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Abstract

Genetic association studies on MTHFR C677 T polymorphism and depression have been repeatedly performed over the last two decades and results are generally
inconsistent. The aim of the present study was to assess the risk of MTHFR C677T polymorphism for depression in Asian population. The author performed a
meta-analysis and pooled data from individual case-control studies that examined the association between C677T polymorphism and depression (meta-analysis: 13
studies, 1,120 cases and 1,688 controls).The pooled Odd Ratios (OR) were estimated by both fixed effects and random effects models. Overall, there was an asso-
ciation between MTHFR C677T polymorphism and increased risk of depression under five genetic models (OR T vs. C=1.44, 95% CI= 1.56-1.78, P=0.001; OR TT
vs. CC=1.78, 95% CI 1.17-2.69, P=0.006; OR CT vs CC=1.102, 95% CI=0.91-1.32,P=0.31; OR TT vs. CT+CC=1.73, 95% CI= 0.87-3.41, P=0.11; OR TT+CT
vs. CC=1.26, 95% CI=0.96-1.64, P=0.08). Sensitivity analysis suggested exclusion of any single study did not alter the overall pooled Ors. In conclusion results of
present meta-analysis supports that there is a significant association between MTHFR C677T polymorphism and depression risk, and MTHFR 677T allele contributes

to increased risk of depression in Asian individuals.
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Introduction

Neuropsychiatric diseases are complex genetic dis-
orders and family, twin and adoption studies indicate
that simple Mendelian genetics with one gene—one phe-
notype are not applicable to psychiatric diseases. Mood
disorders are among the most prevalent forms of mental
illness. Epidemiologic studies show that roughly 40%-
50% of the risk for depression is genetic (1). This makes
depression a highly heritable disorder, at least as herita-
ble as several common complex medical conditions like-
type 1l diabetes, hypertension, asthma etc. Although a
possible role of nutritional factors in the pathogenesis of
neuropsychiatric disorders has long been debated, clini-
cal studies have shown an inverse relationship between
folate status and depression (2-4). Such a relationship
has been inferred from studies showing increased fre-
quency of folate deficiency among depressed patients,
more severe and prolonged (5) depressive episodes and
weaker treatments with low folate status (5-7) and en-
hanced antidepressed response with folic acid supple-
mentation (5,7,8).

The principal biochemical role of folate in mammals
is in mediating the transfer of single-carbon molecules
for various biological reactions (9). Folate plays an in-
tegral role in DNA synthesis and methylation, and as an
epigenetic regulator of gene expression, DNA integrity
and stability (9). The intracellular coenzymatic form of
folate is 5, 10-methylenetetrahydrofolate, which is re-
quired for de novo purine synthesis (9) and also in the
remethylation of homocysteine to methionine. Methio-
nine is the precursor of S-adenoysylmethionine (SAM),
which is the primary methyl group donor for most bio-
logical methylation reactions, including DNA methyla-
tion (10). Methylenetetrahydrofolate reductase (MTH-

Copyright © 2014. All rights reserved.

FR) is one of the enzymes involved in this metabolic
pathway. MTHFR catalyzes the irreversible conversion
of 5,10-methylenetetrahydrofolate to 5-methyltetra-
hydrofolate and directs the flux of intracellular folate
toward the conversion of homocysteine to methionine
at the expense of nucleotide synthesis (11). C677T
(Ala222Val) is clinically important and common poly-
morphisms have been described for this enzyme (12).
The MTHFR gene variants are reported to be associ-
ated with the risk of certain human diseases/ disorders,
including cardiovascular disorders, cancers, neural tube
defects, Down syndrome and pregnancy complications
and psychiatric disorders etc. (12-20). There is marked
variation in the frequency of C677T allele between
populations (21-23). The highest frequency (>20%) is
found among US Hispanics, Colombians and Amerindi-
ans in Brazil, conversely in Black populations, less than
2 percent have the variant genotype (24). Case—control
studies that investigated the association between de-
pression and the C677T polymorphismso far provided
controversial or inconclusive results. Each study in-
volved small numbers of cases and controls, and data
interpretation was complicated by the fact that different
populations and sampling strategies were used. To shed
some light on these controversial results, as well as to
decrease the uncertainty of the effect size of estimated
risk, a meta-analysis of all available Asian studies relat-
ing the C677T polymorphism of the MTHFR gene to
the risk of developing depression was carried out.

