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ABSTR ACT: Inconsistency in the reported associations between the A66G polymorphism in the methionine synthase reductase (MTRR) gene and 
colorectal cancer (CRC) prompted a meta-analysis, so that we could obtain a more precise estimate. Databases searches of the published literature yielded 
20  case–control studies from 17 articles (8,371 cases and 12,574 controls). We calculated pooled odds ratios (ORs) and 95% confidence intervals in 
three genetic comparisons (A allele, G allele, and A/G genotype). We found no evidence of overall associations between MTRR A66G and CRC risk 
(OR 0.96–1.05, P = 0.12–0.44). This was materially unchanged when reanalyzed without the Hardy–Weinberg equilibrium (HWE)-deviating studies 
(OR 0.97–1.06, P = 0.11–0.65). In the A allele comparison, however, outlier treatment generated significant protection (OR 0.91, P = 0.01). Combined 
removal of the outliers and HWE-deviating studies reflected this summary effect (OR 0.90, P = 0.01) as did the pooled OR from high-quality studies 
(OR 0.90, P = 0.01). Only the Asian subgroup showed significant (both at P = 0.05) A allele (OR 1.13) and A/G genotype (OR 0.88) associations. In con-
clusion, post-outlier A allele effects were protective. Our study also suggests ethnic-specific associations with Asian susceptibility and protection in the A 
allele and A/G genotype comparisons, respectively. Folate status showed no association of this polymorphism with CRC.
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Introduction
Colorectal cancer (CRC) is one of the most common cancer 
types in the world.1 The majority of CRC cases are sporadic, 
that is, absence of genetic predisposition or family history.2 This 
indicates that modifiable risk factors (lifestyle and nutrition) 
are strongly related to disease development. Contributing fac-
tors for CRC progression include inflammation3,4 and inflam-
matory bowel disease.5 These are thought to have genetic and 
acquired factors. However, genetic predisposition is crucial to 
CRC susceptibility.6 Over the past decade, the role of folate and 
genetic polymorphisms of enzymes involved in its metabolism 
has attracted considerable interest in epidemiological research 
on this cancer type.7 Folate and methionine metabolisms are 
essential in DNA synthesis, repair, and methylation, and 
abnormalities in these processes (due to alterations in enzyme 
functions) are implicated in colorectal carcinogenesis.7,8 The 
role of genetic polymorphisms in the folate metabolic path-
way has not yet been fully evaluated for association with 
the risk of CRC. Methionine synthase reductase (MTRR) 

is essential for providing methyl groups, and it is likely that 
enzymatic variants due to functional polymorphisms may 
alter DNA methylation, with subsequent impact on carci-
nogenesis.9 A genetic polymorphism at nucleotide 66 (A–G) 
of the MTRR gene (rs1801394), located in chromosome 
5p15.2–15.3,10 results in the substitution of isoleucine with 
methionine at codon 22 (I22M).11 MTRR restores the activity 
of methionine synthase (MTR) enzyme and plays an essential 
role in the folate and vitamin B12-dependent remethylation 
of homocysteine to methionine. Under conditions of adequate 
methionine, approximately 40% of homocysteine is remethyl-
ated to methionine through the activity of these enzymes.12

The role of folate spans a spectrum of effects on the etiol-
ogy of CRC.13 Although studies have shown that high folate 
levels elicit reduced the risk of CRC,14,15 others have suggested 
that high folate intake might increase the risk of CRC in per-
sons harboring premalignant lesions.16,17 On the other end of 
the spectrum, low folate levels have also been reported to be 
associated with both increased18 and decreased risks19 of CRC.

Journal name: Biomarkers in Cancer

Journal type: Review

Year: 2015

Volume: 7(S2)

Running head verso: Pabalan et al

Running head recto: A66G methionine synthase reductase polymorphism in colorectal cancer

http://www.la-press.com/biomarkers-in-cancer-journal-j154
http://www.la-press.com
http://dx.doi.org/10.4137/BIC.S25251
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
mailto:npabalan@alumni.yorku.ca
http://www.la-press.com
http://www.la-press.com/biomarkers-in-cancer-journal-j154


Pabalan et al

22 Biomarkers in CanCer 2015:7(s1)

Association data for the MTRR A66G polymorphism and 
its effect on the risk of CRC have remained inconsistent.20–26 
Two recent meta-analyses have not exactly concurred in 
their findings; one failed to find any significant association27 
between MTRR A66G and CRC and the other28 found the 
G allele might increase Caucasian risk. This prompted us to 
perform a meta-analysis to obtain more precise estimates.

