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Abstract: Several epidemiological studies have examined the relationship of the methylenetetrahydrofolate reduc-
tase (MTHFR) C677T polymorphism with hyperuricemia. However, the results were controversial. We therefore con-
ducted a large cross-sectional study (2,219 subjects) and an updated meta-analysis by combining previous studies
(9,502 subjects) to provide more empirical evidence for the association. And we assessed the strength of the as-
sociation using Venice criteria, which is a recently developed epidemiological grading system. In our cross-sectional
study, the MTHFR C677T polymorphism was not associated with hyperuricemia in any genetic model. The following
overall meta-analysis showed a significant association; however, there existed high between-study heterogeneity
and obvious publication bias. Furthermore, subgroup analyses showed that there was no significant association
in studies with high quality (large sample size and more accurate genotyping method). Cumulative meta-analysis
and sensitivity analysis also indicated that the meta-analytical results were not statistically robust. According to the
Venice criteria, the cumulative evidence was graded as having very weak credibility. All these results suggest that
the significant association between the MTHFR C677T polymorphism and hyperuricemia may be questionable.
Further well-designed studies with larger sample sizes are greatly needed to confirm or refute our findings.
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Introduction

Hyperuricemia has long been linked to the
development of gouty arthritis in humans.
Recently, accumulating evidence shows that
hyperuricemia also is a risk factor for metabolic
syndrome and cardiovascular diseases [1-4].
The prevalence of hyperuricemia has been esti-
mated as 13.7% in China, and showed geo-
graphical and sex variations [5]. Many factors
are known to influence serum uric acid levels.
Among them, genetic determinants are esti-
mated to explain about 25-63% of the variation
of uric acid levels [6]. Thus, identification of
hyperuricemia susceptibility genes will help
clarify the pathogenesis of the disease and pro-
vide new therapeutic and preventive strateg-
ies.

Over the past decade, a large number of genet-
ic studies have been performed to decipher the

genetic architecture of hyperuricemia, and hun-
dreds of genes and polymorphisms have been
hypothesized to be involved in the pathogene-
sis of hyperuricemia [7-10]. Of these, Methy-
lenetetrahydrofolate reductase (MTHFR) C677T
polymorphism was considered as a potential
candidate [11-20]. The MTHFR is an important
enzyme in homocysteine metabolic pathway
that irreversibly catalyzes the reduction of
5,10-methylenetetrahydrofolate to 5-methyltet-
rahydrofolate, which serves as the carbon
donor in the remethylation of homocysteine to
methionine. The most common mutation in the
MTHFR gene is the C677T polymorphism, which
has been confirmed to affect the enzyme activ-
ity and ultimately lead to accumulation of homo-
cysteine [21]. Several previous studies have
reported a significant relationship between
homocysteine and uric acid levels [22-24]. The
mechanism underlying this association remains
unclear; however, some investigators have pos-
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tulated that elevated homocysteine levels
might reflect the consequence of renovascular
atherosclerosis and the complication of sys-
temic vascular disease, which is associated
with decreased renal clearance of uric acid
and elevated serum uric acid concentrations
[22, 25]. Furthermore, adenosine originating
from S-adenosyl-L-homocysteine, a precursor
of homocysteine, could represent a link be-
tween the metabolic pathway of homocysteine
and uric acid [24].

A number of epidemiological studies have been
conducted to examine the relationship of the
MTHFR C677T polymorphism with the risk of
hyperuricemia [11-20]. However, the results
were controversial. A cross-sectional study by
Zuo et al. showed that the MTHFR 677T allele
carriers had an increased hyperuricemia risk
than the 677C allele carriers among elderly
Japanese men [11]. Hong et al. reported that
the MTHFR 677TT genotype was significantly
more frequent in subjects with high uric acid
levels in Korean population [12]. Golbahar and
coworkers observed that the MTHFR C677T
polymorphism was a strong predictor of uric
acid in males and in females among Iranians
[15]. However, two recent large studies in
Japanese and Chinese populations reported
the association was not significant [19, 20].
Non-replication of genetic studies is common in
complexity chronic diseases, and the genetic-
disease association is usually geographical-
and ethnic-dependent, which may be caused
by population heterogeneity in genetic back-
ground and environmental exposures. Thus
exploration of gene-disease association in
each area (country) or ethnic group is essential.
Chinese researchers have conducted several
case-control studies claiming or refuting the
relationship between the MTHFR C677T poly-
morphism and hyperuricemia [13, 14, 16-18,
20]. However, these studies were limited by
small sample size and the results were contro-
versial. In addition, the incidence of hyperurice-
mia and its related chronic diseases is high in
China, especially in northern regions, as did
prevalence of hyperhomocysteinemia and the
677T allele observed in our previous studies
[26, 27]. Exploration of the relationship be-
tween the MTHFR C677T polymorphism and
hyperuricemia is therefore necessary and of
great importance. We conducted a large sam-
ple size cross-sectional study in a northern
Chinese Han population to investigate the
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association. Furthermore, to set the results of
our study in the context of other previous find-
ings and to provide more comprehensive evi-
dence for the association, we carried out an
updated meta-analysis combining the present
study and previous published studies.

