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Abstract: Objective: The potentially functional MTHFR rs1801133 C>T polymorphism was predicted to be related
to risk of congenital heart disease (CHD). The aim of this meta-analysis was to assess the relationship between
MTHFR rs1801133 C>T polymorphism and CHD risk in three groups: Group 1: CHD patients vs. healthy controls;
Group 2: mothers with CHD offspring vs. mother controls with healthy offspring and Group 3: father with CHD off-
spring vs. father controls with healthy offspring. Methods: All case-control studies up date to June 12, 2016 on the
relationship between MTHFR rs1801133 C>T polymorphism and CHD risk were identified by retrieving EMBASE
and PubMed databases. The association of this polymorphism with CHD risk was estimated by odds ratios with
95% confidence intervals. Results: A total of 44 case-control studies from 24 articles were collected in our meta-
analysis. Overall, MTHFR rs1801133 TT genotype and T allele increased CHD risk significantly in Group 1 and Group
3. In Group 1, based on a stratified analysis by ethnicity, rs1801133 TT genotype and T allele caused raised CHD
incidence in Asians; however, the rs1801133 TT genotype reduced CHD risk in Caucasus. Additionally, based on
a stratified analysis by the type of CHD, we found that the MTHFR rs1801133 C>T was associated with conotrun-
cal heart disease, patent ductusarteriosus, transposition of great artery, coarctation of the aorta, and other CHD
type. In Group 2, MTHFR rs1801133 TT genotype of Asians and Caucasus might increase offspring CHD morbidity.
Conclusions: MTHFR rs1801133 C>T polymorphism is related to CHD risk from three respects of children, mother
and father.
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Introduction tors [4]. Familial aggregation and twin studies
have demonstrated the existence of genetic
Congenital heart disease (CHD) is the most factors for the risk of this appearance [5-7].
prevalent defect with 1% incidence worldwide The materiality of genetic factors in the occur-
and contributes to non-infectious cause of rence and development of CHD is also sus-
mortality and morbidity in newborns [1]. CHD is tained by recent information from genome wi-
a multifactorial disease and its aetiology is not de association study (GWAS) [8]. Chromosomal
clearly figured out. Epidemiological studies re- abnormalities and genetic mutations account
veal some momentous environmental contribu- for about 28% of congenital defects among
tions to the nosogenesis of CHD [2, 3]. Except affected individuals [9].
for certain CHD caused by a single gene muta-
tion, most of CHD are polygenic diseases influ- Folate is the general term for vitamin B9, a

enced by both environmental and genetic fac- water-soluble B vitamin, which is naturally fou-
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nd in the following foods: strawberries, green
leafy vegetables, kiwis, liver, some citric fruits,
beans, cereals, and egg yolks [10]. With higher
bioavailability and similar structure to natural
folate, folic acid is a synthetic compound which
is applied in supplements and fortified foods
[11]. The main form of plasma circulating folate
is 5-methyltetrahydrofolate (5-methyl THF). It
can be intransit to the cells by way of folate
receptors and carriers [12]. The folate pathway
is essential for the synthesis of nucleic acid.
THF, caused by the reaction catalyzed by methi-
onine synthase (MTR), can be directly trans-
formed into 5,10-methylene THF through the
action catalyzed serine hydroxymethyltransfer-
ase (SHMT). According to cellular demands,
5,10-methylene THF can be applied to thymi-
dylate synthesis, to purine synthesis, or to the
productionofb5-methylTHFrequiredforhomocys-
teine (Hcy) remethylation reactions. In turn,
5,10-methylene THF can be reduced to 5-meth-
yl THF catalyzed by methylene tetra hydrofolate
reductase (MTHFR) which is important to re-
gulate available folate derivatives for DNA me-
thylation and Hcy remethylation [13].

Some studies indicated the relationship of
CHD risk with the preconceptional use multivi-
tamin which could lead to 40%-60% decrease
of CHD incidence [14, 15]. Maternal folic acid
supplement has been proved to decrease the
CHD morbidity [16]. In a randomized controlled
trial, it was found that there was a significant
reduction of CHD after multivitamins supple-
mentation [17, 18] and similar reduction was
found in a cohort controlled trial [19]. The merg-
ing results of these two intervention trials indi-
cated a 43% reduction in the incidence for
CHD. High doses of folic acid during the critical
period of cardiovascular form (i.e., the second
and third months of gestation) significantly
reduced the birth morbidity of CHD [20, 21].
Folic acid antagonist drugs, inhibiting dihydrofo-
latereductase which is necessary to DNA syn-
thesis, increased CHD incidence in the children
of pregnant women [22].

Abnormal folic acid metabolism and common
variants of the enzymes in folic acid metabo-
lism have been previously depicted as possible
risk factors of CHD. One important enzyme in-
volved in the folic acid metabolism is MTHFR.
MTHFR gene exists in 1p 36.3. MTHFR isa 77
kDa protein and catalyses 5,10-methylenetet-
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rahydrofolate into 5-methyl THF which is a
major circulating form of folic acid and crucial
precursor in methylation reactions. Alteration
in MTHFR activity has many influences on so-
me metabolic pathways, such as DNA and RNA
synthesis, nucleotide balance, epigenetics in
DNA, and DNA repair. One of important single
nucleotide polymorphisms (SNPs) in MTHFR
gene is rs1801133 C>T (C677T) which results
in the amino acid transformation of alanine to
valine at 226 position of MTHFR protein. This
mutation leads to a 50% MTHFR enzyme activ-
ity reduction, an increase of plasma Hcy con-
centration and a decrease of plasma folic acid
concentration.

