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Abstract
Context: Metabolic syndrome (MetS) is defined as clustering of risk factors including obesity, dyslipidemia, hyperglycemia, and
hypertension, which is associated with increased risk of cardiovascular disease (CVD) and Type 2 diabetes mellitus (T2DM).
Objectives: The present study aimed at reviewing all reported single-nucleotide polymorphisms (SNPs) related to childhood
metabolic syndrome (MetS).
Data Sources: In this review, an electronic literature search was conducted in PubMed and Huge Navigator database. For the HuGE
Navigator search, we used the “metabolic syndrome” search term. For the PubMed search, we used “metabolic syndrome”, “child”,
“adolescents”, “pediatrics”, “genes”, and “polymorphism”, without any restriction for time and language.
Study Selection: Human studies with cross-sectional or case-control designs, which contained MetS as outcome and recruited participants younger than 21 years, were included. All definitions of pediatrics MetS were acceptable.
Data Extraction: This study was designed as systematic review without meta-analysis in accordance with the preferred reporting
item for systematic reviews meta-analysis (PRISMA) statement recommendation. After excluding duplicated and irrelevant studies,
data extraction and quality control were conducted by 2 researchers using STROBE checklist.
Results: In this review, during primary literature search, 219 and 1025 articles were identified through PubMed and HuGE navigator
database, respectively. During 2 refining steps and after quality assessment, 38 qualified articles were evaluated at the final step.
According to the whole data of systematic review results, the number of total population and points of data were 14 536. Number
of studied genes and related SNP were 60 and 125, respectively. SNPs of the following genes were associated with MetS: GCK, HNFAα,
SHBG, PON1, adiponectin, obesity related genes (FTO, MC4R, GNPDA2, BDNF, FAIM2, NPC1, SEC16B, SH2B1, PCSK1, KCTD15, and BAT2),
PAI, AT1R, and SR-BI. SNPs of the following genes were associated with component of MetS: GCK, ACE, ABCA1, SREBP-1, miR-33b, PAI,
IL6R, IL18, TCF7L2, ADRB2, and TNFα. SNPs of the following genes did not have any association with MetS or its components: CRP,
APOA5, PPARγ , PGC-1γ , Tfam.
Conclusions: The findings of this review revealed that most reported SNPs are related to lipid disorders mainly triglyceride and HDL
and insulin resistance. It is suggested that combination effect of most of the reported SNPs or their interaction with environmental
factors would be more effective for development of MetS in children.
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1. Context
Metabolic syndrome (MetS) is defined as clustering
of risk factors including obesity, dyslipidemia, hyperglycemia, and hypertension, which is associated with increased risk of cardiovascular disease (CVD) and Type 2 diabetes mellitus (T2DM)) (1). Although MetS was primarily
defined as an adult disorder, evidences indicated that during the last decades it has reached to epidemic proportions
worldwide in the pediatric population (2, 3).