Materials and methods
Cross-sectional study

Study subjects: The study subjects were
selected from 2,232 residents aged 21 years
or older in Tianjin Municipality, China, who took
regular health examinations at the physical
examination center of Dagang QOil Field General
Hospital. All participants were of the same
ethnic background (Han nationality) and were
not first- or second-degree relatives. We exclud-
ed three participants without blood pressure
information and ten participants with gout or
renal failure (= 132 pmol/L of serum creati-
nine). Finally, the remaining 2,219 subjects
(1,477 males and 742 females) were included.
This study was approved by the ethics review
committee of the China Medical University
(Shenyang, China; Identification Code: CMU-
62073024; 15 July 2008) and was conducted
in accordance with the Helsinki Declaration. All
participants gave written informed consent
prior to study entry.

Data collection and definition: Body weight and
height were measured using a standard scale
with light clothing and barefoot. Body mass
index (BMI) was computed as weight in kilo-
grams divided by the square of height in meters
(kg/m?3). Blood pressure was measured while
subjects were in the sitting position after 15
min of rest. The average of three measure-
ments was recorded. The concentrations of
creatinine, uric acid, total cholesterol (TC), tri-
glycerides (TG), high-density lipoprotein choles-
terol (HDL-C), low-density lipoprotein cholester-
ol (LDL-C), and fasting blood glucose (FBG) were
determined by enzymatic method using a
Hitachi Autoanalyzer (Type 7170A; Hitachi Ltd.,
Tokyo, Japan). Hyperuricemia was defined as
uric acid level > 360 ymol/L for females and >
420 umol/L for males [28].

Genotyping analysis

Genomic DNA was extracted from buccal
samples using the QlAamp DNA Mini Kit
(Qiagen, Valencia, CA, USA). The genotypes of
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Table 1. Basic characteristic of the participants in the study

Characteristics Total Males Females P
Number of subjects 2219 1477 742

Age (years) 46.83 £+ 9.85 47.43 £ 10.04 45.64 £ 9.34 <0.001
BMI (kg/m?) 25.03 +3.54 25.80 + 3.37 23.51 +3.38 <0.001
Creatinine (umol/L) 75.41 + 12.72 79.88 + 11.47 66.51 + 10.15 < 0.001
Uric acid (umol/L) 324.13 £ 92.96 358.35 + 86.44 256.01 + 63.29 <0.001
TC (mmol/L) 4,98 + 0.99 5.00 £ 0.98 492 +1.00 0.068
TG (mmol/L) 1.35+1.17 151+ 1.25 1.02+0.91 <0.001
HDL-C (mmol/L) 1.20+£0.38 1.45 +0.37 1.32 £ 0.37 <0.001
LDL-C (mmol/L) 2.91+0.98 2.97 £ 1.00 2.81+0.94 <0.001
FBG (mmol/L) 5.30+1.18 5.43+1.26 5.06 + 0.95 <0.001
SBP (mmHg) 130.49 + 19.46 133.70 + 18.83 124.11 + 19.13 <0.001
DBP (mmHg) 82.43 £ 12.99 85.10 + 13.09 7711 +11.01 <0.001

BMI, body mass index; TC, total cholesterol; TG, triglycerides; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipo-
protein cholesterol; FBG, fasting blood glucose; SBP, systolic blood pressure; DBP, diastolic blood pressure.

the MTHFR C677T were determined by a
TagMan assay, which has been detailed in our
previous paper [27].

Statistical analysis

Differences in the distribution of baseline char-
acteristics (age, BMI, creatinine, uric acid, TC,
TG, HDL-C, LDL-C, FBG, SBP and DBP levels)
between females and males were tested with
the student’s t-test. The MTHFR C677T allele
and genotype frequencies in the participants
were calculated by direct counting. Chi-square
test was performed to identify departures from
the Hardy-Weinberg equilibrium (HWE), and to
compare the differences between hyperurice-
mia group and normal uric acid level group with
respect to allelic and genotypic frequencies.
The unconditional logistic regression analysis
was used to estimate the effects of the MTHFR
C677T polymorphism on hyperuricemia risk
under five genetic models (homozygous codom-
inant, heterozygous codominant, dominant,
recessive and allelic models), without and with
adjustment for potential risk factors. Odds ratio
(OR) with 95% confidence index (Cl) was calcu-
lated to estimate the relative risk of hyperurice-
mia associated with the different genotypes
and alleles. Two-sided P value below 0.05 was
considered to be statistically significant. These
analyses were conducted using SAS Version
9.2 (SAS Institute, Cary, NC, USA).