Since Wenstrom et al. first verified the relation-
ship between MTHFR gene polymorphisms and
CHD risk [23], many studies have been con-
ducted to replicate this study. Some recent
case-control studies have ascertained that
MTHFR rs1801133 C>T polymorphism was a
risk factor of CHD in Asians, particularly in
Chinese Han population [8, 24, 25]. However,
all of these case-control studies have yielded
contradictory results. Herein, we performed
this updated meta-analysis of all published
case-control studies to expound the relation-
ship between MTHFR rs1801133 C>T poly-
morphism and CHD risk in three groups: Group
1, CHD patients vs. healthy controls; Group 2,
mothers with CHD offspring vs. mother con-
trols with healthy offspring; and Group 3, fath-
er with CHD offspring vs. father controls with
healthy offspring.

Materials and methods
Search strategy

Articles focusing on the association of CHD
risk with MTHFR rs1801133 C>T polymorphi-
sm were identified by comprehensively sear-
ching the related literatures up date to June
12, 2016 in the PubMed and EMBASE data-
base. The following terms were used for sear-
ching: ‘congenital heart disease’ or ‘congenital
anomalies’ or ‘birth defect’ or ‘heart defect’ or
‘CHD’ and ‘polymorphism’ or ‘mutation’ or ‘vari-
ant’” or ‘SNP’ and ‘Methylenetetrahydrofolate-
reductase’ or ‘MTHFR’. The publication langu-
age was restricted to English and Chinese, and
all studies were only in regard to human sub-
jects. The update and most complete results
were adopted when multiple articles were
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Potential articles after an
initial search (n=836)

y

Potential articles about
possibleassociation (n=681)

Repeated articles (n=155)

v

Potentially appropriate
studies (n=54 in 29 articles)

A4

Articles excluded after
abstract and full-text
review [n=652: irrelevant
(n=543), meta-analysis
(n=31); review (n=26). not
case-control study (n=15),
dataunavailable (n=11),
case report (n=7), comment
(n=18), letter (n=1)]

the following information was
extracted: first author’s name,
publication year, ethnicity of
study population, the number
of cases and controls in each
study, genotype information,
genotyping methods, the type
of CHD (conotruncal heart dis-
ease; patent ductusarterios-
us, PDA; transposition of great
artery, TGA; ventricular septal
defect, VSD; atrial septal de-
fect, ASD; coarctation of the

aorta, CoA; and others), source

y

Manual search of the reference
lists of papers (n=0)

of control and Hardy-Weinberg
equilibrium (HWE) in controls.
If any information essential to
the meta-analysis was not
available from a study, we did

v

Deviated from
Hardy-Weinberg
equilibrium (n=10)

our best to get in touch with
the authors to obtain the miss-

h 4

Studies included in our meta-analysis (n=44 in 24

articles)

(1) CHD patients vs. healthy controls (n=30);

(2) mothers with CHD offspring vs. healthy mother
controls (n=10);

(3) fathers with CHD offspring vs. healthy father
controls (n=4)

derived from the same study group. All refer-
ences in these eligible studies or reviews were
also manually searched of to supply the elec-
tronic retrieval results.

Inclusion and exclusion criteria

The major selection criteria were: (a) studies
focusing on the association between MTHFR
rs1801133 C>T polymorphism and CHD; (b)
case-cohort or case-control studies; (c) origi-
nal data; (d) proper CHD diagnosis criteria.
Accordingly, the major exclusion criteria were:
(@) not associated to CHD risk and MTHFR
rs1801133 C>T polymorphism; (b) no available
data; (c) not case-control or cohort study; (d)
conference papers, comments, reviews and let-
ters; (e) repeated studies.

Data extraction

Two authors (Y. Wang and J. Xie) extracted the
data independently, and a third investigator (W.
Tang) reviewed the results. For each study,
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Figure 1. Flow dia-

gram

ing data. If conflicting evalua-
tions were encountered, una-
nimity was reached through a

of inclusion comprehensive discussion.

and exclusion pro-

cess.

Quality score

We harnessed the Newcastle-

Ottawa Scale (http://www.ohri.

ca/programs/clinical_epidemi-
ology/oxford.asp) to evaluate the quality score
of the eligible studies [34]. Each included stud-
ies were assessed by 8 items of 3 aspects.
When quality score was > 7 stars, it was consid-
ered as high-quality study.

