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Abstract: It has been demonstrated that inflammatory bowel disease (IBD) patients had a higher risk of thrombo-
embolism, numerous observational studies have reported the prevalence of MTHFR C677T mutation and G20210A
prothrombin mutation in patients with IBD. Whereas the magnitude of association between these two inherited
thrombophilic abnormalities and IBD remains unknown. We conduct a meta-analysis to examine these two as-
sociations. The literature search was conducted using PubMed database, Odd ratios (ORs) with 95% confidence
interval (Cl) were calculated using random- or fixed-model. Finally, nineteen studies were included for MTHFR C677T
mutation and fourteen studies were included for prothrombin G20210A mutation. No significant heterogeneity was
found in the present analysis. As regards MTHFR C677T mutation, although no significantly increased IBD risk was
found in the overall population (OR=1.06, 95% CI 1.07-1.17), subgroup analyses based on ethnicity suggested that
MTHFR C677T mutation was associated with a slight increased risk of IBD in the Caucasian (OR=1.17, 95% Cl 1.01-
1.35) and Turkish population (OR=2.01, 95% CI 1.10-3.69). With respect to prothrombin G20210A mutation, not
only the overall results (OR=0.66, 95% CI 0.65-1.50) but also the subgroup analyses showed no significant asso-
ciation was found between IBD and G20210A mutation. This meta-analysis indicated that MTHFR C677T mutation
was significantly associated with the risk of IBD in Caucasian and Turkish population. No significant association was
found between IBD and prothrombin G20210A mutation.
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Introduction

Inflammatory bowel disease (IBD) is defined as
a chronic or relapsing inflammatory disorder of
the gastrointestinal tract, and it encompasses
two major forms which are ulcerative colitis
(UC) and crohn’s disease (CD). Increasing IBD
incidence and prevalence have been observed
in different regions of the world, especially in
the developing countries [1]. Due to the reduc-
tion of the life quality and the ability to work and
increases disability, IBD places a heavy burden
on patients [2]. At present, the exact etiologies
and pathogenesis of IBD are not completely
elucidated, various factors contributed to it
including genetic predisposition, environmen-
tal, aberrant immunological factors and their
interaction [3]. Previous data have demonstrat-

ed that IBD is associated with an increased risk
of vascular complications [4-6], suggest that
thromboembolism is a disease-specific extrain-
testinal manifestation of IBD [7]. Owing to the
established association between IBD and
thrombosis, it may hence be reasonable to
hypothesize that these conditions may share
some common inherited abnormalities. The
main frequent hereditary thrombophilic abnor-
malities are factor V Leiden (FVL), prothrom-
bin (FIl) gene G20210A mutation, and methy-
lenetetrahydrofolate reductase (MTHFR) gene
C677T mutation.

FVL is a single point mutation of the coagula-
tion factor V gene at position 506 [8], leading to
replacement of Arg506 with GIn, in the factor V
molecule (FVR506Q). Many studies reported it
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prominently contributed to thromboembolism
[9, 10]. Two meta-analysis have confirmed FVL
mutation was significantly associated with an
increased risk of thromboembolism in IBD
patients, but not significantly associated with
the risk of IBD [11, 12].

MTHFR is a major enzyme participated in the
remethylation pathway of homocysteine metab-
olism. A common mutation (C677T) located on
the exon 4 has been identified in the MTHFR
gene lead to the amino acid replacement from
alanine to valine [13]. Several meta-analysis
have found similar results that C677T mutation
was associated with a higher risk of Venous
thromboembolism [14, 15]. So far, numerous
observational studies have reported the preva-
lence of MTHFR C677T mutation in patients
with IBD. A meta-analysis on genetic variants of
homocysteine metabolism pathway in IBD did
not find a relationship between MTHFR C677T
polymorphism and IBD risk [16]. Another meta-
analysis found deficient folate status is ass-
ociated with a higher impact of MTHFR C677T
polymorphism on IBD risk [17]. However, with
the publication of additional studies related
to this polymorphism, sufficient data were
available to perform a more comprehensive
meta-analysis.

Prothrombin is a robust enzyme usually pro-
duced in the liver in an inactive form of throm-
bin. It plays an important role in the coagula-
tion system by activating many clotting factors
and other elements like the blood platelets.
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mutation and IBD remains con-
troversial. Furthermore, there
is no firm conclusions made by
a meta-analysis up to now.

