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Abstract
Background The folate metabolism that converts homocysteine to methionine is closely related to the accumulation of 
homocysteine. Increased homocysteine levels lead to an impaired antithrombotic function of the vascular endothelium and 
uterine-placental circulation, resulting in abnormal pregnancy outcomes. Previous studies have reported that gene polymor-
phisms in folate metabolism are associated with the development of preterm birth (PTB) in various populations.
Objective we performed a case–control study to evaluate the association between five polymorphisms in folate metabolic 
genes (MTHFR, MTR, MTRR, TCN2) and PTB.
Methods In this study, a total of 254 subjects were analyzed (111 patients with PTB and 143 women at ≥ 38 weeks of gesta-
tion). Genotype and allele frequency differences between patients and control groups and the Hardy–Weinberg equilibrium 
were assessed using a Chi-square test. For evaluation indicators, odds ratios (ORs) of 95% confidence intervals (CI) were 
estimated. In addition, we analyzed the combined genotype frequencies of SNPs of folate-metabolizing genes to measure 
gene–gene interactions for PTB.
Results Our results showed that the MTR rs1805087 GG (p = 0.031), and TCN2 rs1801198 CG genotype (OR 0.53, 95% 
CI 0.288–0.980, p = 0.042) were significantly associated with PTB. The MTHFR rs4846049 AA showed a marginal trend 
toward significance (OR 0.15, 95% CI 0.018–1.205, p = 0.041). In particular, the combined genotypes, including MTHFR 
rs1537514 CC—MTRR  rs1801394 GG, MTHFR rs1537514 CC—TCN2 rs1801198 CG, and MTR rs1805087 AA—TCN2 
rs1801198 CG, have significant interactions with PTB (OR 0.49, 95% CI 0.248–0.992, p < 0.05).
Conclusion The polymorphisms of folate metabolic genes may have a genetic association with the development of PTB in 
Korean women. A larger sample set and functional studies are required to further elucidate our findings.

Keywords Preterm birth · Folate metabolism · Polymorphisms · Korean women · Genetic association · MTHFR · MTR · 
TCN2

Introduction

Preterm birth (PTB) is a common pregnancy-related disease 
defined as delivery before 37 weeks of gestation and is one 
of the major determinants of neonatal and maternal morbid-
ity (Smith 2012). A previous study has reported that approx-
imately 28% of all neonatal deaths are caused by PTB (Blen-
cowe et al. 2012). In most developed countries, 5–7% of all 

births were reported as premature, and this figure appears to 
be increasing (Beck et al. 2010). The proportion of PTBs in 
the Korean population was 7.2% in 2016, which is 1.5 times 
more than that in 2006 (http:// kostat. go. kr/ portal/ korea/ kor_ 
nw/1/ 2/1/ index. board? bmode= read& aSeq= 362574). Vari-
ous factors, such as maternal anthropometrics, health condi-
tion, age, prenatal care, and socioeconomic status, have been 
associated with PTB (Han et al. 2011). However, the exact 
etiology of PTB is not yet well understood (Han et al. 2011).

Several recent studies have reported that homocysteine 
is associated with the development of PTB (Tellapragada 
et al. 2016; Wang et al. 2015). Homocysteine is a sulfur 
amino acid derived from the demethylation of methio-
nine (Hankey and Eikelboom 1999). It can induce oxida-
tive stress, DNA strand breakage, and apoptosis (Mattson 

Online ISSN 2092-9293
Print ISSN 1976-9571

 * Han Jun Jin 
 Jins4658@dankook.ac.kr

1 Department of Biological Sciences, College of Natural 
Science, Dankook University, Cheonan, Korea

2 Department of Obstetrics and Gynecology, Dankook 
University Hospital, Cheonan, Korea

http://orcid.org/0000-0002-2624-8990
http://kostat.go.kr/portal/korea/kor_nw/1/2/1/index.board?bmode=read&aSeq=362574
http://kostat.go.kr/portal/korea/kor_nw/1/2/1/index.board?bmode=read&aSeq=362574
http://crossmark.crossref.org/dialog/?doi=10.1007/s13258-021-01082-3&domain=pdf