Methods

Study identification
A literature search for all studies reporting on the as-
sociation between MTHFR C677T genotype and de-
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Table 1. Characteristics of thirteen studies included in the present meta-analysis.

S. No. Study Country Case Control Year References
1 Arinami et al.,1997 Japan 32 419 1997 Am J Med Genet 74:526-528
2 Kunugi et al.,1998 Japan 71 258 1998 Mol Psychiatry 3:435-437.
3 Tan et al.,2004 Singapore 88 120 2004 Psychiatr Genet 14:227-231
4 Chen et al.,2005 China 39 20 2005 Am J Geriatr Psychiatry 13:872 -875
5 Yuan et al.,2007 China 60 71 2007 Chin J Geriatrics 26:767-9.
6 Yuan et al.,2008 China 116 80 2008 Acta Neuropsychiatrica 20: 251-255
7 Zhao et al.,2008 China 77 85 2008 Chin J Nerv Ment Dis 34:378-80.
8 Hong et al.,2009 China 178 85 2009 Am J Geriatr Psychiatry 17:847-55.
9 Kim et al.,2009 South Korea 63 458 2009 Psychosom. 71, 286291
10 Yang et al.,2009 China 100 100 2009 Chin J Behav Med Brain Sci 18:398-400.
11 Cao et al.,2010 China 50 59 2010 Guangdong Med J 31:2946-9.
12 Feng et al.,2010 Chian 152 152 2010 Basic Clin Med 30: 811-4.
13 Quiao et al.,2012 China 94 98 2012 J Psychiatry 24:92-4.

Table 2. The distributions of MTHFR C677T genotypes and allele frequencies in depression cases and controls.

Genotype Alleles
Study ID CccC CT TT C T
Case Control Case Control Case Control Case Control Case Control
Arinami, 1997 9 154 14 214 9 51 32 522 32 316
Kunugi, 1998 30 95 31 129 10 34 90 319 51 197
Tan,2004 49 80 34 33 5 7 132 193 44 47
Chen,2005 22 11 15 9 2 0 59 31 19 9
Yuan,2007 22 27 27 38 11 15 49 92 92 68
Yuan,2008 46 27 48 38 22 15 92 140 68 92
Zhao,2008 12 21 37 48 28 16 61 90 93 80
Hong,2009 75 32 84 44 19 9 234 108 122 62
Kim,2009 16 84 28 248 19 126 69 416 66 500
Yang,2009 33 52 50 40 17 8 116 144 84 58
Cao,2010 9 24 23 27 18 8 41 75 59 43
Feng,2010 32 51 66 81 54 20 130 183 174 121
Quiao,2012 24 36 43 45 27 17 91 117 97 79

pression was conducted using the electronic databases
PubMed, Google Scholar and Springer link up to Oc-
tober, 2013. The search strategy included the keywords
“depression”, ‘“‘polymorphism”, “methylenetetrahy-
drofolate reductase” and “MTHFR”. Eligible studies
had to meet all of the following criteria: (1) published
in a peer-reviewed journal, (2) contained independent
data, (3) presented sufficient data to calculate the odds
ratio (OR) with a confidence interval and a P-value, (4)
were association studies, (5) described the relevant ge-
notyping protocols, (6) they properly diagnosed patients
according to DSM-IV criteria and (7) they used healthy
individuals as controls.

Data extraction

Following informations were extracted from each
study- first authors name, journal name, year of publica-
tion, country name, number of cases and controls. When
a study reported results on different subpopulations ac-
cording to ethnicity, author considered each subpopula-
tion as a separate study in the meta-analysis.

Meta-analysis

The meta-analysis examined the overall association
of the 677T allele with the risk of depression relative
to allele C. The associations were indicated as odds ra-
tios (OR) with the corresponding 95% confidence in-
terval (CI). Then, based on the individual OR, a pooled
OR was estimated. Heterogeneity between studies was
tested using the Q-statistic, which is a weighted sum of
squares of the deviations of individual study OR esti-
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mates from the overall (pooled) estimate (25) and quan-
tified with the 12 metric. 12 takes values between 0 and
100% with higher values denoting greater degree of het-
erogeneity (26,27). The pooled OR was estimated using
fixed effects (FE) (28) and random effects (29) models.
Random effects modeling assume a genuine diversity
in the results of various studies, and it incorporates to
the calculations a between-study variance. Hence, when
there is heterogeneity between studies, then the pooled
OR is preferably estimated using the random effects
model.