Statistical analysis

The crude odds ratios (ORs) with their 95%
confidence intervals (Cls) were calculated to
assess the relationship between MTHFR rs-
1801133 C>T polymorphism and CHD risk for
an allele model (T vs. C), a homozygote model
(TT vs. CC), a dominant model (TT+CT vs. CC),
and a recessive model (TT vs. CT+CC). The HWE
in control groups was calculated by an online
test (http://ihg.gsf.de/cgi-bin/hw/hwal.pl) and
P<0.05 was regarded as the statistical signifi-
cance [26, 27]. The X?-based Q test and the I?
test were conducted to analyze heterogeneity
between the studies. When P<0.1 or I’<
50%, the random-effect model was applied
[28]. Otherwise, the fixed-effect model was
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Table 1. Studies characteristics in the meta-analysis

Study Year Ethnicity No. of cases/ Source of case Genotype method Objective
controls of study
Group 1: CHD patients vs. healthy controls
Wang et al. 2016 Asian 147/168 Hospital-based HRM Group 1
Lietal. 2015 Asian 150/150 Hospital-based RFLP-PCR Group 1
Koshy et al. 2015 Asian 96/100 Population-based ABI 3730 automated sequencer Group 1
Sayin et al. 2014 Caucasus 79/99 Hospital-based RFLP-PCR Group 1
Chao et al. 2014 Asian 17/34 Hospital-based RFLP-PCR Group 1
Sahiner et al. 2014 Caucasus 117/93 Hospital-based RFLP-PCR Group 1
Sahiner et al. 2014 Caucasus 45/93 Hospital-based RFLP-PCR Group 1
Wang et al. 2013 Asian 160/188 Hospital-based SNaPShot Group 1
Kotby et al. 2012 Caucasus 30/30 Hospital-based RFLP-PCR Group 1
Gong et al. 2012 Asian 120/136 Hospital-based MALDI-ToF-M Group 1
Gong et al. 2012 Asian 124/136 Hospital-based MALDI-ToF-M Group 1
Xu et al. 2010 Asian 502/527 Hospital-based RFLP-PCR Group 1
Xu et al. 2010 Asian 257/527 Hospital-based RFLP-PCR Group 1
Xu et al. 2010 Asian 41/527 Hospital-based RFLP-PCR Group 1
Kuehl et al. 2010 Caucasus 64/477 Hospital-based Multilocus allele-specific hybridization assay Group 1
Lietal. 2009 Asian 104/208 Hospital-based RFLP-PCR Group 1
Van et al. 2008 Caucasus 229/251 Hospital-based RFLP-PCR Group 1
Galdieri et al. 2007 Caucasus 58/38 Hospital-based RFLP-PCR Group 1
Zhu et al. 2006 Asian 22/104 Population-based Tag-Man Group 1
Zhu et al. 2006 Asian 35/104 Population-based Tag-Man Group 1
Lee et al. 2005 Asian 3/195 Population-based DHPLC Group 1
Lee et al. 2005 Asian 10/195 Population-based DHPLC Group 1
Lee et al. 2005 Asian 29/195 Population-based DHPLC Group 1
Lee et al. 2005 Asian 25/195 Population-based DHPLC Group 1
Lee et al. 2005 Asian 48/195 Population-based DHPLC Group 1
Lee et al. 2005 Asian 37/195 Population-based DHPLC Group 1
Lee et al. 2005 Asian 72/195 Population-based DHPLC Group 1
Shaw et al. 2005 Caucasus 238/652 Population-based  Multilocus allele-specific hybridization assay Group 1
Lietal. 2005 Asian 192/124 Population-based RFLP-PCR Group 1
Storti et al. 2003 Caucasus 103/200 Hospital-based RFLP-PCR Group 1
Group 2: Mothers with CHD offspring vs. mother controls with healthy offspring
Jiang et al. 2015 Asian 100/100 Hospital-based RFLP-PCR Group 2
Shietal. 2015 Asian 153/216 Hospital-based Tag-Man allelic discrimination assay Group 2
Elsayed et al. 2014 Caucasus 61/61 Hospital-based RFLP-PCR Group 2
Kotby et al. 2012 Caucasus 30/30 Hospital-based RFLP-PCR Group 2
Sanchez-Urbina et al. 2012 Caucasus 60/62 Hospital-based RFLP-PCR Group 2
Van et al. 2008 Caucasus 230/251 Hospital-based RFLP-PCR Group 2
Wintner et al. 2007 Caucasus 31/31 Hospital-based ASO microarrays Group 2
Zhu et al. 2006 Asian 57/104 Population-based Tag-Man Group 2
Lietal. 2005 Asian 192/124 Population-based RFLP-PCR Group 2
Storti et al. 2003 Caucasus 103/200 Hospital-based RFLP-PCR Group 2
Group C: Father with CHD offspring vs. father controls with healthy offspring
Wintner et al. 2007 Caucasus 31/31 Hospital-based ASO microarrays Group 3
Zhu et al. 2006 Asian 57/104 Population-based Tag-Man Group 3
Lietal. 2005 Asian 192/124 Population-based RFLP-PCR Group 3
Storti et al. 2003 Caucasus 103/200 Hospital-based RFLP-PCR Group 3

applied [29]. In order to identify the source of
heterogeneity, subgroup analyses were per-
formed by types of CHD, ethnicity (Caucasians
and Asians), source of controls (hospital-based
and population-based) and number of cases
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(>300 vs. <£300). Begg's funnel plot and the
Egger's quantitative tests were used to evalu-
ate and describe the possible publication bias
[30]. P<0.05 was considered statistically sig-
nificant. The statistical analyses were operated
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Table 2. Distribution of MTHFR rs1801133 C>T polymorphism genotype and allele in each group