938 Genes & Genomics (2021) 43:937–945

1 3

and Shea 2003). An increased level of homocysteine may 
also cause trophoblast apoptosis and reduce gonadotropin 
secretion, which are related with abnormal placentation and 
PTB (Engel et al. 2006). It is reported that enzymes of the 
folate metabolism pathway can regulate the blood concen-
tration of homocysteine (Bailey and Gregory 1999; Chen 
et al. 2016; Stanislawska-Sachadyn et al. 2010; Wu et al. 
2017). In the folate metabolism pathway, the transcobala-
min II (TCN2) transports vitamin B12 from blood to tissue 
for folate metabolism (Stanislawska-Sachadyn et al. 2010). 
Methylenetetrahydrofolate reductase (MTHFR) serves a key 
role in folate metabolism as it catalyzes the regeneration 
of 5,10-methylenetetrahydrofolate into 5-methyltetrahydro-
folate, which transfers the methyl group to the vitamin B12 
(Bailey and Gregory 1999). Vitamin B12 is a cofactor for the 
methylation of homocysteine to methionine by catalysis of 
the methionine synthase (MTR) and the coenzyme methio-
nine synthase reductase (MTRR) (Wu et al. 2017).

Several studies have previously analyzed the associa-
tion between the gene polymorphisms of enzymes in folate 
metabolism and the concentration of homocysteine (Kur-
zwelly et al. 2010; Mfady et al. 2014; Mohammadpour-
Gharehbagh et al. 2018; Oussalah et al. 2017; Wu et al. 
2013). Mohammadpour-Gharehbagh et al. (2018) showed 
that the MTHFR rs1537514 G allele is associated with the 
increased expression of the MTHFR enzyme that might 
cause downregulation of the homocysteine concentra-
tion. Moreover, Wu et al. (2013) showed that the MTHFR 
rs4846049 AA genotype reduces MTHFR protein levels and 
elevates the level of homocysteine. Kurzwelly et al. (2010) 
reported that the MTR rs1805087 GG genotype caused a 
decrease in MTR enzyme activity with higher homocysteine 
levels. Mfady et al. (2014) found that the MTRR  rs1801394 
AA genotype was related to 1.2-fold higher homocysteine 
concentration. In addition, the TCN2 rs1801198 polymor-
phism was significantly associated with increased homo-
cysteine in the European population (Oussalah et al. 2017).

Here, we conducted a case–control study to investigate 
the genetic association between PTB and folate-metabo-
lizing gene polymorphisms, including MTHFR rs4846049 
(2572 C>A), rs1537514 (4869 C>G), MTR rs1805087 
(2756 A>G), MTRR  rs1801394 (66 A>G), and TCN2 
rs1801198 (776 C>G) in Korean women. In addition, we 
evaluated the combined interaction among metabolizing 
gene polymorphisms.

Materials and methods

Subjects

We analyzed a total of 254 women recruited from the 
Gynecology Department at Dankook University Hospital 

in Korea. Of these samples, 111 patients with PTB were 
selected based on their gestational ages being < 37 weeks. 
The control group consisted of 143 pregnant women with no 
history of PTB or spontaneous abortion and at a gestation 
period of at least 38 weeks. Neither the patients with PTB 
nor those in the control group had any systemic disease, such 
as hypertension, gestational diabetes, coronary heart disease, 
placental abruption, chronic nephritis, multiple gestation, 
and fetal anomalies. All clinical interviews were conducted 
by an obstetrician, and informed consent was obtained from 
all the participants of this study. The study protocol was 
approved by the Ethics Committee of the Dankook Univer-
sity Hospital (date of approval and the project identifica-
tion code are respectively 16 November 2017 and DKUH 
2016-12-003-005).

DNA extraction and genotyping

Genomic DNA was extracted from buccal cells or peripheral 
blood with a GeneAll Exgene Clinic SV mini kit (Gene-
All, Seoul, Korea). We used PCR–RFLP for genotyping the 
MTHFR rs4846049 and rs1537514, MTR rs1805087, MTRR  
rs1801394, and TCN2 rs1801198. Primer sets for the MTR 
rs1805087, MTRR  rs1801394, and TCN2 rs1801198 were 
designed according to previous studies (Cai et al. 2010; 
Hozyasz et al. 2012). To design primers for the MTHFR 
rs4846049 and rs1537514, Primer3Plus was used (http:// 
www. bioin forma tics. nl/ cgi- bin/ prime r3plus/ prime r3plus. 
cgi). The PCR was performed in a total volume of 20 µl, 
comprising 10 ng of genomic DNA, 10 pM of each primer, 
0.2 mM dNTPs, 2.0 mM  MgCl2, 10 × PCR buffer, and 1.0 
U NV DNA polymerase (NAVI BioTech, Cheonan, Korea). 
The PCR amplification was conducted with a C1000 Touch 
thermal cycler (Bio-Rad, California, USA) under the fol-
lowing conditions: 95 °C for 5 min, followed by 35 cycles 
at 94 °C for 1 min, each annealing temperature for 1 min, 
and then 72 °C for 1 min, before a final extension at 72 °C 
for 10 min. Each of the PCR products was digested with 
1.0 U StyI-HF (MTHFR rs4846049) and Alw26I (MTHFR 
rs1537514), HaeIII (MTR rs1805087), NdeI (MTRR  
rs1801394), and MvaI (TCN2 rs1801198) restriction 
enzymes (Enzynomics, Daejeon, Korea) for 6 h at 37 °C. 
Table 1 shows each of the primer sets and the polymorphic 
restriction enzyme sites.