Meta-analysis
We performed a systematic literature search in

three English (PubMed, Embase and Web of
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Science) and four Chinese databases (China
National Knowledge Infrastructure (CNKI), Wan-
fang, Chongging VIP Chinese Science and Tech-
nology Periodical Database (VIP) and China
Biological Medicine Database (CBM)) for stud-
ies exploring the relationship of the MTHFR
C677T polymorphism with hyperuricemia. The
strategy was based on combinations of the fol-
lowing search items: hyperuricemia, high uric
acid, uric acid, MTHFR, methylenetetrahydrofo-
late reductase, allele, gene, genotype, variant,
variation and polymorphism. The reference
lists were hand-searched to find potentially eli-
gible studies. Studies included in the meta-
analysis had to meet the following criteria: (1)
cross-sectional or cohort studies; (2) evaluating
the association of the MTHFR C677T polymor-
phism with hyperuricemia risk, and (3) provid-
ing sufficient data for calculating the OR with
95% Cl.

Two investigators independently reviewed and
extracted the following items from each includ-
ed study: first author’s name, year of publica-
tion, country and ethnicity of study population,
study design, genotyping method, diagnostic
criteria of hyperuricemia, mean age, and num-
ber of alleles and genotypes in both hyperurice-
mia and normal groups. Discrepancy was re-
solved by discussion between the two investi-
gators.

The association of the MTHFR C677T polymor-
phism with hyperuricemia risk was assessed by
calculating pooled ORs with the corresponding
95% Cls under the homozygous codominant,
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Table 2. Association of the MTHFR C677T polymorphism with hyperuricemia risk

Polymorphism Hyperuricemia Normal Crude OR p Adjusted OR® p
(n=384) (n=1835) (95% Cl) (95% CI)
Codominant
CcC 84 (21.88) 402 (21.91) 1.00 - 1.00
CT 201 (52.34) 858 (46.76) 1.12 (0.85-1.49) 0.425 0.96 (0.71-1.31) 0.814
T 99 (25.78) 575 (31.33) 0.82 (0.60-1.13) 0.232 0.71 (0.50-1.01) 0.058
Dominant
CcC 84 (21.88) 402 (21.92) 1.00 - 1.00 -
CT+TT 300 (78.12) 1433 (78.09) 1.00 (0.77-1.31) 0.989 0.86 (0.64-1.16) 0.862
Recessive
CC+CT 285 (74.22) 1260 (68.67) 1.00 - 1.00 -
T 99 (25.78) 575 (31.33) 0.76 (0.59-0.98) 0.032 0.73(0.56-0.96) 0.026
Allelic
C 369 (48.05) 2061 (50.65) 1.00 - -
T 399 (51.95) 2008 (49.35) 0.93 (0.771.11) 0.397 -

OR, odds ratio; ClI, confidence index. 2Adjusted by age, sex, creatinine, triglycerides, total cholesterol, diastolic blood pressure

and body mass index.

heterozygous codominant, dominant, recessive
and allelic models. The heterogeneity was con-
sidered statistically significant if P < 0.05 for
Cochran’s chi-square based Q-test or I > 50%
for I? statistic [29, 30]. If the between-study
heterogeneity was statistically significant, the
random effects model was used; otherwise,
the fixed effects model was used [31]. The HWE
for each study was tested again. Subgroup
analyses by ethnicity, study design, source of
control, genotyping method, sample size and
gender. Meta-regression analysis was employ-
ed to explore the sources of heterogeneity [32].
Cumulative meta-analysis was performed by
date of publication exploring the dynamic
trends as studies accumulated over time [33].
Sensitivity analyses excluding each study were
used to assess the stability of the results [33].
Publication bias was investigated by the funnel
plot and Egger’s regression test [34]. We also
used the Venice criteria to assess the strength
of the cumulative evidence [35]. All meta-anal-
ysis was performed by the STATA package
Version 11.0 program (StataCorp, College
Station, TX, USA), and P value below 0.05 was
considered to be statistically significant.

Results

Population characteristics in our cross-section-
al study

Table 1 summarizes the demographic and clini-
cal characteristics of 1,477 males and 742

7521

females in the study. The mean age of the par-
ticipants was 46.83 + 9.85 years. The preva-
lence of hyperuricemia was 17.31% (males vs.
females was 22.88% vs. 6.20%). Compared
with females, males had significantly higher
hyperuricemia prevalence, BMI, creatinine, uric
acid, TG, HDL-C, LDL-C, FBG, SBP and DBP lev-
els (All P < 0.05).