Case Control Case Control

Study Year HWE
cC CrT 7T CC CT T C T C T
Group 1: CHD patients vs. healthy controls
Wang et al. 2016 14 73 66 49 84 35 101 205 182 154 Yes
Lietal. 2015 31 78 41 59 66 25 140 160 184 116 Yes
Koshy et al. 2015 95 1 0 83 7 0 191 1 173 7 Yes
Sayin et al. 2015 40 33 2 43 44 8 113 37 130 60 Yes
Chao et al. 2014 10 5 2 19 12 3 25 9 50 18 Yes
Sahiner et al. 2014 50 34 13 v 39 7 134 60 133 53 Yes
Sahiner et al. 2014 19 19 1 47 39 7 57 21 133 53 Yes
Wang et al. 2013 59 76 25 53 100 35 194 126 206 170 Yes
Kotby et al. 2012 12 14 4 20 8 2 38 22 48 12 Yes
Gong et al. 2012 21 59 40 43 72 21 101 139 158 114 Yes
Gong et al. 2012 24 64 36 43 72 21 112 136 158 114 Yes
Xu et al. 2010 79 114 52 151 261 115 272 218 563 491 Yes
Xu et al. 2010 83 130 44 151 261 115 296 218 563 491 Yes
Xu et al. 2010 12 17 12 151 261 115 41 41 563 491 Yes
Kuehl et al. 2010 12 33 10 134 134 32 57 53 402 198 Yes
Lietal. 2009 16 42 46 55 114 39 74 134 224 192 Yes
Van et al. 2008 99 103 27 119 107 25 301 157 345 157 Yes
Galdieri et al. 2007 30 21 7 18 14 6 81 35 50 26 Yes
Zhu et al. 2006 3 7 12 22 57 24 13 31 101 105 Yes
Zhu et al. 2006 4 15 15 22 57 24 23 45 101 105 Yes
Lee et al. 2005 1 2 0 114 68 13 4 2 296 94 Yes
Lee et al. 2005 5 5 0 114 68 13 15 5 296 94 Yes
Lee et al. 2005 23 5 1 114 68 13 51 7 296 94 Yes
Lee et al. 2005 11 13 1 114 68 13 35 15 296 94 Yes
Lee et al. 2005 25 22 1 114 68 13 72 24 296 94 Yes
Lee et al. 2005 22 13 2 114 68 13 57 17 2906 94 Yes
Lee et al. 2005 24 34 14 114 68 13 82 62 296 94 Yes
Shaw et al. 2005 69 68 16 180 202 52 206 100 562 306 Yes
Lietal. 2005 30 95 58 22 57 24 155 211 101 105 Yes
Storti et al. 2003 27 53 20 26 54 20 107 93 106 94 Yes
Group 2: mothers with CHD offspring vs. mother controls with healthy offspring
Jiang et al. 2015 38 46 16 41 48 11 122 78 130 70 Yes
Shi et al. 2015 55 68 30 70 101 45 178 128 241 191 Yes
Elsayed et al. 2014 30 28 3 30 24 7 88 34 84 38 Yes
Kotby et al. 2012 12 16 2 20 10 1 40 20 50 12 Yes
Sanchez-Urbina et al. 2012 8 38 14 13 37 12 54 66 63 61 Yes
Van et al. 2008 91 117 22 111 104 36 299 161 326 176 Yes
Wintner et al. 2007 17 11 3 10 17 4 45 17 37 25 Yes
Zhu et al. 2006 6 27 23 20 57 25 39 73 97 107 Yes
Lietal. 2005 32 90 60 20 57 25 154 210 97 107 Yes
Storti et al. 2003 26 52 22 26 54 20 104 96 106 94 Yes
Group 3: father with CHD offspring vs. father controls with healthy offspring
Wintner et al. 2007 17 11 3 14 14 3 45 17 42 20 Yes
Zhu et al. 2006 6 34 18 21 57 22 46 70 99 101 Yes
Lietal. 2005 25 102 52 21 57 22 152 206 99 101 Yes
Storti et al. 2003 22 60 18 26 54 20 104 96 106 94 Yes
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Table 3. Quality score of each article

Selection Comparability Exposure
Study Year Adequate Representativeness Selection Definition  of the cases  Ascertainment Same ascertainment Non-response Total
case of the cases of the of controls ~ and controls of exposure method for cases rate Stars
definition controls and controls

Wang et al. 2016 * * - * * * * B 6
Jiang et al. 2015 * * - * *k * * R 7
Lietal. 2015 * * - * * * R B 5
Shi et al. 2015 * * - * *%x * : ) 6
Koshy et al. 2015 * * * * *% * _ R 7
Elsayed et al. 2014 * * - * * * R R 5
Sayin et al. 2014 * * - * * * * _ 6
Chao et al. 2014 * * - * *k * * : 7
Sahiner et al. 2014 * * R * *k * * R 7
Wang et al. 2013 * * - * * * : } 5
Kotby et al. 2012 * * - * * * * R 6
Gong et al. 2012 * * - * *k * R } 6
Séanchez-Urbina et al. 2012 * * * * *% * * i 8
Xu et al. 2010 * * - * *k * * R 7
Kuehl et al. 2010 * * - - * * * ; 5
Lietal. 2009 * * - * *% * * : 7
Van et al. 2008 * * - * *% * ; } 6
Galdieri et al. 2007 * * - * *ok * _ : 6
Wintner et al. 2007 * * - * *% * * R 7
Zhu et al. 2006 * * * * *k * * : 8
Lee et al. 2005 * * R * *k * * B 7
Shaw et al. 2005 * * * * *% * * R 8
Lietal. 2005 * * * * *% * * : 8
Storti et al. 2003 * * - * *k * * ; 7
15814 Int J Clin Exp Med 2017;10(12):15809-15824
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Table 4. Results on the relationship between MTHFR rs1801133 C>T polymorphism and CHD risk in Group 1 (CHD patients vs. healthy controls)