Materials and Methods
Selection of studies. We searched MEDLINE using 

PubMed and ScienceDirect for association studies as of 
July  11, 2015. The terms used were “methionine synthase 
reductase,” “MTRR,” “polymorphism,” “colorectal,” “colon,” 
and “rectal” as medical subject heading and text, unrestricted 
by language. References cited in the retrieved articles were 
also screened manually to identify additional eligible studies. 
Inclusion criteria were (1) case–control study evaluating the 
association between MTRR polymorphisms and CRC risk 
and (2) sufficient genotype frequency data presented to calcu-
late the odds ratios (ORs) and 95% confidence intervals (CIs).

Data extraction and calculations. Two investiga-
tors independently extracted data and reached consensus 
on all the items. The following information were obtained 
from each publication: first author’s name, published year, 

country of origin, ethnicity, sources of controls, sample sizes, 
used matching, addressed the Hardy–Weinberg equilibrium 
(HWE), genotyping platform, number of cases and controls, 
and genotype frequencies. We performed two calculations: (1) 
to determine the statistical power of the each study assuming 
an OR of 1.5 at a genotypic risk level of = 0.05 (two sided), 
power was considered adequate at $80% (Table 1); (2) to 
determine deviations from HWE and found them in two 
studies (Supplementary Table 1).23,29

Quality assessment of the studies. The Newcastle–
Ottawa Scale (NOS)30 was used to assess the methodologi-
cal quality of the included studies. These studies were judged 
based on three broad perspectives: selection, comparability, 
and exposure in case–control studies. The star rating system 
has scores ranging from zero (worst) to 9 (best). Scores of 5–6 
and $7 stars indicate moderate and high quality, respectively.

Meta-analysis. Risks (OR) of CRC with the A66G 
MTRR polymorphisms were estimated for each study. Fre-
quency of the G allele is minor in 1022–25,31–34 of the 19 studies 
but not in nine21,25,29,35–39 of them where the A allele is minor. 
Given non-uniformity of the minor allele frequency across the 
studies, we thus compared the following for A66G: (i) G allele 
with A/G-A/A genotype, (ii) A allele with A/G-G/G geno-
type, and (iii) A/G genotype with homozygous A/A and G/G 

Table 1. Characteristics of studies of the a66G polymorphism in the MTRR gene and its association with colorectal cancer.

FIRST AUTHOR YEAR 
[REFERENCES]

COUNTRY ETHNIC GROUP SOURCE OF 
CONTROLS

POWER  
(α = 0.05  
OR 1.5)