Genotype distribution and association analysis
in our cross-sectional study

Table 2 presents the genotypic and allelic fre-
quencies of the MTHFR C677T polymorphism.
The genotype distribution of the polymorphism
among the study population was in consistent
with HWE (P = 0.069). The 677T allele and
677TT genotype frequencies were not signifi-
cantly different between hyperuricemia and
normal uric acid levels groups (P = 0.071 and
0.186, respectively). Furthermore, we used the
unconditional logistic regression analysis to
test the associations of the MTHFR C677T poly-
morphism with hyperuricemia risk under five
genetic models. The results indicated that
there was no association between the MTHFR
C677T polymorphism and hyperuricemia under
heterozygous codominant (adjusted OR = 0.96,
95% Cl = 0.71-1.31), homozygous codominant
(adjusted OR =0.71, 95% Cl = 0.50-1.01), dom-
inant (adjusted OR = 0.86, 95% Cl = 0.64-1.16)
and allelic models (unadjusted OR = 0.93, 95%
Cl = 0.77-1.11). When stratified by gender, no
significant association was detected for either
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= PRISMA 2009 Flow Diagram

Figure 1. Flow diagram of
study selection process
in the meta-analysis.

mia was stronger in Caucasians (OR
= 3.24, 95% Cl = 2.26-4.65) than in
East Asians (OR = 1.78, 95% CI =

Records identified through
database searching (n = 179)

Additional records identified
through other sources (7 =0)

1.31-2.41). Additionally, in stratified
analyses according to study design,

}

source of control, genotyping meth-

Records after duplicates removed (1 = 88)

od, sample size and gender, the
MTHFR C677T polymorphism was
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significantly associated with hyper-
uricemia in all the subgroups with
the exception of “others” genotyping
method studies and large sample

size studies (Table 4). The results of

for eligibility (n=27) (1) Irrelevant (n = 8)

Studies included in
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(4) Other diseases (n = 0)
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meta-regression analyses indicated
that sample size (P = 0.054) and
genotyping methods (P < 0.001)
might be the sources of heterogene-
ity, while ethnicity (P = 0.315), study

l

design (P = 0.453), source of control

Studies included in meta-
analysis (n =11)

[ Included ] [ Eligibility ] [ Screening ] [ldentiﬁcation]

Current case control study (n = 1)

(P =0.991), and gender (P = 0.162)
were not significantly associated

males or females under any of the tested
genetic models (Tables S1 and S2).

Meta-analysis results

Figure 1 details the process of study selection.
A total of 11 studies [11-20] (including the
current study) comprising 2,401 individuals
with hyperuricemia and 7,101 individuals with
normal uric acid levels were included in the
meta-analysis. The detailed characteristics
and genotype distributions of each included
study are presented in Table S3 and Table 3,
respectively.

The results of this meta-analysis indicated that
the MTHFR C677T polymorphism was signifi-
cantly associated with the risk of hyperurice-
mia in all genetic models (dominant: OR = 1.94,
95% Cl = 1.39-2.70; recessive: OR = 1.43,
95% CI = 1.07-1.90; homozygous codominant:
OR = 2.07, 95% Cl = 1.39-3.09; heterozygous
codominant: OR = 1.81, 95% Cl = 1.34-2.45;
allelic: OR = 1.59, 95% Cl = 1.25-2.02) (Figures
of genetic model selection, the dominant model
was used to conduct the subsequent analyses
[36]. After exclusion of HWE-violating stud-
ies, the corresponding pooled ORs were not
changed appreciably. Subgroup analysis by
ethnicity showed that the relationship of the
MTHFR C677T polymorphism and hyperurice-
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with the detected heterogeneity.

Subsequently, we performed cumulative meta-
analysis and sensitivity analysis to evaluate the
stability and liability of the results. In cumula-
tive meta-analysis, we found that before 2013
the significant ORs increased with a narrowing
of the 95% Cls as information accumulated by
year. However, the addition of three later stud-
ies reduced the pooled ORs slightly and wid-
ened its corresponding 95% Cls (Figure S6). In
sensitivity analysis, exclusion of any study did
not materially affect the magnitude and signifi-
cance of the association, with the exception of
studies by Golbahar et al. [15] and Hinohara et
al. [19]. As shown in Figure S7, the summarized
association remained significant but the pooled
ORs reduced to 1.24 (1.10-1.38) and increased
to 1.67 (1.45-1.92) after omitting studies by
Golbahar et al. [15] and Hinohara et al. [19],
respectively.

The shape of the funnel plots appeared to
be asymmetry under the dominant genetic
model, suggesting the presence of publication
bias (Figure S8). The results of Egger’s test
also showed that there was strong statistical
evidence of publication bias (P = 0.002).
According to the Venice interim criteria, the
cumulative evidence for the significant asso-
ciation observed in the meta-analysis was
weak because of high heterogeneity and publi-
cation bias.