In order to obtain the most convinced esti-
mates of the prevalence of MTHFR C677T and
prothrombin G20210A mutation, and to evalu-
ate the risk of IBD associated with these two
inherited mutations therefore we conducted
the present meta-analysis.

Materials and methods
Search strategy

We searched PubMed for articles, with the last
search performed on Aug 30, 2016. Different
combinations of search terms: (Ulcerative coli-
tis OR UC OR Crohn’s disease OR CD OR
Inflammatory bowel diseases OR IBD) AND
(MTHFR OR C677T OR Factor Il OR Prothrom-
bin OR G20210A). We reviewed the reference
lists of the original publications by manual
search and review articles were also examin-
ed for additional eligible studies. If data were
published in more than one article, only the
study with the largest sample size was includ-
ed. The searched studies were no language
restrictions.

Inclusion and exclusion criteria

Eligible studies were selected based on the fol-
lowing criteria: (1) Evaluating the association
between the two mutations and IBD; (2) Case-
control or cohort or cross-sectional design for
human beings which included a comparison
group; (3) Supplying data like sample size, dis-
tribution of alleles, etc. (4) The control groups
were healthy subjects or patients without a his-
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Table 1. Characteristics of the studies on MTHFR C677T mutation and inflammatory bowel disease (IBD)

Genotyping Case/Control Strength of the
Author Year Country Ethnicity Disease Study design methods CT/TT cC Females  mean age evidence
(%) (years)
Mahmud 1999 Ireland Caucasian IBD Case-control PCR 102/145 72/128 56/56 39/35 7
Vecchi 2000 Italy Caucasian CD, UC Case-control PCR 66/139 36/56 48/48 42/41 8
Gue 'don a 2001 France Caucasian IBD Case-control PCR 37/43 21/41 Nr/60 31/36 6
Gue 'don b 2001 France Caucasian IBD Case-control PCR 6/52 8/58 Nr/71 41/49 6
Papa 2001 Italy Caucasian IBD Case-control PCR 43/108 21/87 30/38 40/30 8
Larsen 2002 Denmark Caucasian IBD Cross-sectional PCR 64/539 42/545 65/Nr 41/Nr 7
Nakano 2003 UK Caucasian IBD Cross-sectional PCR 27/23 16/23 44/46 14/10 6
Toruner 2004 Turkey Turkish CD, UC Case-control PCR 7/6 55/74 52/Nr 37/Nr 6
Herrlinger 2005 UK Caucasian CD, UC Case-control PCR 248/109 159/80 54/Nr 29/Nr 8
Stocco 2006 Italy Caucasian CD, UC Case-control PCR 68/92 24/38 53/Nr 15/Nr 7
Yilmaz 2006 Turkey Turkish IBD Case-control PCR 17/7 16/20 48/37 34/34 7
Yasa 2007 Turkey Turkish CD, ucC Case-control PCR 14/18 13/29 26/25 34/49 7
Bernstein 2007 Canada Mixed CD, UC Case-control Tagman 262/243 224/166 56/73 36/40 7
Koutroubakis a 2007 Greece Caucasian IBD Case-control PCR 29/28 31/26 37/Nr 49/47 7
Koutroubakis b 2007 Greece Caucasian IBD Case-control PCR 16/15 14/15 37/Nr 52/51 7
Banait 2008 India Asian ucC Case-control PCR 5/67 23/431 32/Nr 37/Nr 7
Chen 2008 China Asian uc Case-control PCR 104/127 64,/88 58/62 41/41 6
Biroulet 2008 France Caucasian CD Case-control PCR 79/142 61/106 62/Nr 39/35 7
Xu 2011 China Asian uc Case-control RFLP-PCR 148/394 126/332 40/45 43/45 7
Jiang 2012 China Asian uc Case-control RFLP-PCR 161/506  149/430 41/40 40/42 7
Senhaji 2013 Morocco Caucasian CD, UC Case-control RFLP-PCR 46/88 50/94 41/Nr Nr/Nr 6

IBD, inflammatory bowel disease; CD, Crohn’s disease; UC, ulcerative colitis; CT/TT, heterozygous or homozygous; CC, normal genotype; Nr, not reported. PCR, polymerase chain reaction; RFLP-PCR, restric-
tion fragment length polymorphism-polymerase chain reaction.
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Figure 2. Forest plot of the association between IBD and MTHFR C667T (A)
and prothrombin G20210A mutation (B). MTHFR indicates methylenetetrahy-

drofolate reductase; IBD, inflammatory bowel disease.

tory of IBD. Exclusion criteria: (1) no controls;
(2) duplicate publications; (3) reviews, com-
ments or animal studies; (4) studies that did
not provide usable data.

