces of Iran during 2009-2010, including 
5,528 schoolchildren aged 10-18 years old. Details and 
methodology of the survey have been described previously 
(12).

The protocol of this sub study was confirmed by the review 
board of Child Growth and Development Research Center 
and the Regional ethics committee of Isfahan University of 
Medical Sciences (research project number 193058)

We randomly selected 300 frozen samples of normal 
weight and 300 samples of overweight/obese children 
from the CASPIAN III study samples.

Weight categories as normal weight and overweight/obese 
were determined using BMI Z-scores defined by the World 
Health Organization (WHO)(13).

Using the recorded anthropometrics and biochemical data 
of the selected CASPIAN III samples, children with and 
without MetS were determined in the normal weight and 
overweight/obese groups.

MetS was defined based on definition of Cook et al. which 
was similar to that reported by ATPIII(14). According to the 
definition the coexistence of at least three of the following 
components was considered as MetS.

1. Waist circumference > 90th percentile
2. Weight, age and sex specific systolic and diastolic blood 
pressure > 90th percentile
3. FBS ≥100 mg/dL
4. Age specific TG > 90th percentile(>=110mg/dl)
5. HDL-C< 10thpercentile(<=40mg/dl)

The studied normal weight and obese/overweight 
population was classified in four groups as follows; Normal 
weight participants with and without MetS and overweight/
obese participants with and without MetS. Allelic and 
genotypic frequencies of GCKR (rs780094), GCKR 
(rs1260333), MLXIPL (rs3812316) and FADS (rs174547) 
polymorphisms were determined and compared in the four 
studied groups.

Interaction of each studied SNPs with obesity in the 
occurrence of MetS was also  evaluated.

Genetic study
DNA was extracted from peripheral blood samples using 
the YATA DNA extraction kit (YATA, Iran) according to the 
manufacturer’s protocol. The GCKR (rs780094), GCKR 
(rs1260333), MLXIPL (rs3812316) and FADS (rs174547) 
polymorphisms were  identified by  NCBI data bank. 
Primers of the four polymorphisms were designed by 
Beacon Designer 8.1(PREMIER Biosoft International, 
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USA) to flank the desired regions. The primers were 
synthesized by Bioneer (S. Korea).

Genotyping was performed by real-time PCR and high-
resolution melt analysis (HRM) assay by a Rotor-Gene 
6000 instrument (Corbett Life Science, Australia).

Using a Type-it HRM kit (Qiagen, Germany) the amplicons 
were generated according to the following program; one 
cycle at 95°C for 15 min; 40 cycles at 95°C for 15 s, 60.0°C 
for 15 s, 72°C for 15 s, one cycle of 95°C for 1 s, 72°C for 
90 s and a melt from 70 to 95°C rising at 0.1°C per s. The 
amplification mixture of a total volume of 25 μL included 
12.5 μL of HRM PCR master mix, 1.75 μL of 10 μM primer 
mix, 2 μL of genomic DNA as a template and 8.25 μL of 
RNase-free water. For each genotype reaction, we included 
sequence-proven major and minor allele homozygote and 
heterozygote controls.

Using the instrument software, the results of HRM were 
analyzed by comparing the melting curve shape between 
studied samples and known controls.

Statistical analysis
Data was analyzed by IBM SPSS/PC statistical software 
version 21. The Hardy-Weinberg equation was tested 
to compare the observed genotype frequencies to the 
expected ones by χ2 analysis. The continuous and 
categorical variables were presented as mean (standard 
deviation) and frequencies (percentage), respectively. 
The Chi-square and T-test were used to compare the 
categorical and continuous variables, respectively.

The association between each studied SNP and MetS and 
their interaction with obesity on the occurrence of MetS 
was analyzed using binary logistic analysis.

P value of less than 0.05 was considered as statistically 
significant.

Results

In this study, from initially selected cases, 528[276(52.3%) 
normal weight and 252(47.7%) overweight/obese] children 
were evaluated. Mean (SD) age of studied children was 
15.01(2.21) years.

From the studied population 114 students had MetS. From 
students with metabolic syndrome 149, 130, 135, 75, 36 
and 3 students had 0, 1, 2, 3, 4 and five components of 
MetS. General characteristics and lifestyle related risk 
factors of children with and without MetS are presented in 
Table 1. Lifestyle related risk factors including prolonged 
screen time and low physical activity were not significantly 
different between children with and without MetS(P>0.05). 
Familial history of Non communicable diseases was 
significantly higher in children with MetS than those without 
(P=0.009 X2=5.91).

Distribution of the genotypes and allele frequencies 
in children with and without metabolic syndrome are 
presented in Figure 1. Prevalence of minor alleles of FADS 
(rs174547) [tc and cc] were significantly higher in children 
with MetS than those without(P=0.04,X2=3.41).

Using logistic regression analysis, there was not any 
significant association between studied SNPs and 
MetS(P>0.05).