Int J Clin Exp Pathol 2016;9(7):7518-7527
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Table 3. Genotypic and allelic distributions of MTHFR C677T polymorphism used in the meta-analysis

Study Genotype distribution Allele frequency
First Author (Year) [Ref] Hyperuricemia Normal Hyperuricemia Normal HWE
CcC CT T CcC CT T C T C T P

Zuo et al. (2000) [11] 15 30 13 96 92 25 60 56 284 142  0.631
Hong et al. (2004) [12] 20 49 18 97 113 30 89 85 307 173  0.503
Lili Ding (2005) [13] 19 54 20 29 45 10 92 94 103 65 0.083
Shi et al. (2006) [14] 27 42 21 40 38 13 96 84 118 64 0.249
Golbahar et al. (2007) [15] 87 125 19 190 85 12 299 163 465 109 0.285
Wang et al. (2007) [16] 35 68 50 42 38 20 138 168 122 78 0.010
Mai et al. (2008) [17] 16 19 12 33 7 2 51 43 73 11 0.004
Zhang et al. (2008) [18] 23 40 25 26 17 9 86 90 69 35 0.037
Hinohara et al. (2013) [19] 257 350 112 1316 1797 593 864 574 4429 2983 0.063
Yuyang Pan (2014) [20] 113 231 107 123 209 119 457 445 455 447  0.466
Present study 84 201 99 402 858 575 369 399 1662 2008 0.069

HWE, Hardy-Weinberg equilibrium.

Table 4. Stratified analysis of the associations of the MTHFR C677T
polymorphism with hyperuricemia under dominant model

Sample
Subgroup sizz OR (95% Cl) P 12 (%) P,
Overall 11 9502 1.94(1.39-2.70) <0.001 85.9 <0.001
HWE 8 9020 1.63(1.16-2.30) 0.005 85.7 <0.001
Ethnic
Caucasian 1 518 3.24 (2.26-4.65) <0.001 - -
East Asian 10 8984 1.78(1.31-2.41) <0.001 80.3 <0.001
Study design
Cross sectional 5 7760 1.70(1.04-2.80) 0.036 91.1 <0.001
Case-control 6 1742 2.23(1.38-3.59) 0.001 75.1 0.001
Source of control
Population based 5 5722 1.96(1.08-3.56) 0.027 90.7 <0.001
Hospital based 6 3780 1.95(1.22-3.10) 0.005 82.1 <0.001
Genotyping method
PCR-RFLP 7 1779 2.73(2.21-3.38) <0.001 16.2 0.306
Others 4 7723 1.04(0.92-1.18) 0.527 34.2 0.207
Sample size
Large study 4 8064 1.35(0.86-2.12) 0.188 91.6 <0.001
Small study 7 1438 2.45(1.92-3.11) <0.001 2.7 0.405
Sex
Males 8 6305 1.78(1.22-2.59) 0.003 84.9 <0.001
Female 4 2623 1.71(0.98-2.98) 0.061 60.9 0.053

OR, odds ratio; ClI, confidence index; PCR-RFLP, polymerase chain reaction-restriction frag-
ment length polymorphism; HWE, Hardy-Weinberg equilibrium. P, P value for association

test; P

[

Discussion

P value for heterogeneity test.

In 1998, Motti and coworkers reported a posi-
tive relationship between homocysteine and
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uric acid in an Italian
population, particularly
among individuals car-
rying MTHFR 677T
allele [25]. Since then,
the association of the
MTHFR C677T polymor-
phism with hyperurice-
mia had been exten-
sively investigated in
several different ethnic
populations, such as
Japanese [11], Koreans
[12], Chinese [14, 16]
and lIranians [15]. All
the studies conducted
before 2008 showed
that the MTHFR C677T
polymorphism was sig-
nificantly associated wi-
th an increased risk of
hyperuricemia [11-18,
25]. A meta-analysis in-
cluding 1,470 subjects
by Wei and coworkers
in 2012 also confirmed
the significant associa-
tion [10], although three
studies by Wang et al.
[16], Mai et al. [17] and
Zhang et al. [18] were

not included in their meta-analysis. However, a
recent study involving over 4,000 Japanese
adults showed that the MTHFR C677T polymor-
phism was not associated with hyperuricemia

Int J Clin Exp Pathol 2016;9(7):7518-7527
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[19]. More recently, another large study with
902 Chinese participants also demonstrated
that the association was nil [20]. The results of
our current cross-sectional study were in line
with the two large studies.

To systematically evaluate these controversial
findings, we further combined our results and
previously published findings using a Meta-
analysis, which is a widely used statistical
method in genetic epidemiological studies in
an effort to achieve higher statistical power, to
improve the precision of estimate and to settle
uncertainty between conflicting studies. A total
of 11 studies with 2,401 hyperuricemia cases
and 7,101 individuals with normal uric acid lev-
els were included in the final meta-analysis.
The overall pooled estimates showed that the
MTHFR C677T polymorphism was significantly
associated with hyperuricemia risk, but the
between-study heterogeneity was extremely
high. The results of meta-regression analysis
indicated that sample size and genotyping
method might be the potential sources of het-
erogeneity. Further stratified analysis by sam-
ple size showed that the MTHFR C677T poly-
morphism was significantly associated with
hyperuricemia in small study subgroup involv-
ing 1,438 subjects from seven studies, and the
heterogeneity was very low (12 = 2.7%). However,
no significant association and high heterogene-
ity (> = 91.6%) were observed in large study
subgroup, which included 8,046 participants
from four studies. Large sample with enough
participants is usually accompanied with lower
selection bias and possess sufficient statisti-
cal power. This indicates that results from large
studies are more precise and convincing.
However, the extremely high heterogeneity pre-
sented in the large study subgroup in our meta-
analysis substantially compromised the credi-
bility of the evidences. When stratifying by
genotyping method, the association was signifi-
cant in polymerase chain reaction-restriction
fragment length polymorphism (PCR-RFLP)
genotyping method studies but not in studies
taking “others” as genotyping method. PCR-
RFLP is the most commonly used genotyping
method because of its simplicity. However,
other genotyping methods including Tagman,
gene chip, polymerase chain reaction with con-
fronting two pair primers (PCR-CTPP) and poly-
merase chain reaction-ligase detection reac-
tion (PCR-LDR), were usually reported to have
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high accurate and sensitivity in single nucleo-
tide polymorphism (SNP) genotyping [37-40]. In
this meta-analysis, three studies in PCR-RFLP
subgroup reported violated HWE, which usually
indicates genotyping errors and thus ques-
tioned the accuracy of the pooled results in this
subgroup. Additionally, we observed that three
of four studies taking “others” as genotyping
method have large sample size. Therefore, the
significant association in small studies using
PCR-RFLP method might be questionable.