Data extraction
The following data were independently extract-

ed by two researchers (Lili Lu and Wei Wang)
from all eligible studies: last name of first
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ate quality =4-7; high quality
=8-11. If there was discrepan-
cies then it would be resolved
by discussion.

Statistical analysis

Data were entered into the STATA version 12.0
(Stata Corp, College Station, Texas). We com-
bined the heterozygous and homozygous pa-
tients as ‘polymorphism-positive’. The associa-
tion between the two mutations and the risk of
IBD was estimated by the odds ratio (OR) and
its 95% confidence interval (95% Cl). The Chi-
square based Q test and I? statistics were used

Int J Clin Exp Med 2017;10(5):7431-7442



Meta-analysis of MTHFRCG677T and prothrombin G20210A polymorphisms

Table 2. Characteristics of the studies on prothrombin G20210A mutation and inflammatory bowel
disease (IBD)

Case/Control

. ) . Genotypin Strength of
Author Year Country Ethnicity Disease Study design meth};pdsg GA/AA G Females Mean age the evi%ence
(%) (years)
Grip 2000 Sweden Caucasian IBD Case-control Nr o/7 11/92 50/59 53/64 6
Papa 2000 Italy Caucasian CD, UC Case-control PCR 1/4 51/152  31/31 42/37 8
Vecchi 2000 Italy Caucasian CD, UC Case-control PCR 2/3 91/198 48/48 42/41 8
Haslam 2001 UK Caucasian CD, UC Cohort PCR 0/4 39/96 Nr/Nr Nr/Nr 6
Gue 'don a 2001 France Caucasian IBD Case-control PCR 1/3 57/81 Nr/60 31/36 6
Gue 'don b 2001 France Caucasian IBD Case-control PCR 2/13 12/97 Nr/49 41/48 6
Larsen 2002 Denmark Caucasian IBD Cross-sectional PCR 1/10 105/490 65/Nr 41/Nr 7
Wong a 2003 UK Caucasian IBD Case-control Nr 7/2 76/96 Nr/Nr Nr/Nr 5
Wong b 2003 UK Caucasian IBD Case-control Nr 2/2 53/58 Nr/Nr Nr/Nr 5
Toruner 2004  Turkey Turkish CD, UC Case-control PCR 0/2 62/78 52/Nr 37/Nr 6
Spina 2005 Italy Caucasian CD, UC Case-control PCR 1/0 67/30 32/32 42/41 6
Mahmood 2005 UK Caucasian CD, UC Case-control PCR 4/12 43/82 52/47 42/38 7
Yilmaz 2006 Turkey Turkish IBD Case-control PCR 2/4 31/23 48/37 34/34 7
Yasa 2007  Turkey Turkish CD, UC Case-control PCR 2/0 25/47 26/25 34/49 7
Bernstein 2007 Canada Mixed CD,UC  Case-control Tagman 8/5 484/407 56/73 36/40 7
Koutroubakisa 2007 Greece Caucasian IBD Case-control PCR 3/1 57/53 37/Nr 49/47 7
Koutroubakis b 2007 Greece Caucasian IBD Case-control PCR 3/4 30/26 37/Nr 51/51 7

IBD, inflammatory bowel disease; CD, Crohn’s disease; UC, ulcerative colitis; GA/AA, heterozygous or homozygous ; GG, normal genotype; Nr, not reported. PCR, polymerase

chain reaction.

to test the heterogeneity among studies [22].
When P<0.10, or I>>50 % indicated evidence of
heterogeneity, a random effect model was
used to estimate the summary ORs; whereas
the fixed-effects model was used [23, 24]. The
meta-analysis consisted of the overall analysis
which includes all available data concerning
IBD. Then, meta-analyses for CD and UC were
performed separately. Subgroup analyses were
conducted based on ethnicity. Potential publi-
cation bias was evaluated by the Begg test for
funnel plot [25] and Egger regression test
asymmetry [26], P<0.05 was considered statis-
tically significant. Sensitivity analysis was used
for assessing the stability of the results by
deleting one single study each time to examine
the influence of single data.