SAMPLE 
SIZE

USED 
MATCH

USED 
HWE

GENOTYPING NOS

1 matsuo 200223 Japan asian HB 47.0 383 Yes Yes rFLP 4

2 Yoshimitsu 201234 Japan asian HB 96.1 1,569 no Yes rFLP 5

3 morita 201333 Japan asian HB 96.8 1,463 no Yes rFLP 5

4 otani 200524 Japan asian HB 39.6 331 Yes no Taqman 6

5 Lemarchand 200222 Usa, Japan* asian PB 75.1 707 Yes Yes rFLP 8

6 Curtin 201131 Usa nHC** (81–83%) PB 89.2 1,026 Yes Yes GG bead-based 8

7 Hazra 200720 Usa nHC PB 90.4 1,066 Yes Yes Taqman 9

8 Burcos 201035 romania nHC HB 24.2 180 no Yes rFLP 3

9 de Vogel 200929 netherlands nHC PB 99.4 2,496 no Yes PCr 4

10 Hubner 200636 Uk nHC PB 52.5 546 no Yes Taqman 6

11 Liu 201338 Usa nHC** (91–93%) PB 100.0 3,195 Yes Yes GG bead-based 9

12 Theodoratou 200826 Uk nHC HB 99.4 2,004 Yes Yes array-based 7

13 steck 200825 Usa nHC PB 79.6 840 Yes Yes Taqman 9

14 Pardini 201139 Czechoslovakia nHC HB 98.8 2,033 Yes Yes rFLP 7

15 koushik 201121 Usa nHC PB 88.1 1,164 Yes Yes Taqman 8

16 Jokic 201137 Croatia nHC PB 68.6 600 Yes Yes Taqman 7

17 Lemarchand 200222 Usa nHC PB 42.5 317 Yes Yes rFLP 8

18 steck 200825 Usa aa PB 64.7 561 Yes Yes Taqman 9

19 Lemarchand 200222 Usa Hawaiian PB 11.3 163 Yes Yes rFLP 8

20 Guimaraes 201132 Brazil south american HB 38.8 301 Yes Yes PCr 7

Note: *Japanese subjects residing in the Usa; **admixture.
Abbreviations: nHC, non-Hispanic Caucasian; aa, african-american; HB, hospital-based; PB, population-based; or, odds ratio; HWe, Hardy–Weinberg 
equilibrium; rFLP, restriction fragment length polymorphism; PCr, polymerase chain reaction; nos, newcastle-ottawa score.
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genotypes (heterozygote comparison). To compare the effects 
on the same baseline, we used raw data for genotype frequen-
cies to calculate pooled ORs, obtained using either fixed40 (in 
absence of heterogeneity) or random41 (in its presence) effects 
model. Heterogeneity between studies was (i) estimated using 
the chi-square (c2)-based Q test,42 (ii) explored using subgroup 
analysis,42 and (iii) quantified with the I2 statistic that mea-
sures degree of inconsistency among studies43 and its sources 
detected using the Galbraith plot.44 Using this plot, we iden-
tified three studies as sources of heterogeneity.33,34,36 Outlier 
treatment consisted of eliminating these studies in the overall 
analysis and subgroups followed by reanalysis. Data were ana-
lyzed using Review Manager 5.3 (Cochrane Collaboration), 
SIGMASTAT 2.03, and SIGMAPLOT 11.0 (Systat Software). 
Two-sided P values of #0.05 were considered significant except 
in estimations of heterogeneity and publication bias. Given the 
low power of the c2-based Q test for heterogeneity, P value 
was set at #0.10,45 as was for publication bias,46 assessed with 
Egger’s test47 and the Begg–Mazumdar diagnosis.48

Subgroup analyses. We stratified our analysis into four 
subgroups where, first, Caucasians (non-Hispanic Caucasian 
(NHC); 6,177 cases/9,290 controls) were compared with 
Asians (1,766 cases/2,687 controls). Population admixtures 
were found in two US studies.31,38 The second subgroup is 
composed of folate intake, where we compared effects when 
consumption was low at ,400 mg/d (313 cases/422 controls) 
and when it was high at .400 mg/d (356 cases/699 controls). 
Finally, we also considered a subgroup in confining the 
analysis to studies with NOS scores of 7–9 (5,963 cases/8,014 
controls).

Results
Included studies. Figure 1 outlines our study selec-

tion process in a flowchart following Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses (PRISMA) 
guidelines.49 A total of 57 citations were identified with the 
initial search, from which 30 were excluded after title and 
abstract review. From the remaining 27, eight were excluded 
for not conforming to the inclusion criteria. Full-text articles 
of the remaining 19 articles were examined, two of which 
were excluded for non-availability of genotype data. Thus, 
the total number of articles (8,371 cases and 12,574 controls) 
included in the meta-analysis was 17.20–26,29,31–39 Features of 
the included studies with epidemiological and clinical fea-
tures are outlined in Table 1. Of the 17 articles, 15 were single 
studies.20,21,23,24,26,29,31–39 Steck et al25 and LeMarchand et al22 
had separate data for more than one ethnic group and were 
considered as two and three studies, respectively. Thus, the 
total number of studies was 20. Subjects in 12 studies were 
NHC,20–22,25,26,29,31,35–39 five Asian,22–24,33,34 one each of 
African-American,25 Hawaiian,22 and South American.32 Sta-
tistical power in 10 studies was adequate20,21,25,26,29,31,33,34,38,39 
and the other 10 was not.22–25,32,35–37 Four studies provided 
separate data on folate intake.24,25,36,38 Methodological quality 