Subsequent cumulative meta-analysis indicat-
ed that the three large recent studies have an
apparent negative impact on positive associa-
tion between the MTHFR C677T polymorphism
and hyperuricemia. Although they did not
change the direction of the association, they
actually questioned the stability of previous
accumulating evidence, which is also support-
ed by the results of sensitivity analyses exclud-
ing studies with large sample size. The funnel
plot and Egger’s regression test showed that
our study had significant publication bias, sug-
gesting some studies without significant find-
ings or with negative findings may be unpub-
lished or missed. Moreover, according to re-
cently proposed criteria for the assessment
of cumulative evidence in genetic association
studies, the significant association between
the MTHFR CG677T polymorphism and hyperuri-
cemia can be characterized as having ‘weak’
epidemiological credibility. Therefore, further
epidemiological studies with large sample size
are still required to confirm or refute the signifi-
cant relationship between the MTHFR C677T
polymorphism and hyperuricemia susceptibili-
ty.

In interpreting the findings of the present study,
two main limitations should be acknowledged.
First, the participants in our cross-sectional
study were from one hospital, which possess
less representative of the general population.
Second, due to the lack of detailed information
on other genes and environmental factors such
as diet and behavior habits, the gene-gene and
gene-environmental interactions were not fully
explored. Despite these limitations, our study
still has several advantages. Firstly, our study
has the largest sample sizes of all the studies
that explored the association of the MTHFR
C677T polymorphism with hyperuricemia in
Chinese, which provides more representative
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and authoritative reference data. Secondly, we
adopted a comprehensive analysis strategy by
combining cross-sectional study and meta-
analysis together, which enlarges the sample
size and strongly enhances the study power.
Thirdly, we assigned a score for the epidemio-
logical credibility of the findings. Fourthly, we
performed secondary analyses including sub-
group analysis, meta-regression test, cumula-
tive meta-analysis and sensitivity analysis to
explore the sources of heterogeneity and to
assess the stability of the results.

In conclusion, the MTHFR C677T polymorphism
was not associated with hyperuricemia risk in
our cross-sectional study. Although a signifi-
cant relationship was found in the following
meta-analysis, it was found to have weak epi-
demiological credibility. Therefore, further well-
designed studies with larger sample sizes are
greatly needed to confirm the relationship
between the MTHFR C677T polymorphism and
hyperuricemia.
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Table S1. Association of the MTHFR C677T polymorphism with hyperuricemia among males

Polymorphism Hyperuricemia Normal Crude OR p Adjusted OR® p
(n=338) (n=1139) (95% Cl) (95% Cl)
Codominant
CcC 76 (22.49) 244 (21.42) 1.00 - 1.00 -
CT 174 (51.48) 537 (47.15) 1.04 (0.76-1.42) 0.802 0.90 (0.65-1.26) 0.548
T 88 (26.04) 358 (31.43) 0.79 (0.56-1.12) 0.182 0.72 (0.49-1.04) 0.078
Dominant
CC 76 (22.49) 244 (21.42) 1.00 - 1.00 -
CT+TT 262 (77.51) 895 (78.58) 0.94 (0.70-1.26) 0.677 0.83 (0.60-1.13) 0.237
Recessive
CC+CT 250 (73.96) 781 (68.57) 1.00 - 1.00 -
T 88 (26.04) 358 (31.43) 0.77 (0.58-1.01) 0.058 0.77 (0.57-1.03) 0.079
Allelic
C 326 (48.22) 1025 (45.00) 1.00 - - -
T 350 (51.78) 1253 (65.00) 0.92(0.75-1.12) 0.377 - -

OR, odds ratio; CI, confidence index. 2Adjusted by age, creatinine, triglycerides, total cholesterol, diastolic blood pressure and

body mass index.