Results
Study characteristics

After a comprehensive literature searched in
PubMed, 38 articles about IBD and MTHFR
C677T mutation along with 29 articles about
IBD and prothrombin G20210A mutation poten-
tially met inclusion criteria and were retrieved
for detailed review. Additionally, one study for
MTHFR C677T mutation and three studies for
prothrombin G20210A mutation were identified
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by manually reviewing the references of the eli-
gible articles retrieved. The detailed selection
process are described in Figure 1. Finally, 19
articles [27-45] about IBD and MTHFR C677T
mutation, and 14 articles [28-35, 46-51] about
IBD and Prothrombin G20210A mutation met
our eligibility criteria were included in the meta-
analysis. Among the 19 articles about IBD and
MTHFR C677T mutation, two [33, 37] were
cross-sectional studies and 17 were case-con-
trol studies. The articles about IBD and Pro-
thrombin G20210A mutation were one [33]
cross-sectional study and onecohort study
[50], the remaining were all case-control stud-
ies. All included studies were published in
English, except one [43] in Chinese. Strength of
the evidence scores for the each study ranged
from 5 to 8, all the studies being classified as
moderate quality.

MTHFR C677T gene mutation

The 19 studies involving 2774 cases and 5758
controls were assessed for the association
between MTHFR C677T gene mutation and IBD
risk. The main baseline characteristics of eligi-
ble studies were summarized in Table 1. There
was no significant heterogeneity between the
studies (1?°=13.3%, P=0.285), thus fixed-effects

Int J Clin Exp Med 2017;10(5):7431-7442
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Figure 3. Funnel plots with and without trim and fill to detect publication bias
for the association between MTHFR C677T (A) and prothrombin G20210A
mutation (B) and the risk of IBD. MTHFR indicates methylenetetrahydrofolate

reductase; IBD, inflammatory bowel disease.

model was used. In the overall analysis, the
MTHFR C677T mutation was not significantly
associated with increased risk of IBD (OR=1.06,
95% Cl 1.07-1.17). More specifically, in two
studies [33, 34] the prevalence of the MTHFR
677T allele was was marginally higher in cases
than in controls, and in the remaining study the
prevalence was similar between cases and
controls (Figure 2A). Only two studies [35, 39]
involved children, the remaining were per-
formed in adult populations (Table 2). Begg fun-
nel plot and Egger test were performed to
assess publication bias. The results of Begg's
funnel plot (P=0.139) suggested no statistical
evidence for publication bias, but based on the
results of Egger’'s regression test, statistical
significance for funnel plot asymmetry was pro-
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vided (P=0.010). After a trim
and fill method was imple-
mented under fixed effects
models (Figure 3A) we found
there was not sharp asymme-
try in funnel plot. In addition,
pooled estimates were un-
changed, indicating the re-
sults were statistically valid.

Taking into account the diff-
erences of races, we per-
formed subgroup analyses
based on ethnicity. Eleven
studies contained thirteen
researches from Caucasian
populations were further ana-
lyzed, no significant heteroge-
neity was found in the results
of the nine studies (1?°=0.0%,
P=0.587). The summary OR
showed that MTHFR C677T
gene mutation was significa-
ntly associated with increas-
ed risk of IBD in Caucasians
(OR=1.17, 95% CI 1.01-1.35)
(Figure 4). This analysis was
conducted using the fixed
effects model. Similarly, three
studies from Turkish popula-
tions showed there was a sta-
tistical significance between
MTHFR C677T mutation and
the risk of IBD (OR=2.01, 95%
Cl 1.10-3.69). There was also
no significant heterogeneity
exist in the three studies
(>=0.0%, P=0.667). However,
no significant association was found in other
populations.