Figure 1. Flowchart of selection of studies for inclusion in the 
meta-analysis.

of the studies, determined by NOS, was moderate to high 
with a mean of 6.85 ± 1.84 and a median of 7.0. In addition, 
13 studies from 10 articles20–22,25,26,31,32,37–39 had high NOS 
(7–9). Supplementary Table 1 shows the quantitative traits 
of the included studies. Of the 20 studies, two23,29 had con-
trol frequencies that deviated from the HWE. The PRISMA 
checklist was generated to provide detailed description of this 
meta-analysis (Supplementary Table 2).

Overall and subgroup effects. Table 2 shows the 
overall pooled effect in the three genetic comparisons indi-
cating absence of significant associations (OR 0.96–1.05, 
P = 0.12–0.44). These effects were confirmed with removal of 
the HWE-deviating studies (OR 0.97–1.06, P = 0.11–0.65) 
and subgroup analysis by NHC ethnicity (OR 0.93–1.05, 
P =  0.21–0.87). Of the three genetic comparisons, only the 
A allele comparison was heterogeneous (I2 = 44%) as shown 
in Figure 2. Subjecting the A allele pooled effect (OR 0.96, 
P = 0.44) to outlier treatment (Fig. 3) resulted in the following 
two outcomes: (i) zero heterogeneity (I2 = 0%) and (ii) gain 
in significance (OR 0.91, P = 0.01; Fig. 4). This post-outlier 
pooled value was unaltered with the combined removal of out-
liers plus HWE-deviating studies23,29,33,34,36 (OR 0.90, P  = 
0.01) and reflected in the high NOS effect (OR 0.90, P = 0.01). 
Stratified by ethnicity, the Asian homozygous (AA and GG) 
effects showed increased risk, significant in the A allele com-
parison (OR 1.13, P = 0.04). In contrast, the heterozygous A/G 
effect was significantly protective (OR 0.88, P = 0.05). The 
overall modifier and subgroup effects in all comparisons were 
deemed robust as they were unaltered by sensitivity treatment 
except the Caucasian summary effects in the A/G genotype 
comparison in account of serial omission of two studies.29,38 
Of the three genetic comparisons of the overall effects shown 
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Table 2. summary effects in the overall and subgroup analyses.

TEST OF ASSOCIATION TEST OF HETEROGENEITY

N OR 95% CI Pa Pb I2 (%) ANALYSIS MODEL

A allele

overall 20 0.96 0.87–1.06 0.44 0.02 44 r

HWe studies only 18 0.98 0.92–1.06 0.65 0.01 49 r

outliers off 17 0.91 0.84–0.98 0.01 0.64 0 F

outliers + HWe off 15 0.90 0.83–0.98 0.01 0.50 0 F

Caucasian 12 0.93 0.83–1.05 0.25 0.07 40 r

asian 5 1.13 1.00–1.28 0.05 0.17 38 F

7–9 nos 13 0.90 0.83–0.98 0.01 0.35 9 F

G allele

overall 20 1.05 0.99–1.13 0.12 0.25 16 F

HWe studies only 18 1.06 0.99–1.14 0.11 0.72 0 F

Caucasian 12 1.05 0.97–1.12 0.21 0.95 0 F

asian 5 1.09 0.71–1.66 0.69 0.01 68 r

7–9 nos 13 1.07 0.99–1.15 0.08 0.82 0 F

A/G genotype

overall 20 0.98 0.92–1.03 0.42 0.20 20 F

HWe studies only 18 0.97 0.91–1.03 0.35 0.27 16 F

Caucasian 12 1.01 0.94–1.07 0.87 0.21 24 F

asian 5 0.88 0.78–1.00 0.05 0.31 16 F

7–9 nos 13 1.01 0.95–1.08 0.70 0.77 0 F

Notes: P a: P value for test of association; P b: P value for heterogeneity; I2 is a measure of heterogeneity expressed in %. Values in bold indicate significant 
associations. R: random-effects model, F: fixed-effects model.
Abbreviations: HWE, Hardy-Weinberg Equilibrium; N, number of studies; OR, odds ratio; CI, confidence interval; NOS, Newcastle-Ottawa Score.