Publication bias

Publication bias was investigated with the funnel
plot. Funnel plot asymmetry was further assessed by
the method of Egger’s linear regression test (30). All
analyses were performed using the computer program
MIX version 1.7 (31). A p value less than 0.05 was con-
sidered statistically significant, and all the p values were
two sided.

Results

Characteristics of included studies

Thirteen studies, summarized in Table 1, reported
the association of SNP C677T polymorphism in the
MTHFR gene with depression and included in the pres-
ent meta-analysis (32-44). The studies were carried out
in Japan (32,33), Singapore (34), Taiwan (35), China
(36-39,41-44), and Korea (40). In all thirteen studies,
total cases were 1120 with CC (379), CT (500) and
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TT (241), and controls were 1688 with CC (694), CT
(994), and TT (326). In controls genotypes percentage
of CC, CT and TT were 41.11%, 58.88% and 19.31%
respectively. In total cases genotype percentage of
CC, CT, and TT was 33.84%, 44.64% and 21.52 % re-
spectively. Frequency of CC genotype was highest in
both cases and controls (Table 2). Except three studies
(33,39,40), OR was above one in all included studies.
Author has assessed whether the frequencies of CC, CT
and TT genotypes among controls in individual studies
were consistent with the expected distribution (that is
in Hardy-Weinberg equilibrium) by using the X2 test.
Genotypes were in Hardy-Weinberg equilibrium in all
controls.

Meta-analysis
The main analysis for investigating the association
of the C677T allele T and the risk of developing de-

pression relative to the allele C showed significant het-
erogeneity (Phet=0.0001, [2= 68.68%) between the 13
studies; the fixed and random effects pooled OR were
significant (ORFE=1.4, 95% CI=1.25-1.58, p<0.0001;
OR RE=1.44, 95%CI=1.56-1.78, p=0.001) (Table3;
Figure 1). The genotype differences for the homozy-
gote (TT vs. CC) revealed significant heterogeneity
(Phet= 0.02; 12= 60.83%) and a significant association
in both fixed and random effects pooled OR (ORFE
= 1.75, 95% CI= 1.37-2.23, p<0.0001; ORRE= 1.79,
95%Cl= 1.17-2.69, p=0.006) (Figure 2). The reces-
sive model for allele T (TT vs CT+CC) produced the
same pattern of genotypic association as found for the
homozygote frequencies, and found significant hetero-
geneity, (Phet<0.0001; 12=90.38), overall fixed effects
OR=1.19(95%CI=1.00-1.43;p=0.04) and random ef-
fect OR=1.73 (95%CI=0.87-3.41; p=0). The dominant
model for the effect of T allele in the main analysis

Table 3. Summary estimates for the odds ratio (OR) of MTHFR C677T in various allele/genotype contrasts, the significance level (p value) of

heterogeneity test (Q test), and the I* metric and publication bias p-value (Egger Test).