Prevalence of MetS in normal weight and overweight/
obese children was 7.25 %( 20/276) and 37.30 %( 94/252), 
respectively (P<0.001, X2=70.28).

General characteristics and lifestyle related cardiovascular 
risk factors of normal weight and overweight/obese children 
with and without MetS are presented in Table 2. Familial 
history of non-communicable diseases was significantly 
higher in obese children with and without MetS than 
normal weight children without MetS(P<0.05). Lifestyle 
related risk factors were not significantly different between 
the four studied groups (P>0.05).

The distribution of the studied SNPs genotypes and 
allele frequencies in normal weight and overweight/obese 
children with and without MetS are presented in Table 3. 
Frequency of the different alleles of studied SNPs were 
not significantly different between the four studied groups 
(P>0.05).

Results of Pair wise comparisons of the genotype and 
allele frequency in the four studied groups were as 
follows: Frequency of minor alleles of GCKR (rs780094) 
polymorphism in normal weight students with MetS 
was significantly higher than normal weight students 
without MetS(P=0.04,X2=3.70), obese students without 
MetS (P=0.04,X2=3.82) and obese students with 
MetS(P=0.03,X2=4.15).

Frequency of cc allele (major allele) of MLXIPL (rs3812316) 
polymorphism in normal weight students with MetS was 
significantly higher than obese children with MetS (P=0.04, 
X2=3.37).

Results of binary logistic analysis regarding the interaction 
of studied SNPs with obesity in the occurrence of MetS are 
presented in Table 4. The interaction of each studied SNPs 
with obesity had a significant effect in the occurrence of 
MetS(P<0.001).
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Table 1.Characteristics of children with and without metabolic syndrome (MetS)

*Mean (SD)

Figure 1: Distribution of the GCKR(rs780094), GCKR(rs1260333), MLXIPL(rs3812316) and  FADS(rs174547) allele 
frequencies in children with and without metabolic syndrome(MetS)
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Table 2: General characteristics and lifestyle related cardiovascular risk factors of 
normal weight and overweight/obese children with and without metabolic syndrome 
(MetS)

*Mean(SD)
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Table 3: The distribution [n(%)] of the four studied SNPs genotypes and allele frequencies in the normal weight 
and overweight/obese children with and without metabolic syndrome (MetS)

Table 4: Interaction between lipid regulatory genes polymorphisms and obesity in the occurrence of metabolic 
syndrome in children: the CASPIAN- III study

* The interaction of the single nucleotide polymorphism loci and obesity
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Discussion

In this study we investigated the interaction of four lipid 
regulatory genes polymorphism with obesity in the 
occurrence of childhood MetS. Our results indicated that 
the frequency of studied SNPs and their alleles was not 
different in children with and without MetS except for 
minor alleles of FADS. Frequency of the different alleles 
of studied SNPs was not significantly different between 
normal weight and obese children with and without MetS. 
But the interaction of the studied SNPs with obesity had 
significant impact in the occurrence of MetS.

In this study we selected four SNPs from three lipid 
regulatory genes of FADs, GCKR and MLXIPIL. The 
following reasons could justify our selection. First we 
selected lipid regulatory genes polymorphisms due to the 
fact that dyslipidemia is one of the initial features of metabolic 
abnormality in MetS and previous studies reported that 
dyslipidemia is the most common component of childhood 
MetS in Iranian children (11,15). Second, based on our 
systematic review on polymorphisms related to MetS in 
children, except for GCKR (rs780094) which association 
with MetS has been reported previously, reminder SNPs 
have not been investigated in children yet(5) .

In this study prevalence of MetS in normal weight and 
obese children was 7.25 and 37.30 %, respectively. 
Prevalence of MetS was nearly 5 times higher in obese 
than non obese children, which was similar to the results 
of previous research in this field (1).

Comparison of the studied four SNPs between children 
with and without MetS in the current study indicated that 
only minor alleles of FADS1 (rs174547) were significantly 
higher in children with MetS, but logistic regression 
analysis did not show any significant association between 
the polymorphisms and MetS.

FADS1 gene encodes the delta-5-desaturase enzyme 
which regulates unsaturation of fatty acids (16). Based 
on GWAS polymorphisms of FADS gene cluster have 
significant impact on lipid levels and glucose homeostasis. 
The association of FADS (rs174547) polymorphism with 
polygenic dyslipidemia and level of LDL-C, HDL-C and 
triglyceride have been reported in previous studies (17-19). 
Lack of association between MetS and FADS (rs174547) 
may be due to the fact that the SNP is simply associated 
with lipid levels and not MetS. In our systematic review 
we did not find any report regarding the association of 
the polymorphism with MetS. It seems that other additive 
environmental or modifiers in subjects with the minor allele 
of FADS (rs174547) could increase the susceptibility of 
MetS occurrence in children.
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The frequencies of studied polymorphisms in our study 
were not different between the four groups of normal 
weight and obese children with and without MetS. 
Pairwise comparison indicated that normal weight children 
with MetS which could also be defined as metabolically 
unhealthy normal weight had a higher level of major allele 
(cc) of MLXIPL (rs3812316) than obese children with MetS. 
The finding could be explained by that there is a possible 
association between the polymorphism and the phenotype 
which should be investigated in future studies.