Tvs.C TT vs. CC TT+CT vs. CC TT vs. CT+CC
No. of
study OR (95% Cl) P (Q—tF(;st) OR (95% Cl) P (Q—t’;St) OR (95% Cl) P (Q—tist) OR (95% Cl) P (Q-tist)
Total 30 1.25(1.06, 1.46) 0.006  <0.001 1.57 (1.14,2.18) 0.006 <0.001 1.28(1.05,1.57) 0.015 <0.001 1.06(0.81,1.39) 0.663 <0.001
Ethnicity
Caucasians 9 0.93(0.75,1.14) 0.461  0.035 1.15(0.73,1.80) 0.546 0.080 1.12(0.85,1.48) 0.418 0.361 0.69(0.52,0.91) 0.009 0.415
Asians 21 1.32(1.07,1.63) 0.008 <0.001 1.82(1.19,2.77) 0.005 <0.001 1.36(1.04,1.79) 0.027 <0.001 1.29(0.94,1.78) 0.117 <0.001
Number of cases
>300 11 1.08(0.88,1.33) 0.107  <0.001 1.45(0.93,2.26) 0.105 <0.001 0.75(0.54,1.04) 0.192 <0.001 1.11(0.78,1.57) 0.562 <0.001
<300 19 1.29(1.04,1.60) 0.022 <0.001 1.79(1.17,2.75) 0.007 0.019  1.35(1.02,1.78) 0.035 0.002 0.95(0.62, 1.47) 0.828  0.001
Source of Control
Hospital-based 18 1.26 (1.04,1.53) 0.019 <0.001 1.59(1.06,2.38) 0.024 <0.001 1.32(1.02,1.69) 0.032 <0.001 1.09(0.80,1.47) 0.584 <0.001
Population-based 12 1.21(0.90, 1.63)  0.199 0.001 1.53(0.86,2.72) 0.144 0.031  1.23(0.85,1.77) 0.278 0.008 0.93(0.51,1.70) 0.807  0.008
Type of CHD

Conotruncal heart disease 5 0.85(0.66, 1.08)  0.179 0.365 0.67(0.36,1.24) 0.201 0.498 0.83(0.60,1.15) 0.261 0.396 0.54(0.31,0.92) 0.023 0.135
Patent ductusarteriosus 3 1.50(1.02,2.21) 0.039  0.489 2.07 (0.86,4.96) 0.102 0.437 1.57(0.88,2.80) 0.127 0.384  1.43(0.74,2.75) 0.284  0.550
Transposition of great artery 2 1.61(1.16,2.23) 0.005 0.398 2.80(1.40,5.60) 0.004 0.372 1.83(1.09,3.08) 0.023 0.407 1.59(0.89,2.83) 0.117  0.659
2 0.80(0.65,0.98) 0.034  0.122 0.67 (0.44,1.03) 0.069 0.578 0.76(0.56,1.03) 0.074 0.715 0.64(0.44,0.93) 0.019  0.102

3 (

2 (

(

)

Venricularseptal defect )
1.28 (0.95,1.73)  0.109 0.179 1.40 (0.75,2.63) 0.290 0.168 1.20(0.77,1.87) 0.422 0.051 1.34 (0.81,2.22) 0.254 0.704

)

)

Atrial septal defect
Coarctation of the aorta 1.87 (1.25,2.79) 0.002 0.840 3.44 (1.42,8.37) 0.006 0.903 2.89(1.50,5.55) 0.001 0.981 1.13(0.53,2.41) 0.751  0.983

Others 13 1.39(1.10, 1.75) 0.006  <0.001 1.93(1.22,3.06) 0.005 <0.001 1.46(1.07,1.99) 0.015 <0.001 1.21(0.86,1.70) 0.275 <0.001

Table 5. Relationship between MTHFR rs1801133 C>T polymorphism and CHD risk in Group 2 (mothers with CHD offspring vs. mother controls
with healthy offspring)