Fixed effect

Random effect

Heterogeneity Publication Bias

Genetic Models I’ (%
OR (95% CI), p OR (95% CI), p p-value (Qtest)y | ") (p of Egger’s test)
Allele Contrast (T vs C) 1.41(1.251-1.585),<0.0001 1.44(1.56-1.783),0.001 0.0001 68.68 0.57
Co-dominant (Ct vs CC) 1.10(0.92-1.326), 0.3013 1.10 (0.878-1.381),0.4025 0.14 30.16 0.73
Homozygoote (TT vs CC) 1.75(1.372-2.235),<0.0001 1.78(1.174-2.692),0 006 0.002 60.83 0.74
Dominant (TT+CT vs CC) 1.25(1.052-1.490),0.011 1.26(0.969-1.640), 0.084 0.01 53.45 0.57
Recessive (TT vs CT+CC) 1.19(1.00-1.431),0.049 1.73(0.871-3.416),0.117 <0.001 90.38 0.25
Exposed Control Weight Association measure
Study ID Year AM[e]SEle]  AM[c]'SE[¢] ) with 95% CI
Arinami, 1987 05010261 0.501/0.261 704% | 16504 (0.9895 to 2.7526)
Kunugi,1998 -00830199 008310199 = 843% | 09204 (06231 to 1.3584)
Tan,2004 03150237 03150237 756% | 13703 (0.8611 to 21804)
Chen,2005 01040461 010410461 384% | 11096 (0.4435 to 2.7389)
Yuan,2007 08320239 093200239 — 752% | 25386 (15897 to 4.0569)
Yuan,2008 01130207 04130207 —q 825% | 1196 (0.7462 to 16739)
Zhao,2008 05420226 05420226 8 —_ 781% | 17134 (11041 to 26777)
-
Hong,2009 00940135 -0.09410.195 & —a 8s2% | 09103 (06211 to 1.334)
Kim,2009 02230186 -0.2230.186 —t 873% | 08001 (05557 to 1.1521)
Yang,2009 05880211 058810211 i 815% | 1.8004 (1.1906 to 2.7225)
Ca02010 092028 0920028 1 — 665% | 25083 (1.445 to 4.344)
Feng,2010 07030164 07030164 - 924% | 20198 (1.4646 to 2.7855)
Quiao,2012 04570207 045710207 A 825% | 15793 (1.0526 to 2.36%6)
META-ANALYSIS: 100%  NININNININD 14384 (11566 to 1.7638)
/ 01 1 10
\ OR (log scale)
Exposed Control Weight Association measure
Study ID Year nfelE=t)nfe] nlclE=1)nic] 6 With 5% C1
Arinami;1997 ans 511205 T 787% | 30196 (1137 to 8019)
Kunugi,1998 1040 34129 880% | 0.9314 (04119 to 24059)
Tan2004 5154 787 830% | 11862 (0.3507 to 3.8775)
Chen,2005 224 om 156% | 25556 (013 to 57.7802)
Yuan 2007 1733 1542 778% | 0.9(0.3445 to 23513)
Yuan 2008 2288 1542 884% | 0.8609 (0.3629 to 1.9356)
Zhao,2008 28140 16037 ¢ —_ 793% | 3.0625 (11984 to 7.8263)
¥ -]
Hong,2009 19594 a1 @ 824% | 0.9007 (0.3682 to 2.2035)
Kim,2009 19735 126210 952% | 07917 (0.3853 to 16265)
Yang,2009 17550 a0 4 - 787% | 33485 (12991 to 86306)
20,2010 18027 a2 | S 670% | 6(1.9351 to 185034)
Feng,2010 54136 2071 . 985% | 43031 (21862 to 8.47)
Quiso,2012 27151 17553 8o4% | 23824 (1.0738 to 5.2855)
META-ANALYSIS: 241620 3261020 100% NN 17785 (11748 0 26926)
01 1 10 100
OR (log scale)

Figure 1. A. Forest plots for the association between MTHFR C677T polymorphism and depression for additive model (T vs C) with fixed effect