Prevalence of MetS in children and adolescents has
been reported to be 3.3%, ranging from 0% to 19.2% in different populations (4).
The current understanding of MetS indicated that it is
a polygenic disease, which could be influenced by different environmental factors. Interactions between different
environmental factors and inherited single specific risk alleles may result in development of MetS (5). On the other
hand, recent studies indicated that additive effect of differ-
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ent risk alleles related to the component of MetS could be
more effective in the development of MetS (6).
Previous studies demonstrated that MetS could be heritable in 10% to 30% of the cases (7). In addition, evidences
showed the early life origin of MetS (8).
Several SNPs underlying MetS development in pediatric population have been reported, but the results are
inconsistent (9-15) (16-25) (26-36) (37-46). There is not any
comprehensive report about different reported risk alleles of MetS in children and adolescents. It is suggested
that providing an overview from the available evidences of
MetS related SNPs could be helpful in understanding the
genomics of MetS and that integrations of both clinical
and biological information would help us in better management of the disorder and implementation of genetic
base treatment.
2. Objectives
This review aimed at reviewing all reported SNPs related to childhood MetS. Our findings provide us with
baseline information for future genetic studies as well as
current information for planning more effective management plans for this group of population, which consequently could decrease the burden of the disease and its
related long- term consequences.
3. Data Sources
This study was designed as a systematic review without
meta-analysis in accordance with the preferred reporting
item for systematic reviews meta-analysis (PRISMA) statement recommendation for reviewing all reported SNPs related to childhood MetS.
In this review, an electronic literature search was conducted in PubMed and HuGE Navigator database.
The results of population-based epidemiologic studies
of human genes since 2001 were extracted from PubMed
and HuGE navigator database. Evidences indicated that
HuGE Navigator has similar sensitivity but more specificity
than PubMed database (47).
Considering that this database retrieved published papers since 2001, we conducted an additional search from
PubMed central for all studies published up to April 2016
without any restriction for time and language.
For the HuGE Navigator search, we used the “metabolic
syndrome” search term.
For the PubMed search, we used “metabolic syndrome”, “child”, “adolescents”, “pediatrics”, “genes”,
and “polymorphism” terms and the following strategy:
[“metabolic syndrome”AND “child” OR “adolescents” OR
“pediatrics” AND “genes” OR “polymorphism”].
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The latest search was conducted on April 5th, 2016.
Human studies with cross-sectional or case-control designs, which contained MetS as outcome and recruited participants younger than 21 years, were included in the review. All definitions of pediatrics MetS were acceptable.
4. Study Selection and Data Extraction
First step selection was based on title and abstracts. A
list of studies was performed accordingly. The full text of
the studies were provided and reviewed based on inclusion
and exclusion criteria for eligibility. After excluding duplicated studies, the full texts of articles were carefully studied by 2 researchers. The related articles were selected and
the irrelevant ones were excluded. Quality of the studies
was evaluated by the 2 researchers independently based on
the characteristics of the studies and strengthening the reporting of observational studies in epidemiology (STROBE)
checklist. Disagreements were resolved by consensus and
mutual discussion.
For each finally included article, the following information was extracted: authors, place of the study and/or ethnicity, year of publication, sample size, study design, studied genes and SNPs, and outcome of the study.
5. Results
In this review during primary literature search, 219 and
1025 articles were identified through PubMed and HuGE
Navigators databases, respectively (Figure 1).
After checking abstracts and titles, 49 articles from
PubMed and 35 articles from HuGE Navigator databases
were selected.
During 2 refining steps and after removing duplicates,
42 articles related to the study domain were selected. After quality assessment, 40 studies were selected for text appraisal, of which 38 qualified articles were evaluated at the
final step (Figure 1). From finally included papers, 20 were
conducted on healthy population (9-28), and 18 on obese
children (29-46).
From reported studies, 19 (50%) had a cross- sectional
design, 18 (47.36%) were case- control studies, and 1 (2.64%)
was a prospective study. The age range of the studied population was 2 to 20 years. Table 1 displays the details of the
38 included studies.
According to the whole data of systematic review results, the number of total population and points of data
was 14,536 (8,815 related to healthy population and 5,721
to obese children). Numbers of studied genes and related
SNP were 60 (35 in healthy population and 25 in obese children) and 125 (69 in healthy population and 56 in obese
children), respectively.
J Pediatr Rev. 2018; 6(1):e10536.
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Articles identified through electronic database search (n = 1244)
(PubMed = 2 1.9 and HuGE navigators database = 1025)

Articles screened by title and abstract
Excluded non-relevant articles
(PubMed = 70 and HuGE navigators database = 990)
Finally selected articles by title and abstract
(PubMed = 49 and HuGE navigators database = 35)
Removed duplicates articles (n = z7)

Retrieved full text articles which assessed for eligibility
Excluded full texts (n = 4)

(n = 42)

Studies included in the review (n = 38)