No. of Tvs.C TT vs. CC TT+CT vs. CC TT vs. CT+CC
study OR (95% ClI) P P (Q-test) OR (95% Cl) P P(Q-test) OR (95% Cl) P P(Q-test) OR (95% Cl) P P (Q-test)
Total 10 1.08 (0.95, 1.23) 0.232 0.193 1.09 (0.83,1.43) 0.521  0.240 1.70(0.93,3.12) 0.087 <0.001 1.11(0.88,1.39) 0.384 0.198
Ethnicity
Caucasians 6 1.14 (0.95, 1.37)  0.809 0.267 0.89(0.60,1.33) 0.561  0.426 3.20(1.36,7.52) 0.008 <0.001 0.84(0.59,1.19) 0.322 0.515
Asians 4 1.02(0.86,1.22) 0.145 0.157 1.31(0.90,1.90) 0.156  0.183 0.82(0.50,1.34) 0.421  0.030 1.36(1.01,1.85) 0.046 0.262
Number of cases
>300 4 1.02 (0.87,1.20) 0.783 0.608 0.96 (0.69,1.33) 0.125  0.492 1.55(0.64,3.77) 0.329 <0.001 0.99 (0.75,1.32)  0.965 0.174
<300 6 1.20(0.97,1.49) 0.098 0.102 1.47 (0.90,2.39) 0.787  0.209 1.92(0.76,4.84) 0.169 <0.001 1.39(0.93,2.08) 0.112 0.368
Source of Control
Hospital-based 8 1.01(0.88,1.17) 0.862 0.374 0.94 (0.69,1.28) 0.697  0.494 2.30(1.19,4.47) 0.014 <0.001 0.92(0.70,1.21) 0.567 0.541
Population-based 2 1.38(1.04,1.82) 0.023 0.291 1.90 (1.05,3.45) 0.034  0.280 0.58(0.37,0.90) 0.015  0.761 1.72(1.12,2.62) 0.014 0.441
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Table 6. Results on the relationship between MTHFR rs1801133
C>T polymorphism and CHD risk in Group 3 (father with CHD
offspring vs. father controls with healthy offspring)

case reports; and one was let-
ter. The flow chart is outlined in
Figure 1.

Genetic model OR (95% ClI P P (Q-test . .
Tvs. G 121 (é 98, 1 ;1) 0.081 (()Q428 ) In 44 studies, Group 1 includ-
' ’ T ’ ’ ed 30 studies in 19 articles [4,
TT vs. CC 3.92 (2.50, 6.15) <0.001 0.908 31-48], Group 2 included 10
TT+CT vs. CC 1.39 (0.95, 2.03) 0.087 0.337 studies in 10 articles [4, 38,
TT vs. CT+CC 1.27 (0.88, 1.84) 0.201 0.635 43, 47-53], and Group 3 includ-
ed 4 studies in 4 articles [4,
e % 47, 48, 53]. Table 1 showed
D OR (96% CI) Weight the characteristics of all in-
Wang etal. (2018) 1= 240 (1.74,331) 427 cluded studies. Table 2 listed
Lietal. (2015) b 7 1.81(1.31,251) 425 L. .
Kosty etl (2015) &bt | 0.13(0.02. 108 051 the genotype distributions am-
Sayin et sl. (2015) ——r 0.71 (0.44, 1.15) 350 :
Chaoet sl £014) - 1000.09, 259 126 or'1g' cases gnd controls in all
Sahiner etal. (2014) N 1.12(0.72,1.75 369 eligible studies. The results of
Sahiner et al. (2014) — 0.92 (0.51, 1.67) 300 . .
Wang etal. (2012) - 0.79(0.58,.107) 435 quality score for each article
Kotby et al. (2012) H—=— 232(1.02,527) 218 .
Gong etal (2012) :."' 1910134 271) 412 are shown in Table 3.
Gong etal. (2012) —— 1.68(1.19,238) 4.14
Xu et al. (2010) - 0.92(0.74.1.14) 472 :
cpmseng i B T b Main results of the overall
Xu et al. (2010) —— 1.15(0.72,1.80) 365 analyses
Kuehl et sl. (2010) ‘o 1.89(1.25,285 384
Lietal. (2009) | —— 2.11(1.50,298) 4.16
Van etal. (2008) —~ 1.15(0.88,1.50) 450 In Table 4, Table 5 and Table 6,
Galdieri I. (2007 —_— 0.83 (0.45, 1. 289 . .
redlaed it —_ bt g e s the association between MT-
Zhu et sl. (2006) — 1.88(1.08,333) 309 _
Lee et al. (2005) _ 1.57 (0.28,8.73) 073 HER rs1801133 C.>T .p0|_ymor
Lee etal (2005) —_— 1.05(0.37,296) 160 phism and CHD risk is listed.
Leeetal. (2005) ! 0.43(0.19,0.98) 216 .
Lee etal. (2005) —i— 1.35(0.71.258) 277 Table 4 is about Group 1, Table
Leeetsl. (2005) —_— 1.05(0.62, 1.76) 333
Lee etal. (2005) —_—— 0.94 (0.52, 1.69) 301 5 about GrOUp 2, and Table 6
Lee etal (2005) | | —o— 2.38(1.59,3.56) 387 about Group 3.
Shaw et gl. (2005) |- A 0.89 (0.68. 1.18) 447
Lietal. (2005) —— 1.31(0.92, 1.85 418
Storti et al. (2003) —— 0.98 (0.68, 1.45 392 i
Oversll (ksquared = 75.2%, p = 0.000) Q 1.25(1.08, 1.46) 100.00 Overa”’ GrouD 1 (CHD-patlentS
S ke bromrandam adarandiai l vs. healthy controls): rs180-
s 1 E 1133 TT genotype and T allele

Figure 2. Random effect forest plot of allele model (T vs. C) for the rela-
tionship between the MTHFR rs1801133 C>T polymorphism and CHD risk:

Group 1 (CHD patients vs. healthy controls).

by the STATA version 12.0 software (Stata
Corp., College Station, TX, USA).

