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Abstract An increasing body of evidence has shown that the
amino acid changes at position 1298 might eliminate methy-
lenetetrahydrofolate reductase (MTHFR) enzyme activity,
leading to insufficient folic acid and subsequent human chro-
mosome breakage. Epidemiological studies have linked
MTHFR single-nucleotide polymorphism (SNP) rs1801131
to myeloid leukemia risk, with considerable discrepancy in
their results. We therefore were prompted to clarify this issue
by use of a meta-analysis. The search terms were used to cover
the possible reports in the MEDLINE, Web of Knowledge,
and China National Knowledge Infrastructure (CNKI) data-
bases. Odds ratios were estimated to assess the association of
SNP rs1801131 with myeloid leukemia risk. Statistical het-
erogeneity was detected using the Q-statistic and I2 metric.
Subgroup analysis was performed by ethnicity, histological
subtype, and Hardy-Weinberg equilibrium (HWE). This meta-
analysis of eight publications with a total of 1,114 cases and
3,227 controls revealed no global association. Nor did the
subgroup analysis according to histological subtype and
HWE show any significant associations. However, Asian
individuals who harbored the CC genotype were found to
have 1.66-fold higher risk of myeloid leukemia (odds ratio,
1.66; 95 % confidence interval, 1.10 to 2.49; Ph=0.342; I

2=
0.114). Our meta-analysis has presented evidence supporting
a possible association between the CC genotype of MTHFR
SNP rs1801131 and myeloid leukemia in Asian populations.
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Introduction

Leukemia commonly diagnosed in childhood is a complex
and heterogeneous disease arising as a consequence of the
irreversible genetic lesions in initially normal hematopoietic
cells [1]. Acute myeloid leukemia (AML) characterized by
gross chromosomal abnormalities, particularly translocations
of inversions [2, 3], represents one major type of myeloid
leukemia. Chronic myeloid leukemia (CML), another primary
form of myeloid leukemia, is a mature hematologic malignan-
cy with two notable properties: reciprocal translocation and
subsequent BCR-ABL fusion transcript [4]. Most of the etiol-
ogy of AML and CML remains unknown, though exposure to
benzene, chemotherapy, and ionizing radiation that may cause
chromosomal breakage are being considered as etiological
factors [5]. There has been extensive research on the role of
inherited susceptibility due to epidemiological data on an
association between methylenetetrahydrofolate reductase
(MTHFR) gene single-nucleotide polymorphisms (SNPs)
and increased risk of leukemia in both children and adults [6].

MTHFR is a mediator of homocysteine levels and folate,
an essential component in the process of nucleotide synthesis.
Lack of folate results in misincorporation of uracil into human
DNA during replication, and this may cause DNA and chro-
mosome breakage consequently [7, 8], while sufficient folate
maintains cellular differentiation in a normal condition, for
example, the replication of hematopoietic cells. Effective
metabolism of folic acid requires the enzyme MTHFR
that converts 5,10-methylenetetrahydrofolate into 5-
methyltetrahydrofolate, the primary form of serum folate [7].
Mutation in the MTHFR gene could diminish the enzyme
activity and decrease plasma folate levels and thereby initiates
many common disorders [9].

The gene coding theMTHFR enzyme is located at the short
(p) arm of chromosome 1 at position 36.3 [10]. Genetic
polymorphisms in the MTHFR gene have been reported to
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reduce enzyme activities, thus influencing folate metabolism
[11]. A common SNP (rs1801131, Glu429Ala) with an amino
acid change from glutamate to alanine (A→C) has been
identified in exon 7 of the MTHFR gene. This polymorphism
is related to lower enzyme activity, and homozygotes have
around 60 % of activity in lymphocytes compared to controls
[12]. Studies of genetic association in the past decade have
extensively examined the effects of SNP rs1801131 on mye-
loid leukemia risk [13–16]. However, replications of the re-
ported association have been mixed, indicating that it is of
importance to conduct a study with strong statistical power to
identify the high-risk individuals. In the present study, we
performed a meta-analysis to quantitatively assess the associ-
ation between SNP rs1801131 and myeloid leukemia risk.

Materials and methods

Search strategy and selection criteria

Using the keywords polymorphism, polymorphisms, methy-
lenetetrahydrofolate reductase, MTHFR, and myeloid leuke-
mia, we carried out electronic searches in theMEDLINE,Web
of Knowledge, and China National Knowledge Infrastructure
(CNKI) databases to cover the relevant reports published prior
to Jan. 31, 2014. The computer-based searches were supple-
mented by manual searches of the references cited in original
articles. We used no language restrictions. Two investigators
screened all articles to evaluate their eligibility. The case–
control studies were considered eligible if the authors estimat-
ed risk of myeloid leukemia associated with the presence of
SNP rs1801131 and provided detailed genotype data that
could assist to calculate odds ratios.