Figure 1. Flowchart of Study Selection

From studied SNPs in healthy population, 11 SNPs were
associated with occurrence of MetS and 15 with different
component of MetS. SNPs of the following genes were associated with MetS: GCK, HNFAα, SHBG, PON1, adiponectin,
and obesity related genes (FTO, MC4R, GNPDA2, BDNF,
FAIM2, NPC1, SEC16B, SH2B1, PCSK1, KCTD15, BAT2), PAI, AT1R,
and SR-BI (9, 12-15, 20, 21, 26, 27).
SNPs of the following genes were associated with component of MetS: GCK, ACE, ABCA1, SREBP-1, miR-33b, PAI,
IL6R, IL18, TCF7L2, ADRB2, and TNFα (9, 10, 17, 20, 22, 23, 25,
27, 28).
SNPs of the following genes did not have any association with MetS or its components: CRP, APOA5, PPARγ , PGC1γ , and Tfam (11, 16, 18, 24).
From studied SNPs in obese children, 11 SNPs were associated with occurrence of MetS and 14 with different
component of MetS. SNPs of the following genes were associated with MetS: PNPLA3, APO-A5, NPY, ADRB3, eNOS,
and obesity related genes (TMEM18, SH2B1, KCTD15, PCSK1,
BDNF, SEC16B, MC4R, and FTO), ENPP-1, PLIN, and INSVNTR
(29, 31, 33-35, 37, 42, 44, 46).
SNPs of the following genes were associated with component of MetS: IL18, NPY, GHR, ACE, FABP4, ENPP-1, and
PLIN (30, 33, 40).
SNPs of the following genes did not have any association with MetS or its components: IL6, IL6R, leptinJ Pediatr Rev. 2018; 6(1):e10536.

melanin, leptin, and TNFα (32, 36, 39, 43, 45).
6. Discussion
In this study, we reviewed all studies that evaluated
the association between different SNPs of various genes
with MetS among pediatric population. Our findings indicated that the frequency of the SNPs associated with different component of MetS were higher than those associated
with Mets. In healthy population, most of the SNPs associated with MetS component are mainly related to the lipid
metabolism, specially triglyceride and HDL (9, 16-18, 20, 22,
25), but in obese children most of SNPs were related to insulin resistance and lipid metabolism (30, 33, 40-42).
We did not find any review study in this field in literature review. Povel et al. have reported their findings
from a systematic review and meta-analysis on adult population. They indicated that from 88 studies, which studied 25 genes, minor allele of FTO, TCF7L2, APOA5, APOC3,
IL6 genes were more prevalent in MetS cases and a minor
allele of CETP gene was less prevalent in participants with
MetS. They concluded that lipid metabolism is considered
as the most important component in the development of
MetS (48).
In current review, most of the evaluated SNPs in
healthy population were in association with lipids com3
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ponent of MetS, and insulin resistance and lipid disorders
were the main associated components in obese children.
Some previous studies also indicated that the lipid genes
and their metabolism pathway have a key role in the genetic background of MetS (49, 50). Kristiansson et al. conducted a genome-wide association (GWA) study to investigate the association between different identified susceptible loci for MetS with its component traits in 4 Finish cohort populations, with 2637 cases of MetS and 7927 control
population. They indicated that susceptibility to MetS is
commonly associated with genes and loci related to dyslipidemia and abdominal obesity. The most common related loci were lipid locus APOA1/C3/A4/A5 gene cluster region on Chromosome 11 (49).
In 2 studies, 1 conducted on healthy population and 1
on obese children, the association between obesity related
SNPs with MetS was investigated (19, 37). The results of
Zhao et al. study in China on healthy pediatric population
revealed that from the studied 11 genes and their related
11SNPs, there were nominal associations between variants
of GNPDA, BDNF, and FAIM2 gens with risk of MetS in children. They indicated that combination effect of studied
SNPs was more significant in this field (19).
Dusatkova et al. in Czech Republic studied the association between 11 variants of 8 obesity related gens in obese
children with MetS. They found that from the studied variants, rs925946 from BDNF gene and the 2 studied variants
from MC4R gene were associated with MetS (37).
Considering the findings, it is suggested that combination effect of different obesity related SNPs would result in
occurrence of MetS, or as mentioned by Aguilera et al. in
Spain, the interaction between obesity related variants and
environmental or lifestyle related factors results in development of MetS in children (5).
In the current review, 1 SNP has a protective effect for
the occurrence of MetS in children. Alavi-shahri et al. in
Iran demonstrated that the AT1R/A1166C polymorphism of
AT1R gene have a protective effect on occurrence of MetS in
adolescents (24).
Deram et al. in Brazil indicated that the PLIN6 14995A–
> T was associated with better weight loss in obese children with MetS (44).
Another finding of our review was that some SNPs from
specific genes did not have the same effect in obese and
normal weight children.
Although some SNPs from inflammatory factors gens
were associated with some component of MetS, none of
them had any association with the development of MetS in
children (11, 22, 23, 28, 30, 43, 45).
The implications of this review are that we can use
the data of current review to design more epidemiological
as well as interventional studies in the field of childhood
4

Mets. Our data can be used for future epigenetic studies.
This review had some limitations. The number of studies included in this review was not large enough and there
were not SNPs to perform meta-analysis.
The strength of this review was that no similar study
has been conducted in this field on pediatrics population.