Data analyses

An independent t-test was performed to compare the charac-
teristic data (i.e., age, height, weight, pre-gestation weight, 
systolic blood pressure, diastolic blood pressure, birth 
weight, and gestational ages) using SPSS 21 Statistics (IBM 
Korea, Korea). A chi-square test was performed to assess 
the Hardy–Weinberg equilibrium (HWE). In addition, the 
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odds ratio (OR) with 95% confidence intervals (CI) was cal-
culated using the genotype and allele frequencies of cases 
and controls. A p value of < 0.05 was considered statisti-
cally significant. Furthermore, we analyzed the gene–gene 
interaction among the metabolizing gene polymorphisms 
using the Generalized Multifactor Dimensionality Reduc-
tion (GMDR) analysis (http:// www. ssg. uab. edu/ gmdr) to 
construct all possible combinations of the five polymor-
phisms (Chen et al. 2011). The Bonferroni correction was 
applied to adjust for multiple comparison tests. Statistical 
analyses were performed using the web-based statistics tools 
SISA (http:// www. quant itati veski lls. com/ sisa/) and SNPstats 
(http:// bioin fo. iconc ologia. net/ SNPst ats) and calculated the 
statistical power using G*Power 3.1 (Faul et al. 2007).

Results

We analyzed a total of 254 pregnant women. There were no 
meaningful differences between the mean values of the ages, 
heights, pre- and post-pregnancy weights, systolic blood 
pressures, and diastolic blood pressures of the patients with 
PTB and those in the control group (p > 0.05). However, 
there were significant differences in the birth weights and 
gestational ages between the patients with PTB and those in 
the control group (p < 0.05) (Table 2).

The genotyping data of MTHFR rs4846049, rs1537514, 
MTR rs1805087, MTRR  rs1801394, and TCN2 rs1801198 
polymorphisms for the 111 patients with PTB and the 

143 patients in the control group are presented in Table 3. 
The genotype frequencies of the five SNPs had no devia-
tion from the HWE in patients with PTB and the control 
group patients (Table 3). MTR rs1805087 GG genotype 
(p = 0.031), and TCN2 rs1801198 CG genotype (OR 0.53, 
95% CI 0.288–0.980, p = 0.042). In the genetic models 
of each polymorphism, we found significant differences 
between the patients with PTB and those in the control group 
(Table 3). In particular, the TCN2 rs1801198 polymorphism 
was observed as a protective factor for PTB in the dominant 
model (OR 0.55, 95% CI 0.310–0.982, p = 0.042). And we 
observed a marginal trend toward significance in MTHFR 
rs4846049 AA genotype (OR 0.15, 95% CI 0.018–1.205, 
p = 0.041).

We constructed possible genotype combinations of 
the folate-metabolizing gene polymorphisms (Table 4). 
As a result, MTHFR rs4846049/rs1537514, MTHFR 
rs1537514/MTRR  rs1801394, MTHFR rs1537514/TCN2 
rs1801198, and MTR rs1805087/TCN2 rs1801198 models 
were selected by GMDR analysis (cross-validation consist-
ency ≥ 7/10). We found that the combination of the MTHFR 
rs1537514 CC genotype and the MTRR  rs1801394 GG geno-
type is a risk factor for PTB (OR 3.14, 95% CI 1.155–8.555, 
p = 0.021). Meanwhile, the protective interactions were 
identified in the combination of the MTHFR rs1537514 CC 
genotype and the TCN2 rs1801198 CG genotype (OR 0.52, 
95% CI 0.269–0.996, p = 0.047) and the MTR rs1805087 
AA genotype and the TCN2 rs1801198 CG genotype (OR 
0.49, 95% CI 0.248–0.992, p = 0.046). The p values were 