model, B. for homozygote model (TT vs. CC).
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Exposed Control Weight Association measure
Study ID Year n[el(E=1)n[e] n[c}(E=1)n[c] (%) with 95% CI
Arinami 1997 91237 51/442 —_ 817% | 0.3026 (0.1462 to 0.6262)
Kunugi,1998 10170 341319 R | 816% | 0.5239 (0.2522 to 1.0884)
Tan,2004 5172 71203 7.09% | 2.0896 (0.6416 to 6.5048)
Chen, 2005 2026 0i57 319% | 11.7347 (0.5431 to 253.5378)
Yuan,2007 1176 15128 793% | 1.2862 (0.5577 to 2.8659)
Yuan,2008 22108 15174 = 821% | 27116 (1.3375 to 5.4977)
Zhao,2008 28113 16134 @ 2 o 828% | 2.4284 (1.2375 to 4.7694)
Hong,2009 19147 9/244 g I 797% | 3.8759 (1.704 to 8.8161)
Kim 2008 191285 1264502 —— 858% | 0.2054 (0.1238 to 0.341)
Yang,2009 17107 8183 — — 784% | 41318 (1.7174 to 9.8412)
Ca0,2010 18168 891 — 778% | 3.735(1.5129 to 9.2208)
Feng,2010 54,201 207250 —_— 850% | 4.2245 (2.4295 to 7.3457)
Quiao,2012 27115 171865 ] S 830% | 26711 (1.3782 to 5.1769)
A META-ANALYSIS: 2411735 32642893 O 100% [0 1.7257 (0.8717 to 3.4164)
01 1 10 100 1000
OR (log scale)
Exposed Control Association measure
Study ID Year n[el(E=1)n[e] n[c)(E=1)n[c] with 95% CI
Arinami, 1997 14123 2144368 460% | 11184 (0.4725 to 2.6523)
Kunugi,1998 3151 1291224 1268% |l 0.761 (0.4314 to 1.3424)
Tan,2004 34583 33113 771% | 1.6821 (0.9264 to 3.0543)
Chen,2005 15137 8i20 3.24% | 0.8333 (0.2778 to 2.4998)
Yuan 2007 27149 3885 685% | 0.872(0.4125 to 1.8433)
Yuan,2008 48/94 38065 10.27% I 0.7414 (03918 to 1.4031)
Zhao,2008 37149 48/69 @ 456% | 1.349 (0.5889 to 3.0899)
Hong,2008 841158 44776 § 1312% Il 0.8145 (04692 to 1.4141)
Kim 2008 28144 2481332 986% | 0.5827 (0.3057 to 1.1494)
Yang,2009 50i83 40192 e 704% | 1.9697 (1.0782 to 3.5984)
Ca0,2010 23132 27151 273% | 22716 (0.8815 to 5.8542)
Feng, 2010 66/98 81132 10.53% Il 1.2886 (0.7503 to 2.2477)
Quiao,2012 4357 45131 682% | 1.4333 (0.7375 to 2.7855)
META-ANALYSIS: 5004879 994/1688 ) ] 100% [N 11025 (0.8163 to 1.3266)
01 1 10
E’ OR (log scale)
Exposed Control Weight Association measure
Study ID Year n[el(E=1)n[e] n[c)(E=1)n[c] (%) with 95% CI
Arinami 1997 23132 2651419 630% | 1.4851 (06701 to 3.2913)
Kunugi,1998 Mnm 1637258 8.22% | 0.7965 (0.4667 to 1.3594)
Tan,2004 39/88 40120 881% | 1.5918 (0.9034 to 2.8035)
Chen,2005 17439 9720 422% | 0.9444 (0.3192 to 2.7943)
Yuan,2007 3880 53580 725% | 0.8799 (0.4368 to 1.7725)
Yuan,2008 70116 53580 8.46% | 0.7752(0.4279 to 1.4045)
Zhao,2008 6577 64,85 8 B37% | 1.7773(0.8076 to 3.9114)
Hong,2009 103178 53185 § 9.28% | 0.8292 (0.488 to 1.4089)
Kim 2009 47183 374458 821% | 06598 (0.3568 to 1.2199)
Yang,2009 671100 481100 b 8.73% | 21995 (1.2409 to 3.8987)
Ca0,2010 41150 35/59 ——-— 552% | 31238 (1.2841 to 7.5994)
Feng,2010 120152 101152 P I — 9.48% | 1.8936 (11312 to 3.1697)
Quiaon,2012 70/94 62/98 8.16% | 16935 (0.8116 to 3.1462)
META-ANALYSIS: 7411120 1320/2014 <.> 100% (000000 1.261 (0.8692 to 1.6406)
C 041 1 10
OR (log scale)

Figure 2. A. Forest plots for the association between MTHFR C677T polymorphism and depression for dominant model (TT+CT vs. CC), B. co-
dominant model (CT vs. CC) and C. recessive model (TT vs. CT+TT).
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Figure 3. Funnel plots A. precision versus OR (T vs C), B. standard error versus OR (T vs C), C. precision versus OR (TT vs CC) D. standard
error versus OR (TT vs. CC), E. precision versus OR (TT+CT vs CC) and F. standard error versus OR (TT+CT vs CC).

showed significant marginal association with fixed ef-
fects model (OR= 1.25; 95%CI= 1.05-1.49; p=0.01)
and insignificant association with random effects (OR=
1.26; 95% CI= 0.96-1.64; p=0.08) with moderate het-

erogeneity (Phet=0.01; 12=53.45) (Figure 3).

Copyright © 2014. All rights reserved.

Publication bias

Funnel plot and Egger’s test were used to assess the
publication bias in this meta-analysis. Funnel plots’
shape of all contrasts did not reveal obvious evidence
of asymmetry, and all the P values of Egger’s test were
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more than 0.05, providing statistical evidence for the
funnel plots’ symmetry ( Table 3;Figure 4).