7. Conclusions
The findings of this review revealed that most reported
SNPs related to MetS in children are associated with its
components than with MetS. Most of the reported loci are
related to lipid disorders, mainly triglyceride and HDL and
insulin resistance. Furthermore, the polymorphisms were
not similar in obese and non-obese children.
Combination effect of most of the reported SNPs or
their interaction with environmental factors is more effective in developing MetS in children. Thus, it is highly recommended to conduct more studies to evaluate the interaction of different SNPs related to the components of MetS
or interaction of SNPs-phenotype (such as obesity) in the
occurrence of MetS.
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Table 1. Details of Studied Evaluated the Association of Different Single-Nucleotide Polymorphisms(SNPs) with Development of Metabolic Syndrome in Children and Adolescents

Population

Gene

Polymorphism

Outcome

1

Chang et al. (9) 2016
(Taiwan)

The association
between Glucokinase
Regulator Genetic
Variant and Metabolic
Syndrome among
Taiwanese adolescents
was investigated.

962 adolescents
(468male and 494
female)

Glucokinase Regulator

rs780094

The rs780094 variants
of GCKR gene were
significantly
associated with Met s
and level of HDL-C.

2

Kim et al. (10) 2015
(Korea)

The interaction of
angiotensinconverting enzyme I/D
and α-actinin-3 R577X
in the occurrence of
MetS.

788 elementary school
children (mean age
10.10 ± 0.07 y).

ACTN3 and ACE gene

ACE I/D or the ACTN3
R577X polymorphisms

The children having
both ACE I/D or the
ACTN3 R577X
polymorphisms and
ACE DD genotype had
high systolic blood
pressure and low
blood HDL cholesterol
level.

3

Nikpour et al. (11) 2015
(Iran)

The association
between rs3091244
variant of the
C-reactive protein
(CRP) gene and MetS in
Iranian children and
adolescents was
determined

100 children with MetS
and 100 normal
children aged 9-19
years

CRP

rs3091244 variant

The polymorphism is
not associated with
increased risk of MetS
among Iranian
children and
adolescents

4

Mangge et al. (29) 2015
(Austria)

The effect of
patatin-like
phospholipase 3
(PNPLA3) rs738409
(Ile148Met, C > G) gene
polymorphism on
overweight/obese
adolescents with and
without metabolic
syndrome (MetS) was
evaluated.

288 overweight/obese
and 209 normal
weight participants of
the STYJOBS/EDECTA
cohort were analyzed
for PNPLA3 genotypes

Patatin-like
phospholipase 3
(PNPLA3)

rs738409 (Ile148Met, C
> G) gene

MetS & O Presence of
the G allele (148Met)
was significantly
higher in
overweight/obese
adolescents with MetS
than those without.
adolescents with
homozygote G allele
had increased level of
ALT.They
recommended that
overweight/obese
adolescents with
rs738409
polymorphism should
be educated for
lifestyle modification

5

Marcil et al. (12) 2015
(Canada)

The relationship
between HNF4A
genetic variants of
Hepatocyte nuclear
factor 4 alpha
(HNF4α) gene with
MetS and its
components was
investigated.

1,749
French-Canadians
aged 9, 13 and 16 years
evaluated for HNF4α
gene polymorphism

Hepatocyte nuclear
factor 4 alpha
(HNF4α) gene

rs6130608-rs2425637;
rs736824; rs736824 rs745975 - rs3212183

There was significant
association between
HNF4α genetic
variants and MetS
among pediatrics
population. According
to their suggestion
HNF4α could be used
as an early marker for
the risk of developing
of type 2 diabetes
mellitus.

6

White et al. (13) 2015
(Turkey)

The association
between sex hormone
binding globulin
(SHBG) gene
polymorphism
(rs1799941) with
metabolic syndrome
in children and
adolescents

360 schoolchildren
with MetS from
Turkish pediatric
cohort (37 cases, 323
controls)

sex hormone binding
globulin (SHBG)

rs1799941

There was significant
association between
rs1799941, located in
SHBG, and MetS
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8

7

Alegria-Torres (14) et al.
2015 (Mexico)

During this study, DNA
samples of studied
children were
genotyped for Q192R
polymorphism of the
PON1 gene.