Results
Characteristics of studies

A total of 836 articles were initially identified
based on the search strategy. Based on the
inclusion and exclusion criteria, 44 studies
case-control studies in 24 articles [4, 31-52]
were included in our meta-analysis. Of the 812
excluded studies, 155 were duplicate publica-
tions; 543 were not relevant to MTHFR
rs1801133 C>T polymorphism and CHD risk;
57 were reviews and meta-analyses; 18 were
comments; 15 were not case-control studies;
data was unavailable in 11 articles; seven were
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increased CHD risk significant-
ly in three genetic models [T
vs. C (OR, 1.25; 95% ClI, 1.06-
1.46; P = 0.006), TT vs. CC
(OR, 1.57;95% Cl, 1.14-2.18; P
=0.006), TT+CT vs. CC (OR, 1.28; 95% CI, 1.05-
1.57; P = 0.015), Table 4, Figure 2]. Group 3
(father with CHD offspring vs. father controls
with healthy offspring): the MTHFR rs1801133
TT genotype augmented CHD risk significantly
in the homozygote model (TT vs. CC: OR, 3.92;
95% CI, 2.50-6.15; P<0.001; Table 6 and
Figure 3). Group 2 (mothers with CHD offspring
vs. mother controls with healthy offspring): No
relationship was identified between MTHFR
rs1801133 C>T polymorphism and CHD risk in
Group 2 (Table 5 and Figure 4).

Subgroup analyses by ethnicity
Group 1 (CHD patients vs. healthy controls): we

drew a conclusion that rs1801133 TT geno-
type and T allele caused raised CHD incidence

Int J Clin Exp Med 2017;10(12):15809-15824
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Figure 3. Fixed effect forest plot of homozygote model (TT vs. CC) for the
relationship between the MTHFR rs1801133 C>T polymorphism and CHD
risk: Group 3 (father with CHD offspring vs. father controls with healthy off-

spring).
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Table 5 and Figure 8).
16.92
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of CHD
3.55(1686,7.59) 3858
AR @00.6.98)  100.00 Group 1 (CHD patients vs.

healthy controls): In allele mo-
del, MTHFR rs1801133 T al-
lele was related to increased
CHD risk in the following ty-
pes of CHD: PDA (OR: 1.50,
95% Cl: 1.02-2.21, P = 0.039);
TGA (OR: 1.61; 95% CI: 1.16-
2.23, P = 0.005); CoA (OR:
1.87; 95% CI: 1.25-2.79, P =
0.002) and other CHD type

OR (95% Ci) (OR: 1.39; 95% CI: 1.10-1.75).
157(065.350) 78 But it related to decreased
085(047.152) 2490 VSA risk (OR, 0.80; 95% CI:
043(010.182) 604 0.65-0.98, P = 0.034). In ho-
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conmas 1.40-5.60, P = 0.004); CoA
i G (OR: 3.44; 95% Cl: 1.42-8.37, P

= 0.006); and other CHD type
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T
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Figure 4. Fixed effect forest plot of homozygote model (TT vs. CC) for the
relationship between the MTHFR rs1801133 C>T polymorphism and CHD
risk: Group 2 (mothers with CHD offspring vs. mother controls with healthy

offspring).

in Asians in three genetic models [T vs. C (OR,
1.32; 95% Cl, 1.07-1.63; P = 0.008), TT vs. CC
(OR, 1.82; 95% ClI, 1.19-2.77; P=0.005), TT+CT
vs. CC (OR, 1.36; 95% Cl, 1.04-1.79; P = 0.027),
Table 4, Figure 5. However, the rs1801133 TT
genotype reduced CHD risk in Caucasus [TT vs.
CT+CC: OR, 0.69; 95% Cl, 0.52-0.91, P=0.009,
Table 4 and Figure 6).

Group 2 (mothers with CHD offspring vs. moth-
er controls with healthy offspring): the mothers’
MTHFRrs1801133TTgenotype of Caucasus mi-
ght increase offspring CHD morbidity (TT+CT
vs. CC: OR, 3.20; 95% Cl, 1.36-7.52; P = 0.008,
Table 5 and Figure 7). And the mother’'s MTH-
FR rs1801133 TT genotype in Asians might in-
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P = 0.005). Similarly in do-
minant model, MTHFR rs180-
1133 TT polymorphism was
related to increased CHD risk
in the following types of CHD:
TGA (OR: 1.83; 95% CI: 1.09-
3.08, P =0.023); CoA (OR: 2.89; 95% Cl: 1.50-
5.55, P=0.001) and other CHD type (OR: 1.46;
95% Cl: 1.07-1.99, P = 0.015). However, in
recessive model, MTHFR rs1801133 TT poly-
morphism was related to decreased CHD risk in
the following types of CHD: conotruncal heart
disease (OR: 0.54; 95% CI: 0.31-0.92, P =
0.023) and VSD (OR: 0.64; 95% Cl: 0.44-0.93,
P =0.019). The results are shown in Table 4.

Publication bias

Begg's Funnel plot and Egger’s test were per-
formed to detect the publication bias of the stu-
dies. The funnel plot shape and Egger’s test
showed no proofs of publication bias (data not
shown).