Table 1  PCR primer sequences, annealing temperature and restriction fragments size for each polymorphism

Marker Region Primer sequence Annealing 
temperature 
(°C)

Restriction enzyme Fragments size

MTHFR rs4846049 (2572 
C>A)

3′-UTR F: 5′-TTG CCA ACT AAG 
CCC TCG AAA CAA -3′

R: 5′-TGC CAC ATC TCT 
TCT ACG ATG CCA -3′

58 StyI-HF C allele: 70 bp
A allele: 140 bp

MTHFR rs1537514 (4869 
C>G)

3′-UTR F: 5′-AGG CAA GCC CCT 
CAG CCC TT-3′

R: 5′-TCC AGC CCT GAG 
CCC AGA GTCT-3′

63 Alw26I C allele: 126 bp
G allele: 98, 28 bp

MTR rs1805087 (2756 
A>G)

Exon (Asp919Gly) F: 5′-TGT TCC CAG CTG 
TTA GAT GAA AAT C-3′

R: 5′-GAT CCA AAG CCT 
TTT ACA CTC CTC -3′

60 HaeIII A allele: 211 bp
G allele: 131, 80 bp

MTRR  rs1801394 (66 
A>G)

Exon (Ile22Met) F: 5′-CAG GCA AAG GCC 
ATC GCA GAA GAC 
AT-3′

R: 5′-CAC TTC CCA ACC 
AAA ATT CTT CAA AG-3

55 NdesI A allele: 151 bp
G allele: 124, 27 bp

TCN2 rs1801198 (776 
C>G)

Exon (Pro259Arg) F: 5′-GCA TTA CAG GTG 
GGA AAG AGAC-3′

R: 5′-CCA GGG ATC TCC 
ATT TAC TGTC-3′

67 MvaI C allele: 363, 118, 24, 17, 
3 bp

G allele: 481, 24, 17, 3 bp

http://www.ssg.uab.edu/gmdr
http://www.quantitativeskills.com/sisa/
http://bioinfo.iconcologia.net/SNPstats
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not significant after these differences were adjusted by the 
Bonferroni correction (threshold; p < 0.005).

Discussion

In this study, we evaluated the effects of folate-metabo-
lizing gene polymorphisms on PTB. The results of this 
study show that folate-metabolizing gene polymorphisms, 
including MTHFR rs4846049, rs1537514, MTR rs4805087, 
MTRR  rs1801394, and TCN2 rs1801198, are significantly 
associated with the development of PTB in Korean women 
(p < 0.05) (Table 3).

The GG genotype frequency of MTR 2576 A>G 
(rs1805087) was significantly different between patients with 
PTB and those in the control group (p = 0.031) (Table 2). 
The MTR rs1805087 polymorphism converts aspartic acid 
to glycine at codon 919, and the SNP is possibly associ-
ated with lower MTR activity, followed by increased homo-
cysteine level (Haghiri et al. 2016). Previous studies have 
indicated that the MTR rs1805087 polymorphism has a sig-
nificant association with gestational disorders (Kim et al. 
2013; Sata et al. 2012; Shi et al. 2017). Kim et al. (2013) and 
Sata et al. (2012) both showed that the MTR rs1805087 is 
significantly associated with recurrent pregnancy loss (Kim 
et al. 2013; Sata et al. 2012). Similarly, the meta-analysis 
study observed that the MTR rs1805087 polymorphism is 
related with thrombophilia (Shi et al. 2017). These studies 
support our results, revealing the association between MTR 
rs1805087 and PTB.

The A allele of MTRR  66 A>G (rs1801394) polymor-
phism in the exon 2 of MTRR  is associated with decreased 
homocysteine levels (Jones et al. 2018). For the MTRR  
rs1801394, our results indicate no association with PTB 
(p > 0.05) (Table 2). However, the MTRR  rs1801394 GA 
genotype was reported as a risk factor of PTB (Engel et al. 