117 children aged 6 - 12
years

paraoxonase 1 gene
(PON1)

rs662

They indicated that
PON1 Q192R
polymorphism
considered as a risk
factor for the
development of
metabolic syndrome
in children.

8

Li et al. (15) 2015
(China)

The association
between
polymorphisms of
adiponectin gene and
MetS and
cardiovascular disease
risk factors was
investigated

919 healthy middle
school students aged 11
- 16 years studied in a
cross sectional study.

Adiponectin gene

(SNPs) rs266729
(-11377C/G), rs2241766
(+45T/G) and rs1501299
(+276G/T)

There was significant
association between
the polymorphisms of
Adiponectin gene and
MetS.

9

Gamboa-Melendez et
al. (16) 2015 (Mexico)

The role of R230C
variant of the ABCA1
gene in occurrence of
MetS and other
metabolic traits was
evaluated.

432 schoolchildren
aged 6 - 13 y

ABCA1 gene

R230C

The R230C variant of
the ABCA1 gene was not
associated with MetS
but with some of its
components including
HDL-cholesterol and
triglyceride

10

Suazo et al. (30) 2014
(Chile)

The association
between different
varients of L6, IL6R and
IL18 genes and
occurrence of MetS
and its components
was evaluated.

259 obese
children(BMI > 26 ±
4.1 kg/m2 ) aged 8 - 12 y

L6, IL6R and IL18

of IL6 (rs1800795,
rs1800796 and
rs1800797), IL6R
(rs2228145) and IL18
(rs360719, rs187238 and
rs204355)

There was not any
significant association
between ILˆ and IL6R
gene polymorphisms
and MetS and its
components. There
was significant
correlation between
IL18 haplotypes and
components of MetS
including triglycerides
and HDL.

11

Nikpour et al. (17) 2014
(Iran)

The association
between rs8066560
variant in the sterol
regulatory
element-binding
protein 1 (SREBP-1) and
miR-33b genes with
insulin resistance

200 participants aged
9 - 19 y (100 with MetS
and 100 healthy
controls)

SREBP-1 and miR-33b
genes

rs8066560

There was not any
significant association
between rs8066560
polymorphism and
MetS, hyperglycemia,
and insulin resistance
in studied population.
They found a
significant association
between rs8066560
polymorphism and
LDL-C levels in
adolescents.

12

Fatemi et al. (18) 2014
(Iran)

100 children and
adoelsenctes in a case
control study
comprised 50 cases of
MetS and 50 controls

Apolipoprotein APOA5
Gene

-1131T > C
polymorphism.

There was not any
association between
-131T > C
polymorphism of the
APOA5 gene and
triglyceride levels and
MetS in children and
adolescents.

13

Zhao et al. (19) 2014
(China)

431 children with MetS
and 3046 controls

FTO, MC4R, GNPDA2,
BDNF, FAIM2, NPC1,
SEC16B, SH2B1, PCSK1,
KCTD15, BAT2

rs9939609 (FTO),
rs17782313 (MC4R),
rs10938397 (GNPDA2),
rs6265(BDNF), FAIM2
rs7138803,
rs1805081(NPC1),
rs10913469 (SEC16B),
rs4788102(SH2B1),
rs6235 (PCSK1), rs29941
(KCTD15), s2844479
(BAT2)

They demonstrated a
nominal associations
between variants of
GNPDA, BDNF and
FAIM2 with risk of
MetS in children. They
indicated that
combination effect of
studied SNPs were
more significant in
this field.

The association
between obesity
related
polymorphisms with
MetS in children was
investigated.
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14

Zaki et al. (31) 2014
(Egypt)

The association
between a variant of
Apolipoprotein A5
gene with
development of MetS
among obese
adolescents was
investigated.

150 obese adolescents
with MetS and 204
healthy normal weight
adolescents aged 17 -2
0 years old

Apolipoprotein A5

T-1131C

Presence of the studied
polymorphism of
Apolipoprotein A5
gene is considered as a
risk factor for
occurrence of MetS in
obese adolescents.

15

Suazo et al. (32) 2013
(Chile)

The association
between common
genetic variants of
leptin-melanocortin
pathway genes
including LEP, LEPR,
POMC, MC3R and
MC4R with
components of the MS
in obese children was
investigated.