Int J Clin Exp Med 2017:10(12):15809-15824
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Figure 5. The relationship between the MTHFR rs1801133 C>T polymor-
phism and CHD risk in Asians: Group 1 (CHD patients vs. healthy controls),

random effect model for T vs. C.
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Figure 6. The relationship between
the MTHFR rs1801133 C>T poly-
morphism and CHD risk in Cau-
casians: Group 1 (CHD patients
vs. healthy controls), fixed effect
model for TT vs. CC+CT.

Sensitivity analyses

Sensitivity analyses were con-
ducted to evaluate theprimary
origin of the heterogeneity. No
independent study included af-
fected the heterogeneity in Gr-
oup 1 (Figure 9) and Group 2
(Figure 10). The data are not
shown.

Heterogeneity test

Group 1 (CHD patients vs. he-
althy controls): the results indi-
cated that Asian population,
number of cases (>300 and
<300), source of control (hos-
pital and population based),
and type of CHD (others sub-
group) may contribute to the
prime heterogeneities (Table
4).

Group 2 (mothers with CHD
offspring vs. mother controls
with healthy offspring): the pri-
me heterogeneities were deri-
ved from ethnicity (Asians and
Caucasus), number of cases
(>300 and <£300), and hospi-
tal-based subgroup (Table 5).

Discussion

MTHFR is a critical enzyme in
folic acid transformation pro-
cess, and its activity may be
associated with some diseas-
es including CHD [54, 55]. In
1999, Kapusta et al. first
reported that maternal hyper-
homocysteinaemia was related
to an increased risk of CHD
[56]. More recently, Hobbs et
al. identified that homocys
teinamia, S-adenosylhomocys-
teine, and methionine were the
most important predictive bio-
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Figure 7. The relationship between the mothers’ MTHFR rs1801133 C>T
polymorphism and CHD risk in Caucasians: Group 2 (mothers with CHD off-
spring vs. mother controls with healthy offspring), random effect model for

risk including father’s factor
in CHD pathogeny. Our findings
indicated that rs1801133 TT
genotype and T allele increa-
sed CHD risk significantly in
Group 1 and Group 3.

TT+CT vs. CC. The homozygous TT and het-
erozygous CT genotypes were
associated with increased Hcy
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Figure 8. The relationship between the mothers’ MTHFR rs1801133 C>T
polymorphism and CHD risk in Asians: Group 2 (mothers with CHD offspring
vs. mother controls with healthy offspring), fixed effect model for TT vs. CT+

CC.

markers in mothers with pregnancies affected
by CHD [57]. And specifically, MTHFR protein
is an essential enzyme in homocysteinemia
metabolism. Therefore, the polymorphisms of
MTHFR gene may regulate the activity of MT-
HFR and then may be an important decisive
factor of CHD genesis and development. A
number of studies have reported the possible
correlations between MTHFR rs1801133 C>T
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malalignment of outflow tract
and defect in trunco-conal
septum and resulted in CHD
[62]. Results of our meta-anal-
ysis indicated that MTHFR rs-
1801133 C>T polymorphism

of fetus or children was obviously related to
CHD in all genetic models. The homozygosity
prevalence of the polymorphism is reported to
be from 5% to 16% in different ethnicities,
which may explain the different incidence of
CHD in different ethnicity. In our meta-analysis,
further stratified analysis by ethnicity showed
that MTHFR rs1801133 C>T polymorphism of
fetus or children was intimately correlated to
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Figure 9. Sensitivity analysis for the relationship between the MTHFR
rs1801133 C>T polymorphism and CHD risk: Group 1 (CHD patients vs.

healthy controls) (C vs. T).

Meta-analysis estimates, given named study is omitted

Li Y et al. suggested that pa-
ternal combinative gene of MT-
HFR and cystathionine B-syn-
thase (CBS) could raise CHD
risk [47]. There were only four
studies about the relationship
between paternal MTHFR rs-
1801133 C>T polymorphism
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Figure 10. Sensitivity analysis for the relationship between the MTHFR
rs1801133 C>T polymorphism and CHD risk: Group 2 (mothers with CHD
offspring vs. mother controls with healthy offspring) (CC vs. TT).

increased CHD risk in Asian population, but
decreased CHD risk in Caucasian population.
The opposite result in Caucasian population
may be due to relatively small number of includ-
ing studies. What's more, the differences of
environment in different regions might con-
tribute to the distinction of MTHFR rs1801133
C>T polymorphism impact.

Several studies had indicated that mothers
who got mutations of MTHFR rs1801133 C>T
polymorphism had increased risk of CHD chil-
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morphisms of MTHFR gene,
other genes, and environmen-
tal factors, such as folic acid,
smoking, and drinking. Second,
there was relatively small sam-
ple in several subgroup stratified by the types
of CHD. This might not provide enough power
to assess association between MTHFR rs-
1801133 C>T polymorphism and CHD risk.
Third, we only included the published articles.
Thus, publication bias might be not avoided.
Forth, significant heterogeneities in our meta-
analysis were found in Group 1 and Group 2.
Given these results, further investigations in
these areas are needed, so our conclusions
of meta-analysis should be interpreted cau-
tiously.
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In conclusion, MTHFR rs1801133 C>T polymor-
phism may be related to CHD risk from three
respects of children, mother and father. In or-
der to achieve more convincible conclusion, fur-
ther analyses including larger sample size and
adjusted individual data were required, and fur-
ther investigation of mechanism should also be
performed.
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