2006), and Song et al. (2018) suggested that the MTRR  
rs1801394 polymorphism is associated with increased 
plasma folate and homocysteine in pregnant women. The 
TCN2 gene is located in 22q12.2, including 9 exons and 
8 introns, and encodes the transcobalamin II (Regec et al. 
1995). The CC genotype of TCN2 776C>G (rs1801198) 
polymorphism is a factor for higher B12 levels and a lower 
concentration of homocysteine (Stanislawska-Sachadyn 
et al. 2010). However, in this study, the CG genotype pro-
tected against PTB in Korean women (OR 0.53, 95% CI 
0.288–0.980, p = 0.042) (Table 2). Previous studies have 
indicated that the TCN2 rs1801198 polymorphism has no 
association with recurrent spontaneous abortion in Iranian 
women (Hashemi et al. 2018) and recurrent implantation 
failure in Korean women (Kim et al. 2014; Park et al. 2019). 
To verify these inconsistencies, a larger sample set and func-
tional studies are required.

The results of the MTHFR 2572 C>A (rs4846049) poly-
morphism showed that the AA genotype was not statisti-
cally significant, yet marginal tendency (OR 0.15, 95% CI 
0.018–1.205, p = 0.041) (Table 2). It is reported that haplo-
types of rs4846049 polymorphism and other MTHFR SNPs 
showed an association with recurrent pregnancy loss in 
Korean women (Kim et al. 2017). The rs4846049 polymor-
phism in the 3′ UTR region of the MTHFR is reported to be 
associated with the MTHFR protein level through modify-
ing miRNA binding (Wu et al. 2013). The AA genotype has 
led a reduced MTHFR protein level compared with that of 
the CC genotype (Salehi et al. 2018). A decreased level of 
MTHFR was found to be associated with the development of 
hyperhomocysteinemia that is related with placental abrup-
tion (Ferguson et al. 2001).

MTHFR 4869 C>G (rs1537514) causes MTHFR mRNA 
overexpression (Mohammadpour-Gharehbagh et al. 2018). 
Increased MTHFR activity in vivo is associated with down-
regulation of plasma homocysteine and a protective factor 

Table 2  Characteristics data of patients with PTB (preterm-birth) (n = 111) and control groups (n = 143)

*p < 0.05
a The p value is for t test
b SBP systolic blood pressure
c DBP diastolic blood pressure

Characteristics Patients with PTB (n = 111) Controls (n = 143) p  valuea

Age (years) (mean ± SD) 30.59 ± 4.59 30.41 ± 4.90 0.779
Height (cm) (mean ± SD) 160.29 ± 4.59 160.56 ± 5.56 0.697
Pre-pregnant weight (g) (mean ± SD) 56.82 ± 9.92 56.10 ± 10.41 0.599
Post-pregnant weight (g) (mean ± SD) 67.37 ± 10.51 69.46 ± 10.45 0.140
SBP (mmHg) (mean ± SD) 120.24 ± 14.97 121.32 ± 14.47 0.585
DBP (mmHg) (mean ± SD) 74.76 ± 12.82 75.79 ± 11.87 0.535
Birth weight (g) (mean ± SD) 2354.51 ± 643.04 3158.46 ± 463.68 < 0.001*
Gestational age at delivery (weeks) (mean ± SD) 33.19 ± 3.06 38.74 ± 1.06 < 0.001*
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Table 3  Genotype and allele frequencies of MTHFR, MTR, MTRR, TCN2 gene polymorphisms in the patients with PTB (preterm-birth) and 
control group

Marker Patients with PTB 
n (%)
(n = 111)

Control 
n (%)
(n = 143)

p value OR (95% CI) Statistical 
power (%)

MTHFR rs4846049 (2572 C>A) Genotype CC 78 (70.3) 92 (64.3) Reference
AC 32 (28.8) 43 (30.1) 0.641 0.88 (0.507–1.518) 16.2
AA 1 (0.9) 8 (5.6) 0.041* 0.15 (0.018–1.205) 76.7

HWE 0.241 0.328
Allele C 188 (84.7) 227 (79.4) Reference

A 34 (15.3) 59 (20.6) 0.124 0.70 (0.437–1.107) 91.3
Dominant CC 78 (70.3) 92 (64.3) Reference

CA + AA 33 (29.7) 51 (35.7) 0.319 0.76 (0.448–1.299) 55.3
Recessive CC + CA 110 (99.1) 135 (94.4) Reference

AA 1 (0.9) 8 (5.6) 0.045* 0.15 (0.019–1.245) 76.1
Overdominant CC + AA 79 (71.2) 100 (69.9) Reference