259 obese children
aged 6 - 12 y

(LEP, LEPR, POMC,
MC3R and MC4R)

-

There was not any
association between
genetic variants of
leptin-melanocortin
genes and MS
components.

16

Olza et al. (33) 2013
(Spain)

The association
between four SNPs of
Neuropeptide Y (NPY)
gene with different
components of MetS,
anthropometric
measurements,
adipokines,
inflammatory and CVD
risk biomarkers and
clinical and other
metabolic markers
was investigated.

In a case-control study,
292 obese children and
242 normal weight
children aged 5 - 15 y

Neuropeptide Y (NPY)
gene

rs16131, rs16178 or
rs16135, rs16147.

The association
between rs16147 with
insulin resistance,
triacylglycerols, leptin,
and HDL-c was
confirmed. The
association between
rs16131 with obesity
early onset of MetS and
its component
specially
triacylglycerols was
determined for the
first time.

17

Oguri et al. (34) 2013
(Japan)

The impact of three
polymorphisms of the
beta3-adrenergic
receptor gene with
Visceral fat
accumulation and
metabolic syndrome
in children was
investigated.

132 children aged 6 - 12
y (73 obese and 59 non
obese)

Beta3-adrenergic
receptor (ADRB3) gene

Trp64Arg; Trp64Trp;
Arg64Arg

There was significant
association between
Trp64Arg
polymorphism of
ADRB3 gene and
visceral fat
accumulation and
MetS in Japanese
children

18

Miranda et al. (35) 2013
(Brazil

The distribution of
eNOS gene
polymorphism was
compared in three
groups of children and
adolescents (normal,
obese and those with
Mets)

242 children in three
control (108), obese
(64) and MetS (70)
groups

Endothelial nitric
oxide (eNOS)

rs 2070744,
27-bprepeat, rs 1799983

In obese children and
adolescents there was
a significant
association between
the CC genotype for
the T (786)C
polymorphism of
eNOS gene and MetS.

19

De la Cruz-Mosso et al.
(20) 2012 (Mexico)

The association
between two SNPs of
Plasminogen activator
inhibitor-1 gene with
MetS was determined.

100 children aged 6-11
years in two groups of
with and without MetS

Plasminogen activator
inhibitor-1 (PAI-1)

-844 G/A PAI-1 , HindIII
C/G PAI-1

There was significant
association between
-844 G/A PAI-1 and
obesity, dyslipidemia
and development of
Mets in children. There
was significant
association between
HindIII C/G PAI-1 and
high level of
cholesterol in Mexican
children.

20

Komşu-Ornek et al.
(36) 2012 (Turkey)

The association
between Gln223Arg
polymorphism of
Leptin receptor gene
and serum insulin and
lipid levels in two
group of obese and
non obese children
was investigated.

92 obese (23with MetS)
and 99 lean children
aged 5 - 15 y

Leptin receptor gene

Gln223Arg

There was not any
significant association
between Gln223Arg
polymorphism and
serum insulin and
lipid levels in studied
groups of children.
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21

Juarez-Meavepena et
al. (21) 2012 (Mexico)

The association
between a
polymorphism of
scavenger receptor
class B type I gene with
Mets and HDL was
evaluated.

39 children and
adolescents with MetS
and 65 controls aged 6
- 17 y

scavenger receptor
class B type I (SR-BI)
[HDL]

The Srb1 + 1050C– > T
(rs5888)
single-nucleotide
polymorphisms

Association between
the studied
polymorphism and
MetS was determined
but in T carriers there
was not any
association with HDL.

22

Hsieh et al. (23) 2012
(Taiwan)

Frequencies and
impact of the IL-6R
48892 polymorphism
in MetS of adolescents
were evaluated

925 adolescents (451
boys and 474 girls)

IL6 receptor gene

48892 A/C

The 48892 A/C
polymorphism of IL6
receptor gene was
associated with high
triglyceride
(significantly in boys)
and waist
circumference and low
HDL-C levels
(significantly in girls)
in adolescents. The
association had
different features in
boys and girls.

23

Dusatkova et al. (37)
2013 (Czech Republic)

Association of some
obesity susceptibility
gene variants with
MetS was evaluated.