Figure 2. summary effects in the a allele comparison. The diamond denotes the pooled odds ratio. squares indicate the odds ratio in each study, with 
square sizes directly proportional to the weight contribution (%) of the study. Horizontal lines on each side of the squares represent 95% confidence 
intervals (Ci). The chi-square test P value is ,0.10 indicating heterogeneity, necessitating use of the random-effects model.
Abbreviations: J, Japanese; C, Caucasian; H, Hawaiian; aa, african-american; m-H, mantel-Haenszel.
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Figure 3. Galbraith plot analysis to detect sources of heterogeneity in the 
a allele comparison. The three outliers (indicated by the last name of the 
first author) are the studies found outside (above) the +2 confidence limit.

Figure 4. summary effects in the a allele comparison without the outliers. The diamond denotes the pooled odds ratio. squares indicate the odds ratio in 
each study, with square sizes directly proportional to the weight contribution (%) of the study. Horizontal lines on each side of the squares represent 95% 
confidence intervals (CI). The chi-square test P value is .0.10 and I2 of 0% indicating absence of heterogeneity, necessitating use of the fixed-effects model.
Abbreviations: J, Japanese; C, Caucasian; H, Hawaiian; aa, african-american; m-H, mantel-Haenszel.

in Table 3, only the G allele effects showed evidence of pub-
lication bias (Egger’s test: P = 0.04; Begg-Mazumdar test:  
P , 0.01).

Folate intake. Table 4 summarizes findings of the 
folate analysis. The four folate intake studies (669 cases/1,121 
controls)24,25,36,38 showed non-significant associations with-
out material differences between high and low intakes. In the  
A allele, the pooled effects were below 1 (OR 0.79–0.97, 
P = 0.13–0.82). G allele effects suggested increased risk 
(OR 1.11–1.20, P = 0.40–0.65), and the AG genotype effects 
ranged from null (high intake: OR 1.00, P = 0.99) to increased 
risk (low intake: OR 1.14, P = 0.40).

Sensitivity treatment deemed that the low folate summary 
effects were robust but not the high folate pooled ORs on 
account of three studies.24,25,36

Discussion
With a sample size of 20,945, the main message of this meta-
analysis is lack of evidence of an overall association between 
MTRR A66G and CRC. The appeal of meta-analysis is sta-
tistically detecting profiles of the component studies in regard 
to their contribution to the overall effect. Thus, in the A allele 
analysis, omission of the three studies deemed outliers33,34,36 
resulted in a significant 9% protective effect with concomitant 
abolition of heterogeneity. Omitting both the outliers and the 
HWE-deviating studies23,29,33,34,36 increased the protective 
effect to 10% with significance and zero heterogeneity retained. 
In addition, sensitivity treatment did not alter the pooled post-
outlier and post-outlier-HWE ORs, thus conferring reliabil-
ity to the findings. Thus, in addition to the previous data and  
based on statistical significance, high methodological quality, 
and combinability of the studies, the modest A allele effects 
indicate protection from CRC. Also, omission of the HWE-
deviating studies minimizes the chance of false-positive 
results,50 which further strengthens our A allele finding.

Study-specific ORs in the A allele analysis indicating 
reduced risk were observed in 13 studies and significant in 
one of them (OR 0.66, 95% CI 0.44–0.97). The remaining 
seven study-specific ORs indicated increased risk, significant 
(ORs 1.36–1.60, 95% CI 1.03–2.51) in two studies, which 
happen to be outliers.34,36 This spectrum of individual study 
effects suggests usefulness of the meta-analytical approach in 
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Table 3. results of tests for publication bias in the overall analysis.