Data extraction

Data were independently extracted by the same two investi-
gators and then checked by the third investigator. Discrepan-
cies were resolved through discussion. Information including
the first author’s last name, year of publication, study country,
ethnicity and age of the populations studied, subtypes of
myeloid leukemia (AML or CML), minor allele frequency
(MAF) of cases and controls, and genotype numbers was
extracted from each study.

Statistical analysis

The association between SNP rs1801131 and myeloid leuke-
mia risk (odds ratios) was examined assuming diverse genetic
models (homozygous, heterozygous, dominant, recessive, and
allele model). Heterogeneity was determined using the Q-
statistic. p<.05 indicated heterogeneous results. In addition,
I2 metric that takes values between 0 and 100 % was used to

quantify the heterogeneity across studies, with higher values
indicating larger heterogeneity (no heterogeneity 0–25 %,
moderate heterogeneity 25–50 %, large heterogeneity 50–
75 %, and extreme heterogeneity 75–100 %) [17]. When
substantial heterogeneity was suggested, the random effects
(RE) model (DerSimonian and Laird) was preferably used to
estimate the pooled odds ratios and vice versa [18, 19]. Funnel
plots described by Begg and the liner regression test described
by Egger were performed to test the publication bias [20, 21].
Departure from Hardy-Weinberg equilibrium (HWE) was
checked using Pearson’s Χ2 test. Sensitivity analysis was
performed by deleting the studies with HWE deviation to
examine their effects on the overall estimates. Stratified anal-
ysis was also performed according to histological subtype,
ethnicity, and HWE. All statistical data were analyzed using
Stata software (version 12.0, StataCorp LP, College Station,
TX, USA), with p values<.05 being considered statistically
significant.

Results

Eligible studies

As shown in Fig. 1, the electronic searches yielded a total of
81 relevant reports. Seventy-five articles that failed tomeet the
pre-described inclusion criteria were excluded after screening
the titles, abstracts, and full-texts. Through manual search, we
identified two additional articles. This meta-analysis therefore
included eight articles involving 10 subpopulations [13–16,
22–25], as two articles provided more than one independent
population [15, 16]. Of the studies published between 1999
and 2014, six studies focused on AML and the remainders on
CML. Both adults and children were combined in this analy-
sis. As for ethnicity, Asian was investigated in most of the
studies, accounting for 60 %.MAF distribution between cases
and controls was similar in each study. All studies, except for
Lordelo et al. and Zheng et al., were all consistent with HWE
(Table 1).

Meta-analysis results

Meta-analysis of the association between SNP rs1801131 and
myeloid leukemia risk included 10 studies with a total of
1,114 cases and 3,227 controls. As shown in Table 2, the
genotypes of SNP rs1801131 showed no global association
with risk of myeloid leukemia. Likewise, we did not find any
statistical evidence indicating a significant association when
stratifying the pooled data according to histological subtype
and HWE. However, it is interesting that in the subgroup of
Asian populations, the recessive model provided an odds ratio
of 1.66 (95 % confidence interval, 1.10 to 2.49; Ph=0.342;
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I2=0.114) (Fig. 2, Table 2), suggesting that the Asian individ-
uals carrying the CC genotype were at higher risk of myeloid
leukemia relative to the individuals carrying both AC and AA
genotypes.

Sensitivity analysis by deleting the studies inconsistent
with HWE showed no substantial influence on the overall
results (figure not shown). The funnel plots and Egger’s test
did not detect any significant publication bias in this meta-
analysis. Figure 3 shows the funnel plots of the recessive
model (p=0.452).

Discussion

As a result of the availability of SNPs and advances in
genotyping methods, there has been a sharp rise in the number
of published genetic association studies (GAS) in recent years.
Most of these GAS, however, are characterized by a relative
sample size, nonhomogeneous populations, and distinct eth-
nic groups and usually underestimate the true associations
[26]. Meta-analysis as a quantitative method has strong detec-
tion power in determining the genetic association of

functionally important SNPs and common diseases. Herein,
we chose to perform a meta-analysis in an effort to derive a
precise estimation of the association between SNP rs1801131
and myeloid leukemia risk. In the analysis of 4,342 unique
subjects from eight publications, we found that the presence of
SNP rs1801131 was not correlated with the development of
myeloid leukemia. A similar story was revealed in stratified
analysis according to histological subtype and HWE. Howev-
er, it is interesting that further subgroup analysis by ethnicity
showed statistical evidence of a significant association be-
tween the carriage of CC genotype and increased risk of
myeloid leukemia in Asians. Due to the limited number of
Asian subjects analyzed (585 patients and 2,157 controls),
these findings merit further investigation.