1,443 adolescents aged
13.0-17.9 years in two
groups of
undwerweight/normal
weight and
overweight/obese

TMEM18, SH2B1,
KCTD15, PCSK1, BDNF,
SEC16B, MC4R, and FTO

rs7561317 (TMEM18),
rs7498665 (SH2B1),
rs29941 (KCTD15),
rs6232 and rs6235
(PCSK1), rs925946 and
rs4923461 (BDNF),
rs10913469 (SEC16B),
rs12970134 and
rs17782313 (MC4R),
rs9939609 (FTO)

From studied variants,
rs925946 from BDNF
gene and the two
studied variants from
MC4R gene were
associated with MetS.

24

Gao et al. (38) 2011
(China)

The association
between d3-GHR
polymorphism of
growth hormone
receptor gene with
metabolic parameters
and BMI of obese
children was
investigated.

409 overweight/obese
and 206 normal
weight children

Growth hormone
receptor gene

d3-GHR

The studied poly
morphism had
protective effect on
BMI,insulin resistance
and serujm cholesterol
level of
obese/overweight
children

25

Smart et al. (23) 2011
(Greece)

The association
between five
polymorphisms of IL
18 gene with insulin
levels, insulin
resistance and
postprandial measures
was evaluated.

882 children and
adolescents from the
Gene e Diet Attica
Investigation on
childhood obesity
(GENDAI) study

IL18 gene

rs1946519, rs2043055,
rs549908, rs360729,
rs3882891

There was only modest
association between
rs2043055 and systolic
and diastolic blood
pressure.

26

Pyrzak et al. (39) 2010
(Poland)

To evaluate the
possible impact of
G-308A polymorphism
of the TNF-α gene with
grade of obesity,
insulin resistance,
lipid profile, leptin
levels, and the
incidence of metabolic
syndrome in obese
children.

124 obese children and
adolescents aged 10 - 18
years old

TNF-α gene

G-308A polymorphism

Though the frequency
of the polymorphism
is significantly higher
in obese children but
it had not significant
association with the
grade of obesity,
insulin resistance,
lipid profile, leptin
levels, and the
incidence of metabolic
syndrome in obese
children.

27

Shcherbakova et al.
(40) 2010 (Russia)

The association
between
polymorphisms of ACE
gene and components
of metabolic
syndrome was
evaluated.

148 obese and 46
normal weight
children

ACE gene

G-75A ApoA1, S19W
ApoA5, Sstl ApoC3,
E2/E3/E4 ApoE and W/R
ADRB3.

There was significant
association between
studied
polymorphism of ACE
gene and high blood
pressure, serum lipids,
hyperglycemia and
hyperinsulinemia.
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28

Alavi-Shahri et al. (24)
2010 (Iran)

The association
between Angiotensin
II type I receptor gene
polymorphism and
MetS among female
adolescents was
investigated.

350 adolescent girls
aged 15 - 17 years with
(101) and without (249)
MetS

Angiotensin II type I
receptor (AT1R)

AT1R/A1166C

The AT1R/A1166C
polymorphism of AT1R
gene have protective
effect on occurrence of
MetS in Adolescents.

29

Khalyfa et al. (41) 2010
(USA)

The association
between 4 allelic
variants of Fatty-acid
binding protein 4
(FABP4) gene with
insulin sensitivity of
children was
investigated.

309 children ages 5 - 7
years with (182) and
without (127) obesity

Fatty-acid binding
protein 4

rs1051231, rs2303519,
rs16909233 and
rs1054135

From studied allelic
variants, rs16909233
variant allele was
associated with insulin
resistance in both
obese and non obese
children.

30

Santoro et al. (42) 2009
(Italy)

The association
809 children aged 2-16
between rs997509
years in two obese
polymorphism of
(409) and non obese
nucleotide
(400) groups
pyrophosphatase/phosphodiesterase1 (ENPP-1) gene with
MetS and and
impaired glucose
tolerance of children
was determined.

nucleotide
K121Q and rs997509
pyrophosphatase/phosphodiesteraseENPP-1 variants
1 (ENPP-1)
gene

The polymorphism
could predict
occurrence of MetS
and IGF in obese
children .In addition it
was significant
association between
the polymorphism
and insulin resistance.

31

Pyrzak et al. (43) 2009
(Poland)

The association
between G-174C
polymorphism of
interleukin-6 gene
with component of
MetS among obese
children was
investigated.