A/C 32 (28.8) 43 (30.1) 0.83 0.94 (0.547–1.624) 7.4
MTHFR rs1537514 (4869 C>G) Genotype CC 92 (82.9) 124 (86.7) Reference

CG 19 (17.1) 17 (11.9) 0.254 1.51 (0.742–3.057) 55.9
GG 0 (0.0) 2 (1.4) 0.128 NA 0.0

HWE 0.324 0.131
Allele C 203 (91.4) 265 (92.7) Reference

G 19 (8.6) 21 (7.3) 0.614 1.18 (0.618–2.256) 18.1
Dominant CC 92 (82.9) 124 (86.7) Reference

CG + GG 19 (17.1) 19 (13.3) 0.396 1.35 (0.676–2.689) 36.3
Recessive CC + CG 111 (100.0) 141 (98.6) Reference

GG 0 (0.0) 2 (1.4) 0.118 NA 0.0
Overdominant CC + GG 92 (82.9) 126 (88.1) Reference

CG 19 (17.1) 17 (11.9) 0.236 1.53 (0.755–3.105) 59.5
MTR rs1805087 (2576 A>G) Genotype AA 82 (73.9) 109 (76.2) Reference

AG 29 (26.1) 30 (21.0) 0.401 1.28 (0.716–2.307) 36.7
GG 0 (0.0) 4 (2.8) 0.031* NA 2.5

HWE 0.113 0.284
Allele A 248 (61.6) 193 (59.9) Reference

G 38 (38.4) 29 (40.1) 1.000 0.98 (0.584–1.647) 12.4
Dominant AA 82 (73.9) 109 (76.2) Reference

AG + GG 29 (26.1) 34 (23.8) 0.667 1.13 (0.640–2.009) 13.3
Recessive AA + AG 111 (100.0) 139 (97.2) Reference

GG 0 (0.0) 4 (2.8) 0.027* NA 2.6
Overdominant AA + GG 82 (73.9) 113 (79.0) Reference

AG 29 (26.1) 30 (21.0) 0.335 1.33 (0.743–2.389) 45.7
MTRR  rs1801394 (66 A>G) Genotype AA 45 (40.5) 63 (44.0) Reference

AG 50 (45.0) 70 (49.0) 1.000 1.00 (0.59–1.694) 5.0
GG 16 (14.4) 10 (7.0) 0.068 2.24 (0.931–5.389) 38.0

HWE 0.727 0.107
Allele A 140 (63.1) 196 (68.5) Reference

G 82 (36.9) 90 (31.5) 0.196 1.28 (0.881–1.846) 71.3
Dominant AA 45 (40.5) 63 (44.0) Reference

AG + GG 66 (59.5) 80 (56.0) 0.574 1.15 (0.699–1.909) 20.6
Recessive AA + AG 95 (85.6) 133 (93.0) Reference

GG 16 (14.4) 10 (7.0) 0.053 2.24 (0.974–5.151) 42.0
Overdominant AA + GG 61 (55.0) 73 (51.0) Reference
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of PTB (Micle et al. 2012; Roy et al. 2008). Mohammad-
pour-Gharehbagh et al. (2018) showed that the MTHFR 
rs1537514 G allele and the rs4846049 C allele protect 
against the abnormal development of the placenta. How-
ever, the results of the present study indicate no associa-
tion between the MTHFR rs1537514 and PTB (p > 0.05) 
(Table 2).

This study also demonstrates the gene–gene interaction 
among folate-metabolizing gene polymorphisms (Table 4). 
We obtained conflicting results regarding PTB in the com-
bination analysis for the MTHFR rs1537514 CC genotype. 
The combination with the MTRR  rs1801394 GG genotype is 
associated with the development of PTB, whereas the com-
bination of the MTHFR rs1537514 CC genotype and the 
TCN2 rs1801198 CG genotype has a protective effect against 
PTB. One potential explanation for this inconsistency is the 
various etiologies of PTB. Previous studies have demon-
strated that there are several causes associated with PTB, 
including infection, inflammation, uteroplacental ischemia, 
hemorrhage, uterine overdistension, stress, and other immu-
nologically mediated processes (Goldenberg et al. 2008). 
Furthermore, various gene polymorphisms are associated 
with PTB and interact differently with each other (Crider 
et al. 2005). According to previous studies, the result of our 
combination analysis of folate metabolic gene polymor-
phisms supports this explanation (Table 4).