GENETIC 
COMPARISON

EGGER REGRESSION BEGG-MAZUMDAR 
CORRELATION

INTERCEPT P VALUE KENDALL’S τ P VALUE

a allele -1.11 0.17 -0.18 0.27

G allele 1.04 0.04 0.38 ,0.01

a/G genotype -0.50 0.47 -0.07 0.65

Note: Values in bold indicate significance interpreted as evidence of 
publication bias.

Table 4. summary results of the folate intake analysis.

GENETIC 
COMPARISON

HIGH LOW

OR 95% CI P VALUE OR 95% CI P VALUE

a allele 0.97 0.71–1.31 0.82 0.79 0.58–1.08 0.13

G allele 1.11 0.70–1.76 0.65 1.20 0.79–1.81 0.40

a/G genotype 1.00 0.59–1.68 0.99 1.14 0.84–1.53 0.40

Abbreviations: OR, odds ratio; CI, confidence interval.

examining broad trends of MTRR associations with CRC. 
This then, may avoid possible misleading conclusions based on 
only single-population studies.

Our post-outlier overall significant protective finding in 
the A allele and similar results from the high NOS subgroup 
as well as the post-outlier/HWE results agree with a study 
that found a significant 34% protective role of the MTRR 
A/A genotype in a European population.37 A functional 
explanation for the possible role of the MTRR 66A/A geno-
type in preventing colon carcinogenesis may be through reg-
ulation of MTR activity. This might consequently influence 
levels of s-adenosylmethionine (SAM) and DNA methylation 
reactions.37 Both MTR and MTRR regulate the reaction that 
produces methionine through the irreversible transfer of a 
methyl group from 5-methyltetrahydrofolate. MTR is main-
tained in its active form by MTRR, an enzyme that regen-
erates a functional MTR via reductive methylation.27 The 
MTR 2756A . G and MTRR 66A . G polymorphisms are 
putatively functional,7 but the variant enzyme of MTRR has a 
lower affinity for MTR.51,52 Although functional effects of the 
MTRR A66G variant have not been fully established, in vitro 
experiments suggest that the variant MTRR enzyme restores 
MTR activity less efficiently than wild type.51,53 The variant 
alleles of MTR 2756G and MTRR 66G are thought to affect 
enzymatic activity, with consequently reduced production of 
methyl groups and risk for CRC.7

In the Asian subgroup, the MTRR 1.1-fold homozy-
gote (A/A) susceptibility contrasting with the heterozygous 
A/G significant 12% protective effects suggests molecular 
heterosis. This genetic phenomenon occurs when individuals 
have the heterozygote advantage over homozygotes.54 Thus, 
based on heterotic effects, Asian heterozygotes are protected 

from CRC. Although heterosis seems counterintuitive to the 
standard gene dosage effects, it is increasingly recognized in 
humans, up to 50% of all gene associations.54 Molecular het-
erosis has been demonstrated in other cancers.55,56

The folate analysis has the following features: (i) non-
robustness of the high folate analysis as conferred to by sen-
sitivity treatment; (ii) in contrast, this treatment conferred 
robustness to the low folate findings; (iii) in the G allele analy-
sis, both low and high intakes showed 1.1–1.2-fold increased 
risk, indicating absence of material differences between the 
two subgroups. In the A allele analysis, the low folate sub-
group showed 21% reduced risk. This finding agrees with a 
cohort study that found reduced CRC risk in subjects with low 
folate levels and another that found a decrease in number and 
size of induced CRC tumors in folate-deficient rats.57 Bio-
chemical explanation for the protective effect of low folate may 
be that proliferating cancer cells have greater need for folate.58 
Cancer cells tend to upregulate their membrane receptors that 
mediate their folate uptake for DNA synthesis.59 Low folate 
intake thus impedes cancer cell proliferation.