124 obese and 56
non-obese children

interleukin-6 gene

174G > C

There was not any
association between
the G-174C
polymorphism of
interleukin-6 gene and
obesity and MetS in
children

32

Daram et al. (44) 2008
(Brazil)

The impact of four
perilipin (PLIN) gene
variants on Mets and
weight loss of obese
children and
adolescents was
evaluated.

234 obese children and
adolescents aged 7 - 14
y

Perilipin (PLIN)

PLIN1 6209T– > C,
PLIN4 11482G– > A,
PLIN5 13041A– > G,
PLIN6 14995A– > T

The PLIN4 11482G–> A
was associated with
the risk of Mets. The
PLIN6 14995A–> T was
associated with better
weight loss.They
concluded that the
gene could predict
outcome according to
the treatment options
used for this group of
population.

33

Liu et al. (25) 2009
(Taiwan)

The impact of nineteen
single nucleotide
polymorphisms (SNPs)
of TCF7L2 gene on
insulin resistance and
related features of
MetS was investigated.

525 Taiwanese
adolescent twin-pairs
and siblings.

TCF7L2

rs6585194, rs7919409,
rs11196219, rs4918792,
rs10749127, rs11196224,
rs7085532, rs17130188,
rs10787475, rs12775879,
rs290498, rs290487,
rs290481, (rs7079711,
rs4506565, rs7903146,
rs12243326, rs7895340,
rs12255372

From 19 SNPs, two of
them rs290487 and
rs10749127 C were
associated with insulin
resistance and some
features of MetS
including blood
pressure and
triglyceride,
respectively.

34

Gianotti et al. (26)
2008 (Argentina)

In order to determine
the relation between a
decreased
mitochondrial DNA
content and insulin
resistance in
adolescents ,the
impact of peroxisome
proliferator-activated
receptor-gamma,
PPAR- gamma
coactivator-1alpha and
Tfam genes
polymorphisms on the
development of
insulin resistance in
adolescents was
investigated.

175 high school
students

peroxisome
proliferator-activated
receptor-gamma
(PPAR-γ ), PPARgamma
coactivator-1alpha
(PGC-1α) and Tfam

pro12Ala (PPAR-γ ),
Gly482Ser (PGC-1α),
rs1937 and rs12247015
(Tfam)

There was not any
difference in the
frequency of
mentioned variants in
adolescents with and
without insulin
resistance
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35

Park et al. (27) 2008
(Korea)

The association
between five
polymorphisms of
beta (2)-adrenergic
receptor (ADRB2) gene
with parameters of the
metabolic syndrome
among adolescents
was investigated.

134 adolescents (69
male and 65 female).

beta(2)-adrenergic
receptor (ADRB2) gene

36

Santoro et al. (46)
2006 (Italy)

The association
between variants of
Insulin gene promoter
(INS VNTR) and MetS
was evaluated.

320 obese children

Insulin gene promoter
(INS VNTR)

37

Pyrzak et al. (45) 2005
(Poland)

The association
between G-308A
polymorphism of
Tumor necrosis factor
(TNF-α) gene with
insulin resistance

72 obese children and
adolescents aged 9 - 18
y

Tumor necrosis factor
(TNF-α) gene

G-308A

There was not any
association between
studied varients of
TNF-α gene and
insulin resistance as
well as degree of
obesity

38

Sookoian et al. (28)
2005 (Argantina)

The association
between the G-308A
variant of TNF-alpha
gene and different
component of MetS
among adolescents
harboring the MetS
was investigated

175 adolescents with
high systoloic or
diastolic blood
pressure

Tumor necrosis
factor-alpha

G-308A

There was significant
association between
the G-308A variant of
TNF-alpha gene and
systolic arterial BP and
HOMA index in
adolescents harboring
the MetS.

12

rs1042713 , rs1042714 ,
rs1042717, rs1042718 ,
rs1042719

The rs1042714 SNP was
associated with higher
body fat, waist
circumference, and
free fatty acids. The
rs1042717 SNP was
associated with higher
body weight, fasting
insulin, and HOMA
score. The rs1042714,
rs1042717, rs1042718,
and rs1042719 was
associated with higher
body weight, fasting
insulin, and HOMA
score.
The I variant of INS
VNTR gene could
predispose obest
children to develop
MetS.
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