As two types of IBD, UC and CD have their own
characteristics, and their genetic information
might differ [52]. Among the 19 studies we
analyzed, eight studies [28-31, 38, 39, 42, 45]
detected the frequency of the MTHFR C677T
mutation in CD and eleven studies [28-31,
38-41, 43-45] in UC separately. Regarding the
relationship between the C677T polymorphism
and CD, overall, the allele contrast showed lack
of heterogeneity between studies (1°=19.4%,
P=0.276) with the association being non-signif-
icant (OR=0.79, 95% CI 0.81-1.15). In investi-
gating the association between C677T and UC,
overall, the allele contrast showed non-signifi-
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Figure 4. Association of MTHFR C677T mutation with risk of IBD in Cauca-
sian Turkish populations. MTHFR indicates methylenetetrahydrofolate reduc-

tase; IBD, inflammatory bowel disease.

Table 3. Risk and P for heterogeneity of stratified analy-
sis on MTHFR C677T mutation and inflammatory bowel

disease (IBD)

The summary OR showed
a slight but not significant
increase in risk of IBD with
prothrombin G20210A gene
mutation (OR=0.66, 95% CI
0.65-1.50) (Figure 2B). More
specifically, in all studies, the
prevalence of the prothrom-
bin 20210A allele was found
to be similar between cases
and controls. Similarly, no sig-
nificant association was ob-
served in the stratified analy-
sis of ethnicity either (Table
4). The symmetric funnel plot
(Figure 3B) suggested there
was no obvious publication
bias and Egger's test also
showed no statistical signifi-
cance for the detection of
publication bias (P=0.739).

Among the 14 studies we
analyzed, eight studies [28-

31, 48-51] detected the frequency of
the prothrombin G20210A mutation

in CD or UC separately. Regarding the

No. of
studies

Summary OR

Category of studies (95% Cl)

heterogeneity

P for

Risk in all population 19 1.06 (0.96, 1.17)

Risk in Caucasian 11 1.17 (1.01, 1.35)
Risk in Turkish 3 2.01 (1.10, 3.69)
Risk in Child-onset 2 1.32(0.81, 2.16)
Risk in CD 8 0.97 (0.81, 1.15)
Risk in UC 11 0.92(0.80, 1.05)
Risk in Thrombosis 2 0.99 (0.47, 2.10)

0.285
0.587
0.667

relationship between the G20210A
mutation and CD, overall, the allele
contrast showed lack of heterogeneity
between studies (I°=7.8%, P=0.369)
with the association being non-signifi-

cant (OR=1.24, 95% Cl 0.63-2.43). In
investigating the association between

0.489
0.276
0.488
0.686

IBD, inflammatory bowel disease; CD, Crohn’s disease; UC, ulcerative

colitis; OR, Odds ratio; Cl, Confidence interval.

cant heterogeneity (1>=0.0%, P=0.488) and the
risk effect was non-significant (OR=0.92, 95%
Cl 0.80-1.05). Subgroup analysis for ethnicity
showed similar results to the overall analysis
for both CD and UC.

Prothrombin G20210A gene mutation

The 14 studies with a total of 1330 cases and
2182 controls examining the the association
between prothrombin G20210A gene mutation
and IBD risk. The main baseline characteristics
of eligible studies were summarized in Table 3.
No evidence of heterogeneity was observed
(>=0%, P=0.785), so using fixed-effects model.
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G20210A and UC, overall, the allele
contrast showed non-significant het-
erogeneity (1>=0.0%, P=0.957,) and
the risk effect was non-significant

(OR=1.06, 95% CI 1.01-2.31). Sub-
group analysis for Caucasians showed
similar results to the overall analysis for both

CD and UC.

Sensitivity analyses

When we performed a sensitivity analysis
through leaving out one study at a time, the
overall results were not materially affected
(Figure 5). So, results of the sensitivity analy-
ses indicated that our results are credible and

stable.