Because many genes are involved in folate metabolism, 
effect of multiple functional polymorphisms in genes encod-
ing for enzymes in the pathway are expected to be stronger 
than the effect of any one individual polymorphism. Of the 
17 publications, only two23,35 examined MTRR by itself; the 
remaining 15 articles investigated MTRR in concert with 
polymorphisms of other genes. Of the other genes, the most 
common was methylenetetrahydrofolate reductase (MTHFR) 
in 13 publications20–22,24–26,29,31,32,36–39 followed by MTR in 11 
publications.21,22,25,26,29,31–34,36,37

In a Japanese population, Morita et al33 found a suggestive 
interaction for MTRR A66G and MTHFR A1298C (P = 0.07) 
and an adjusted 1.4-fold increased risk for MTHFR 1298C 
allele and MTRR 66A/A genotype compared with those hav-
ing the MTHFR 1298A/A and MTRR 66A/A genotype. 
In an Eastern European population study, not only found a 
significant 1.3-fold increased risk (P = 0.04) from a combi-
nation of MTHFR 1298A and MTRR 66G haplotypes but 
also found a significant 22% protective effect (P = 0.04) of 
MTHFR 1298A with MTRR 66A haplotype.37 Jokic et al37  
showed that polymorphisms MTRR A66G and MTHFR 
A1298C combined influence colon cancer risk. A functional 
explanation for the combined influence of these two SNPs 
seems to be that MTHFR Glu429Ala, which results from 
A1298C, is located near the binding site of SAM, the alloste-
ric inhibitor of MTHFR.60 As MTRR influences homocys-
teine conversion to methionine, which in turn converts into 
SAM, A66G may influence SAM production, which could 
change MTHFR feedback inhibition.

We compare our meta-analysis findings with two recent 
ones (2012) that addressed associations of MTRR A66G with 
CRC. The study by Han et al27 examined CRC in subgroup 
that composed of seven studies. The other study by Zhou et al28 
examined polymorphisms in three genes (MTHFR, MTRR, 
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and MTR) with risk of CRC that composed of 12 studies. 
Given the 20 studies in our meta-analysis, we have higher 
sample sizes compared to both. Another difference is that both 
meta-analyses used the standard genetic models (eg, homozy-
gous, recessive) while we used three genetic comparisons for 
the reason that the minor allele frequencies were non-uniform 
across the studies. Han et al27 did not find significant associa-
tions but Zhou et al28 did, at least for the G allele increasing 
Caucasian risk but not in Asians. In contrast, our G allele find-
ings found no associations among Caucasians but found signif-
icant A allele and A/G genotype associations among Asians. 
Our Caucasian and Asian findings are based on double (and 
almost double) the number of studies (N = 12 and 5, respec-
tively) compared to Zhou et al28 (N = 6 and 3, respectively).

This meta-analysis has a number of important strengths: 
(i) Large sample sizes in the overall analysis translate to high 
statistical power. Even without the outliers plus HWE-
deviating studies where the resulting summary effects were 
significant, statistical power remained high. (ii) Thirteen 
(65%) of the studies had high NOS (7–9). (iii) Evidence of 
lack of publication bias in the A allele and A/G genotype 
analyses. (iv) Controls in 15 (75%) publications were matched 
with cases. (v) Twelve (60%) the studies were population-
based, indicating that the findings could be extrapolated to 
the general population. These features render selection bias 
unlikely. Furthermore, (vi) outlier treatment rendered sig-
nificance to the overall findings in the A allele analysis and 
erased its heterogeneity. This was confirmed with high NOS 
results and removal of the outlier-HWE studies, which gener-
ated remarkably similar pooled ORs in terms of significance 
and non-heterogeneity, suggesting consistency of the A allele 
summary effects. (vii) All significant findings were non- 
heterogeneous. (viii) Sensitivity treatment conferred robust-
ness of all findings in the homozygote comparisons.

These strengths, however, are countered by the following 
limitations of our study: (i) effects of gene–gene and gene–
environment interactions were not addressed; (ii) eight of the 
17 articles (47%) mention healthy controls; (iii) evidence of 
publication bias in the G allele comparison warrants caution 
in interpretation of its findings; and (iv) folate analysis did not 
reveal material differences between low and high intakes. More 
studies may be needed to confirm or modify our findings.

Considered individually, this polymorphism may have 
little or no influence and would probably require haplotype 
analysis to discern combined effects. In addition, integrated 
pathway analysis61 may elucidate how genetic variations in 
several genes cooperate in the etiology of CRC.20 Such analy-
ses may shed light on the complexities of the many pathways 
involved in one-carbon metabolism and CRC, providing 
hypotheses for future functional studies.
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