Table S2. Association of the MTHFR C677T polymorphism with hyperuricemia among females

Polymorphism Hyperuricemia Normal Crude OR p Adjusted OR® p
(n=46) (n = 696) (95% Cl) (95% Cl)
Codominant
CcC 8 (17.39) 158 (22.70) 1.00 - 1.00 -
CT 27 (58.70) 321 (46.12) 1.66 (0.74-3.74) 0.220 1.20 (0.51-2.80) 0.677
T 11 (23.91) 217 (31.18) 1.00 (0.39-2.55)  0.998 0.55 (0.20-1.55) 0.258
Dominant
CC 8 (17.39) 158 (22.70) 1.00 - 1.00 -
CT+TT 38 (82.61) 538 (77.30) 1.40 (0.64-3.05) 0.405 0.94 (0.41-2.15) 0.891
Recessive
CC+CT 35 (76.09) 479 (68.82) 1.00 - 1.00 -
T 11 (23.91) 217 (31.18) 0.69 (0.35-1.39) 0.303 0.48 (0.22-1.06) 0.070
Allelic
C 43 (46.74) 637 (45.76) 1.00 - - -
T 49 (53.26) 755 (54.24) 0.97 (0.60-1.56)  0.889 - -

OR, odds ratio; CI, confidence index. 2Adjusted by age, creatinine, triglycerides and body mass index.
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Table S3. Baseline characteristics of the studies included in the meta-analysis

Author (year)  Country ) Genotyping Source of ) P
L Study design Age, years Diagnosis Criteria Gender

[Ref.] (Ethnicity) y g Method ge. v Controls g
Zuo et al. Japan Cross PCR-RFLP 52.6 +8.8 PB > 417 mg/dl Males
(2000) [11] (East Asian) sectional
Hong et al. Korean Cross PCR-RFLP 51.87 (40-81) PB > 417 mg/dl Males
(2004) [12] (East Asian) sectional
Lili Ding China Case-control Gene-chip Case: 38.89 + 8.45 HB > 420 pymol/L Males
(2005) [13] (East Asian) Control: 37.77 + 8.30
Shi et al. China Case-control PCR-RFLP Case: 55 + 11 PB Males: > 420 pmol/L Males/females
(2006) [14] (East Asian) Control: 54 + 12 Females: > 360 uymol/L
Golbahar et al. Iran Cross PCR-RFLP Females: 44.5 + 15.8 PB Females: > 285.6 mmol/L Males/females
(2007) [15] (Iranian) sectional Males: 50.1 + 16.2 Males: > 315.4 mmol/L
Wang et al. China Case-control PCR-RFLP Case: 43.9+11.2 HB Males: > 417 pmol/L Males/females
(2007) [16] (East Asian) Control: 43.4 + 12.3 Females: > 356 ymol/L
Mai et al. China Case-control PCR-RFLP Case: 60.6 + 16.0 HB > 416 pmol/L Males
(2008) [17] (East Asian) Control: 60.7 £ 12.0
Zhang et al. China Case-control PCR-RFLP - HB Males: > 417 pmol/L Males/females
(2008) [18] (East Asian) Females: > 356 umol/L
Hinohara et al. Japan Cross PCR-CTPP Females: 49.2 + 8.7 PB > 417 mg/dl Females
(2013) [19] (East Asian) sectional Males: 50.7 + 8.6
Yuyang Pan China Case-control PCR-LDR Case: 49.33 + 10.24 HB Males: > 417 ymol/L Males/females
(2014) [20] (East Asian) Control: 50.79 + 10.20 Females: > 357 ymol/L
Present study China Cross TagMan Females: 45.64 + 9.34 HB Males: > 360 pmol/L Males/females

(East Asian) sectional Males: 47.43 + 10.04 Females: > 420 pymol/L

PCR-RFLP, polymerase chain reaction-restriction fragment length polymorphism; PCR-CTPP, polymerase chain reaction with confronting two pair primers; PCR-LDR,
polymerase chain reaction-ligase detection reaction; HB, hospital based; PB, population based.
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Name Year
Zuoetal.[11] 2000
Hong et al.[12) 2004
Lili Ding [13] 2005
Shietal.[14] 2006
Wang et al. [15] 2007

Golbahar et al. [16] 2007
Mai et al.[17] 2008
Zhang et al.[18] 2008
Hinohara et al. [19] 2013
Yuyang Pan [20] 2014
Present study

Overall (I-squared = 85.9%, p = 0.000)

NOTE: Weights are from random effects analysis

OR (95% CI)

235(1.23,449)

227(1.30,3.99)

2.05(1.04, 4.04)

1.83(0.99,3.38)

244(141,422)

3.24(2.26,465)

—_—) 710074, 184)

2.83(1.37,5.82)

0.99(0.84, 1.17)

1.12(0.83, 1.51)

1.00(0.77, 1.31)

1.94(1.39,2.70)