MLXIPL gene regulates glycolysis and lipogenesis in 
liver(20). GWAS reports indicated that the minor allele 
of MLXIPL  functional variant, rs3812316, is strongly 
associated with lower triglyceride level(21). The association 
was reported for both Asian and European populations, 
but there are also studies which did not show such an 
association(22-24). A recent study in Slovakia indicated 
that cc allele is associated with higher relative risk of 
hypertriglyceridemia(25). Another study among children 
demonstrated protective function of minor alleles of the 
SNPs for triglyceride(26).

Another finding of pair wise comparison was the significantly 
higher frequency of minor alleles of GCKR (rs780094) 
polymorphism in normal weight students with MetS than 
normal weight students without MetS, obese students 
without MetS and obese students with MetS.

These findings also could suggest the association of the 
polymorphism with normal weight metabolically unhealthy 
phenotype, which should be evaluated in future research.

GCKR gene regulates the glucose homeostasis. 
Associations of different GCKR SNPs with triglyceride, 
insulin resistance and MetS have been reported by 
GWAS(27-29). Previous reports demonstrated the role 
of GCKR rs780094 polymorphism in dyslipidemia, high 
triglyceride level and impaired fasting glucose (30-32). 
In a study, in Taiwan the association between GCKR 
rs780094 and MetS and HDl-C has been reported among 
adolescents (33).

Findings of Yaghootkar et al. could confirm our suggestion 
regarding the association of GCKR rs780094 with 
metabolically unhealthy normal weight phenotype. They 
investigated genetic evidence for the phenotype linking to 
metabolic abnormalities including insulin resistance, type 
2 diabetes, and hypertension and coronary artery disease. 
They identified 11 variants and GCKR was one of the 
identified variants (34).

In current research, there were not any significant 
differences in the frequency of different alleles of GCKR 
rs1260333 polymorphism between the four studied 
groups.

Previous studies have shown the association between 
GCKR rs1260333 and lipid levels, triglyceride, insulin 
resistance and metabolic syndrome (35,36). But results of 
a study in a pediatric population have demonstrated that 
though this SNP was associated with hypertriglyceridemia 
in children, the triglyceride increasing allele has protective 

effect for insulin resistance (37). Our results in this study 
could be explained by the findings of above mentioned 
study.

In this study interaction of each studied polymorphism with 
obesity had significant association with the occurrence of 
MetS in children. This finding supports the hypothesis that 
interaction of lipid regulatory polymorphism with obesity 
may increase the susceptibility of occurrence of MetS in 
children and confirmed the modulator role of obesity in this 
field.

It is well established that genetic changes in DNA sequence 
could not solely describe the phenotypic changes and 
development of MetS and various gene environmental 
interactions have an important role in this field. On the 
other hand, the underlying mechanisms linking obesity to 
MetS are not determined yet and possibly it has complex 
pathways. There are limited studies in the field of interaction 
of obesity with genetic polymorphisms in the development 
of MetS. There is some evidence related to adipokines 
and adipose tissue. According to their suggestion obesity 
possibly could modify the impact of some genes related to 
MetS(8,9).

The implication of our findings was that gene-phenotype 
interactions modulate the risk for MetS in children. By 
identifying such interactions, the genetic susceptibility 
to MetS can be substantially reduced by appropriate 
management of childhood obesity.

Limitation of the current study was the small sample size of 
children with Mets, especially in the group of normal weight 
children with MetS. Though the sample size was small, they 
were selected from a nationwide sample and they were a 
representative sample of the Iranian population.

Strength of our research was its novelty. Another superiority 
of this study was that we investigated the interaction of lipid 
gene polymorphisms with obesity on MetS in the pediatric 
age group. It is well documented that evaluation of such 
associations in children is less likely to have confounding 
effects due to the fact that   gene-environment, gene-
phenotype and gene-gene interactions occur over time.

Conclusion

Based on the results of this study, we identified two SNPs 
which possibly are in association with metabolically 
unhealthy normal weight phenotype. However the 
association should be investigated in future studies. We 
also indicated that the interaction of lipid regulatory genes 
polymorphisms with obesity result in the occurrence of 
MetS, whereas in each of the studies SNPs were not 
associated with MetS.

Identification of such interactions between modifiers like 
obesity with genetic variants could be helpful in development 
of preventative strategies for reducing the increasing trend 
of MetS in children as well as classification of high risk 
pediatric population for MetS based on their genetic and 
anthropometric characteristics.
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