Discussion

With the first reported of thromboembolism
complicating IBD in 1936 by Bargen et al [1],
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Table 4. Risk and P for heterogeneity of stratified analysis on
prothrombin G20210A mutation and inflammatory bowel disease
(IBD)

Category of studies s’;‘;’ai‘:s Summary OR (95% Cl) hetefofg‘;rneity
Risk in all population 14 0.99 (0.65, 1.50) 0.785
Risk in Caucasian 11 0.98 (0.60, 1.59) 0.849
Risk in Turkish 3 0.78 (0.25, 2.48) 0.157
Risk in CD 8 1.24 (0.63, 2.43) 0.369
Risk in UC 8 1.06 (0.49, 2.31) 0.957
Risk in Thrombosis 3 0.93(0.35, 2.51) 0.841

IBD, inflammatory bowel disease; CD, Crohn’s disease; UC, ulcerative colitis; OR,
Odds ratio; Cl, Confidence interval.

A Meta-analysis estimates, given named study is omitted
Lower CI Limit O Estimate Upper CI Limit

Mahmud (1999)
Vecchi (2000)
Gue'don a (2001) { 0
Gue'don b (2001) [ p
Papa (2001) | | 04
Larsen (2002)
Nakano (2003)
Toruner (2004)
Herrlinger (2005) | o
Stocco (2006) 1 a
Yilmaz (2006) | o-|
Yasa (2007) | o
Bernstein (2007) |
Koutroubakis a (2007) |
Koutroubakis b (2007) @ |
Banait (2008) | a |
Chen (2008) I-{ o| |
Biroulet (2008) I o |
Xu (2011) l-©
Jiang (2012) | { o}
Senhaji (2013) o

0.93 0.96 1.06 1.147 1.24

B Meta-analysis estimates, given named study is omitted
Lower CI Limit O Estimate Upper CI Limit
Grip (2000)
Papa (2000) |

Vecchi (2000)
Haslam (2001)
Guedon a (2001)
Guedon b (2001) 1 ol |
Larsen (2002) o |
Wong a (2003) |
Wong b (2003)
Toruner (2004) |
Mahmood (2005) a |
Spina (2005) )
Yilmaz (2006)
Yasa (2007)
Bernstein (2007)
Koutroubakis a (2007) o
Koutroubakis b (2007) ] lo

0.55 0.65 0.99 1.50 1.66

Figure 5. Sensitivity analysis of the association between IBD and MTHFR
C677T (A) and prothrombin G20210A mutation (B). MTHFR indicates methy-
lenetetrahydrofolate reductase; IBD, inflammatory bowel disease.

this strong association has
been unclear. Furthermore, it
has been supposed that IBD
may be a primary inflammato-
ry vascular or thrombogenic
disease and that gene muta-
tions may underlie both the
risk for venous thrombosis
and the disease itself. Alth-
ough the aetiology of IBD is
currently unknown, it is well
established that genetic pre-
disposition plays a key role in
IBD pathogenesis. Many stud-
ies examining for a gene in
methionine-homocysteine
metabolism and clotting fac-
tor gene mutations, which
may be related to IBD.

MTHFR C677T polymorphism
is the most common genetic
cause of hyperhomocystein-
emia. Due to the accumula-
tion of homocysteine in the
circulation, hyperhomocyste-
inaemia has became a well-
known risk factor for venous
thrombosis in the general
population [53] and a poten-
tial contributor to the incre-
ased thrombotic risk in pa-
tients with IBD [54]. As a fu-
nctional polymorphism link-
ed to homocysteine metaboli-
sm, previous studies report-
ed MTHFR 677TT carriers
with lower plasma folate lev-
els are at risk for increased
plasma homocysteine levels
[55, 56]. Upon Zintzaras fail-
ed in finding association of
this polymorphism with IBD
[16], recent meta-analysis
[17] assessed the impact of
MTHFR C677T polymorphism
on IBD risk according to plas-
ma folate concentration, they
found the IBD risk associated
with MTHFR 677TT genotype
was significantly higher in pa-
tients with low folate sta-
tus (OR=2.64; 95% Cl, 1.44-