%

Weight

820

8.87

797

847

8.9

1043

6.01

7.61

I
0.0543

I
184

Figure S1. Forest plot of the association between MTHFR C677T polymorphism and hyperuricemia in the dominant

model (TT + CT vs. CC).
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%

Name Year OR (95% CI) Weight
[
I

Zuoetal.[11] 2000 e — 2.09(1.05,4.13) 7.89
1
1

Hong et al. [12] 2004 + 210(1.17,3.78) 8381
1

Lili Ding [13] 2005 -—‘:0— 1.83(0.91, 3.69) 172
I
I

Shi etal. [14] 2006 - 1.64(0.85, 3.16) 8.13
1
I

Wang etal. [15] 2007 —:—0'— 215(1.18,3.91) 8.68
I

Golbahar et al. [16] 2007 : 3.21(2.21,4.67) 10.94
I
' N\

Mai et al. [17] 2008 [ 2 5.60(1.95,16.04) 5.09
I
1

Zhang et al. [18] 2008 —f—.— 2.66(1.20,5.91) 6.88
1

Hinohara et al. [19] 2013 - : 1.00(0.84, 1.19) 12.58
I
1

Yuyang Pan [20] 2014 - 1.20(0.88, 1.65) 1149
[
1

Present study —t— : 1.12(0.85, 1.48) 11.80

Overall (I-squared = 80.4%, p = 0.000) @ 1.81(1.34,2.45) 100.00
I
1

NOTE: Weights are from random effects analysis :
1

| |
0.0624 1 16

Figure S2. Forest plot of the association between MTHFR C677T polymorphism and hyperuricemia in the heterozy-

gous codominant model (CT vs. CC).
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%

Name Year OR (95% CI) Weight
I
I

Zuoetal.[11] 2000 —t—— 3.33(1.40,7.89) 8.18
I
I

Hong et al. [12) 2004 —{—o—— 2.91(1.36,6.20) 8.97
I

Lili Ding [13] 2005 L E— 3.05(1.18,7.93) 754
1
[

Shi etal. [14] 2006 . a— 2.39(1.03,5.58) 3.30
1
I

Wang et al. [15) 2007 +0— 3.00(1.51,5.96) 9.53
I

Golbahar et al. [16] 2007 —Ir—'b— 346(1.61,7.44) 891
I
I

Maietal. (17) 2008 1 12.38(2.47,62.01) 420
I
1

Zhang etal. [18] 2008 —:—0— 3.14(1.22,8.09) 7.60
I

Hinohara et al. [19] 2013 - : 0.97(0.76, 1.23) 12.62

| 1

I

Yuyang Pan [20] 2014 - ! 0.98(0.68, 1.41) 11.92
I
I

Present study - : 0.82(0.60, 1.13) 12.22

Overall (I-squared = 80.9%, p =0.000) @ 2.07(1.39,3.09) 100.00
I
I

NOTE: Weights are from random effects analysis :
L

| |
0.0161 1 62

Figure S3. Forest plot of the association between MTHFR C677T polymorphism and hyperuricemia in the homozy-

gous codominant model (TT vs. CC).
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Name Year OR (93% CI) Weight
1

Zuoetal.[11] 2000 —%—0— 2.17(1.03,4.58) 7.66
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I
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Golbahar et al. [16] 2007 —%—-ﬁ— 2.05(0.98,4.32) 7.66
I

Mai etal, [17] 2008 : ’ > 686(143,3277) 274

Zhang etal. (18] 2008 ——;—0— 1.90(0.81,4.46) 6.56

Hinohara et al. [19] 2013 <= E 0.97(0.78, 1.21) 14.74
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Figure S4. Forest plot of the association between MTHFR C677T polymorphism and hyperuricemia in the recessive
model (TT vs. CT + CC).
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Figure S5. Forest plot of the association between MTHFR C677T polymorphism and hyperuricemia in the allelic
model (T vs. C).
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Name Year OR (95% CI)

Zuoetal. [11] 2000 2.35(1.23,4.49)
Hong et al. [12] 2004 —_— 2.31(1.51,3.53)
Lili Ding [13] 2005 —_— 2.23(1.56,3.20)
Shi etal. [14] 2006 2.12(1.56,2.89)
Wang et al. [15] 2007 2.19(1.68,2.87)
Golbahar et al. [16] 2007 2.52(2.03,3.13)
Maietal. [17] 2008 2.62(2.04,3.36)
Zhang et al. [18] 2008 2.65(2.13,3.29)
Hinohara et al. [19] 2013 —_— 2.34(1.49,3.67)
Yuyang Pan [20] 2014 —_— 2.13(1.45,3.11)
Present study 1.94 (1.39,2.70)

I I
0.223 1 4.49

Figure S6. The cumulative forest plot of OR with 95% ClI for the MTHFR C677T polymorphism and hyperuricemia in
the dominant model.
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Figure S7. Sensitivity analysis of the association of MTHFR C677T polymorphism with hyperuricemia in the domi-
nant model.
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Figure S8. Funnel plot analysis on the detection of publication bias in the meta-analysis of the association between
the MTHFR C677T polymorphism and hyperuricemia in the dominant model.