Discussion

Folate deficiency due to low dietary, or impaired
absorption and metabolism or due to dysfunctional
MTHFR enzyme, may result in decreased DNA synthe-
sis, increased DNA strand breaks, impaired DNA repair,
enhanced mutagenesis and alterations in DNA methyla-
tion patterns. All of these events have been implicated
in neurodevelopment (45-47). It has also been reported
that disturbances in the folate-dependent one carbon me-
tabolism may contribute to neurodegenerative diseases
including depression (48). A low concentration of SAM
is associated with reduced activity of SAM-dependent
methyltransferases, including DNA methyltransferase
and COMT (49). MTHFR plays a central role in bal-
ancing DNA synthesis (which involves methylenetet-
rahydrofolate) and DNA methylation (which involves
methyltetrahydrofolate). Heterozygosity and homozy-
gosity for MTHFR C677T polymorphism resulted in a
lower MTHFR activity (50) leads to hyperhomocystein-
emia. High concentrations of homocysteine are toxic not
only for vascular endothelial cells but also to neuronal
cells (51). An adequate amount of folate is required to
maintain low levels of homocysteine in the central ner-
vous system and brain especially developing brain may
be particularly vulnerable to high level of homocyste-
ine in the blood because it lacks two major metabolic
pathways for its elimination: betaine remethylation and
transsulfuration (52). The possible mechanism underly-
ing MTFHR C677T polymorphism and depression as-
sociation is that the genetic and environmental factors
elevate homocysteine levels, which cause vascular dis-
ease of the brain, and /or transmitter alterations, which
causes depression (53).

Meta-analysis is a powerful tool for analyzing cumu-
lative data of studies where the individual sample sizes
are small and the statistical power low. Present meta-
analysis has included data for the C677T MTHFR poly-
morphism from over 1120 subjects who were suffering
with depression, along with a 1688 controls. Author
found an association of this polymorphism with depres-
sion, but there was statistically significant heterogeneity
in the results of different studies. Several meta-analysis
studies were published to illustrate the utility of the tech-
nique in identifying genes of small effects like MTHFR
with phenotypes like cancer (54,55), myocardial infarc-
tion (56), NTD (57), Down syndrome (58,59), Stroke
(60), Migraine (61), Schizophrenia (20,62), bipolar
disorder (63), Alzheimers disease (64), recurrent preg-
nancy loss (65) and orofacial cleft (66) etc.

Author identified four meta-analysis (20,49,67,68)
published between 2006 to 2013 concerning similar
topic during the literature search; all four examined
the effect of MTHFR C677T on depression risk. In
2006, Zintzaras (67) performed a meta-analysis based
on five studies and did not find significant association
between MTHFR polymorphisms and depression risk
(OR=1.15; 95% CI=0.97-1.36). In 2007, another meta-
analysis aggregated with ten studies and found slight
significant relationship (OR=1.14; 95%CI= 1.04-1.26)
(49). Peerbooms et al (20) included seventeen studies

Copyright © 2014. All rights reserved.

of depression in their combined meta-analysis of major
psychiatric disorder including 26 studies of schizophre-
nia, bipolar and depression. In a recent meta-analysis
(68), authors included twenty six studies in their meta-
analysis on the association between MTHFR gene poly-
morphisms and depression, including 4992 depression
cases and 17,082 controls and found statistical associa-
tion with additive dominant model: OR = 1.19, 95%CI
=1.07-1.32. There are several newly published studies
available but not included in the previous meta-anal-
yses. In addition these meta-analyses included mixed
population. So author conducted a meta-analysis with
single ethnic population i.e Asian population and found
strong significant association between C677T polymor-
phism and depression risk in Asian population. Depres-
sion risk in Asian population could be ascribed to the
folate metabolism profile and dietary structure of dif-
ferent regions.

There were few limitations in the present meta-anal-
ysis: 1) used crude ORs in the pooled analysis without
adjustment; ii) relatively small sample sizes of some
studies included in the analysis. Present meta-analysis
had some strength. First, only Asian studies were in-
cluded, second substantial number of cases and controls
were pooled from different studies, which significantly
increased the statistical power of the analysis and third,
no publication biases were detected; indicating that the
whole pooled results may be unbiased.

In conclusion, pooled analysis of data from thirteen
separate studies indicates that the MTHFR 677TT geno-
type is associated with significant risk of depression in
Asian population. This association was complicated by
between study heterogeneity. Future large-scale, popu-
lation-based association studies are required to investi-
gate potential gene—gene and gene—environment inter-
actions involving the MTHFR C677T polymorphism in
determining depression risk in Asian population.
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