more evidence has proven that IBD is associ- 4.81). Th-ereafter, Xu [43] and lJiang [44] con-
ated with venous thrombosis. The cause for tinued examining the magnitude of association
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between MTHFR C677T mutation and IBD
respectively. Senhaji et al [45] reported that
C677T mutation associated with a decrease in
enzyme activity seemed not to be significantly
associated with the primary risk of inflamma-
tory bowel disease or with its phenotype in the
Moroccan population. Although the overall
analysis of our study showed the MTHFR C677T
mutation was not significantly associated with
an increased risk of IBD. Interestingly, the fre-
quency of MTHFR C677T mutation depended
on the geographical location and the ethnic
background of the population. Therefore, we
performed a subgroup analysis based on the
different ethnicity. The nine studies enrolled
participants from the Caucasians region, the
pooled OR indicated that MTHFR C677T muta-
tion was more common in patients with IBD
than control subjects, suggesting a strong
association between IBD and MTHFR C677T
mutation in Caucasians and Turkish, so routine
screening for MTHFR C677T mutation was
potentially warranted in clinical practice in
these populations. Limited by the data that pre-
sented the number of UC and CD subjects sep-
arately, we could not perform a stratified meta-
analysis in all the 19 studies. Thus, we suggest
that the risk for UC or CD separately with
MTHFR C677T mutation is not equal to the risk
for IBD in general.

On the other hand, as one of the most impor-
tant hereditary prothrombotic factors in the
general population, Presence of this mutation
is found at a similar prevalence in IBD patients
as well as in IBD patients with thrombosis. Our
study did not result to be statistically significant
associated with an elevated risk of patients
with IBD, suggesting no association between
IBD and prothrombin G20210A mutation.
Several studies did not find prothrombin
G20210A mutation in IBD cases [29, 46, 50]
and healthy population [30, 51]. We speculate
this difference may be caused due to environ-
mental factors, and genetic changes can not
play pathogenic roles individually in determin-
ing the risk of IBD. Result of this analysis may
be due to the small number of included patients
and the variation of geographic distribution.
Therefore, our results should be interpreted
with caution. In addition, further case-control
studies should be actively performed to explore
the relationship between prothrombin G20210A
mutation and IBD in larger numbers.
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Some investigators have tried to establish a
correlation between the pathogenesis of the
disease and thromboembolism (TE). Our study
compared these two inherited mutations rates
among two comparisons, one is IBD group with-
out TE complications compared with control HC
group, the other is IBD group with TE comp-
lications compared with control non-IBD group
with TE complications. Two studies [32, 35] of
MTHFR C677T mutation and three studies [32,
35, 47] of prothrombin G20210A mutation
compared mutation rates among these two
comparisons respectively. However, pooled
estimates were all similar to the overall results.

To some extent, our meta-analysis has the fol-
lowing advantages: Firstly, this is the first meta-
analysis to investigate the association between
the prothrombin G20210A mutation and IBD
susceptibility. Secondly, we had a strict selec-
tion and exclusion criteria and all the included
articles possessed a high quality. Thirdly, sub-
group analyses based on ethnicity and type of
disease were conducted respectively to com-
prehend the association thoroughly. Fourthly,
there was no heterogeneity exist in the present
analysis. Finally, we executed sensitivity analy-
sis to evaluate stabilization of pooled data,
results suggested that the conclusion of this
meta-analysis were statistically robust.

Every coin has its two sides, some limitations of
our study need to be taken into consideration
which resulting from the availability, quality,
and heterogeneity of the published data. Firstly,
due to the limited information in the included
studies we were unable to obtain sufficient
data to perform appropriate stratified analyses,
such as gender, age, smoking status, clinical
phenotype, et al. Secondly, the majority of the
studies that examined the relationship between
prothrombin G20210A mutation and IBD were
conducted before 2007, so there might be a
bias and our results should be extrapolated
with caution. Thirdly, significant publication
bias was detected in this meta-analysis which
might be the results of null studies tend not to
be easier to publish and this might had the
potential to influence the results of this meta-
analysis. Fourthly, there were only two studies
that examined the relationship between MTHFR
C677T and child-onset IBD. As a result, the
small sample size available was not ideal for
detecting small genetic effects. Finally, we

Int J Clin Exp Med 2017;10(5):7431-7442
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could not identify the gene-gene and gene-envi-
ronment interactions in this study.

In conclusion, this meta-analysis demonstrated
that IBD patients had higher risk of than con-
trols. MTHFR C677T mutation was significantly
associated with the risk of IBD in Caucasian
and Turkish population. However, no significant
association was found between IBD and pro-
thrombin G20210A mutation. Nevertheless,
large-scale well designed studies are neces-
sary to be conducted to further confirm or
refute the observed association.
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