Since the genotypes of SNP rs1801131 were shown to not
have any associations with adult AML and folate inadequacy
may not play a critical role in the progression of the common
leukemia [13], SNP rs1801131 has been of special interest for
the studies of molecular epidemiology. A subsequent replica-
tion of 496 individuals representing Caucasian ethnicity re-
ported that the AC genotype was linked to an approximately
3-fold increased risk of childhood AML [14]. Such inconsis-
tent evidence can similarly be seen in the Asian studies. Hur

Fig. 1 A flow diagram of
included and excluded studies

Table 1 Summary characteristics of the studies considered in the meta-analysis

First author-year Country of origin Ethnicity Age Subtypes Cases/controls MAF cases/controls HWE

Skibola-1999 UK Caucasian Adult AML 220/362 0.327/0.327 Y

da Costa-2006 Brazil Caucasian Children AML 182/315 0.258/0.231 Y

Hur-2006 Korea Asian Mixed AML 55/200 0.227/0.225 Y

Hur-2006 Korea Asian Mixed CML 40/200 0.137/0.225 Y

Moon-2007 Korea Asian Mixed AML 200/434 0.172/0.154 Y

Moon-2007 Korea Asian Mixed CML 115/434 0.213/0.154 Y

Lightfoot-2010 UK Asian Children AML 78/759 0.307/0.320 Y

Lordelo-2012 Brazil Caucasian Adult CML 105/273 0.214/0.302 N

Zheng-2013 China Caucasian Children AML 22/120 0.159/0.154 N

Khorshied-2014 Egypt Asian Adult CML 97/130 0.252/0.326 Y

AML acute myeloid leukemia, CML chronic myeloid leukemia, MAF minor allele frequency, HWE Hardy-Weinberg equilibrium
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et al. genotyped 396 individuals and found a significant de-
crease in risk of CML [15], while a completely different result
suggesting an increased risk of CML was implicated in a
larger replication study [16]. These small-sampled GAS of
individuals representing distinct ethnicities may be underpow-
ered to detect the real associations, befuddling later re-
searchers consequently. With a view of this, we performed a
meta-analysis and determined that SNP rs1801131 was asso-
ciated with significantly increased risk of myeloid leukemia
among Asians, suggesting that this SNP may be a potential
biomarker for myeloid leukemia.

Nevertheless, accumulating evidence has well documented
high incidence of myeloid leukemia in both children and adults,
with either Caucasian or Asian ancestry [27–29]. Inconsistent
with the earlier reports, our meta-analysis showed a significant
association only in Asian populations. There are several plau-
sible explanations. Although amino acid changes in the SNP
rs1801131 at position 1298 possibly cause elimination of the
MTHFR enzyme activity and subsequent insufficient folic acid
[12, 30], this insufficiency has been suggested to confer no
substantial effects on the development of myeloid leukemia
[13]. Moreover, a recent meta-analysis clarified whether SNP

Fig. 2 Meta-analysis with the
fixed effects model for the
association between risk of
myeloid leukemia and the
MTHFR SNP rs1801131
(recessive model) is illustrated in
a subgroup analysis according to
ethnicity. OR corresponds to odds
ratio; CI confidence interval

Fig. 3 Egger’s test and Begg’s
test for publication bias (model:
recessive model)

Tumor Biol. (2014) 35:8913–8919 8917



rs1801131 played a major role in acute lymphoblastic leukemia
(ALL), with statistical evidence of no effect modification of
ALL risk either in adults or in children [31]. Yan et al. carried
out a quantitative assessment almost at the same time and
presented evidence supporting that SNP rs1801131 did not
have an effect on childhood ALL risk [32]. AML, CML, and
ALL are major forms of leukemia [33], and the SNP rs1801131
is very likely to confer similar effects on these common dis-
eases. According to the data aforementioned, we can presume
that SNP rs1801131 may not represent a risk factor for AML
and CML. Considering the sample inadequacy, the findings of
our analysis should be treated as preliminary and are worthy of
further validation in future larger studies.

In addition to the small sample size, two other limitations
should be addressed. First, publication bias arises when small
studies are included and the forthcoming publications are not
identified. In this analysis, we selected studies without a limi-
tation on a minimum of sample size and failed to identify the
unpublished studies, making publication bias possible. But, the
overall results were not affected according to the analytical
tools. Second, genetic variation has been thought to be a cause
of many leukemia subtypes; AML and CML nevertheless are
multifactorial diseases, and it is likely that gene-to-gene and
gene-to-environment interactions are important components in
the process of leukemia. Lack of original data did not permit
further analysis on common confounders, such as sex, dietary
patterns, and exposure to environmental carcinogens.

To the best of our knowledge, this is the first meta-analysis
on the association of SNP rs1801131 with myeloid leukemia
risk. The results revealed that the Asians harboring the CC
genotype had higher risk to develop myeloid leukemia. To
validate this finding, future studies with a very large number
of subjects are required.
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