The present study has its limitations. Firstly, the sample 
size is relatively small (Hattersley and McCarthy 2005). 
However, the statistical power of the sample size in this 
study is over 90%, which is higher than the standard of 

80% (Hong and Park 2012). Secondly, as PTB is affected 
by the maternal and fetal genotype, a study that investi-
gates the genetic association of both genotypes is needed 
(Wilcox et al. 2008). Unfortunately, we analyzed only the 
genotype data from mothers. In addition, many additional 
factors have been associated with PTB (Hong and Park 
2012), but we did not consider gene-environment interac-
tions, such as maternal smoking or alcohol consumption, 
low maternal body mass index, and advanced maternal 
age, which may have a significant effect on the association 
between folate metabolism and preterm birth (Muglia and 
Katz 2010).

Despite these limitations, this attempt is the first study 
to analyze the association between folate metabolic gene 
polymorphisms and PTB in Korean women. Moreover, 
we identified the gene–gene interaction in folate meta-
bolic gene polymorphisms for PTB. Thus, our case–con-
trol study may provide pathological evidence for further 
studies.

In conclusion, our results suggest that folate metabo-
lism gene polymorphisms, including MTHFR rs4846049, 
rs1537514, MTR rs1805087, MTRR  rs1801394, and TCN2 
rs1801198, have a significant association with the patho-
genesis of PTB. In addition, we identified that these poly-
morphisms have gene–gene interaction in PTB. However, 
as PTB is multifactorial, a larger sample set and further 
functional studies are required.

Table 3  (continued)

Marker Patients with PTB 
n (%)
(n = 111)

Control 
n (%)
(n = 143)

p value OR (95% CI) Statistical 
power (%)

AG 50 (45.0) 70 (49.0) 0.536 0.85 (0.520–1.406) 24.9
TCN2 rs1801198 (776 C>G) Genotype CC 34 (30.6) 28 (19.6) Reference

CG 51 (46.0) 79 (55.2) 0.042* 0.53 (0.288–0.980) 97.4
GG 26 (23.4) 36 (25.2) 0.151 0.59 (0.292–1.210) 82.6

HWE 0.422 0.195
Allele C 119 (53.6) 135 (47.2) Reference

G 103 (46.4) 151 (52.8) 0.152 0.77 (0.545–1.100) 82.4
Dominant CC 34 (30.6) 28 (19.6) Reference

CG + GG 77 (69.4) 115 (80.4) 0.042* 0.55 (0.310–0.982) 96.7
Recessive CC + CG 85 (76.6) 107 (74.8) Reference

GG 26 (23.4) 36 (25.2) 0.747 0.91 (0.509–1.623) 10.4
Overdominant CC + GG 60 (54.0) 64 (44.8) Reference

CG 51 (46.0) 79 (55.2) 0.141 0.69 (0.419–1.133) 83.7

*p < 0.05
a HWE The p value for Hardy–Weinberg equilibrium
b The p value for Chi-square test
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Table 4  Genotype Combination 
Analysis for two polymorphisms 
of MTHFR, MTR, MTRR, TCN2 
genes in the patients with PTB 
(preterm-birth) and control 
group

Gene Combination Patients with PTB
n (%) (n = 111)

Control
n (%) (n = 143)

p value OR (95% CI)

MTHFR rs4846049 CC/CC 78 (70.3) 92 (64.3) Reference
MTHFR rs1537514 CA/CC 14 (12.6) 27 (18.9) 0.174 0.61 (0.300–1.247)

CA/CG 18 (16.2) 16 (11.2) 0.452 1.33 (0.634–2.775)
AA/CC 0 (0.0) 5 (3.5) 0.012* NA
AA/CG 1 (0.9) 1 (0.7) 1.000 1.18 (0.073–19.168)
AA/GG 0 (0.0) 2 (1.4) 0.108 NA

MTHFR rs4846049 CC/AA 57 (51.4) 70 (49.0) Reference
MTR rs1805087 CC/AG 21 (18.9) 19 (13.2) 0.400 1.36 (0.666–2.767)

CC/GG 0 (0.0) 3 (2.1) 0.054 NA
CA/AA 24 (21.6) 34 (23.8) 0.656 0.87 (0.462–1.626)
CA/AG 8 (7.2) 8 (5.6) 0.698 1.23 (0.434–3.476)
CA/GG 0 (0.0) 1 (0.7) 0.263 NA
AA/AA 1 (0.9) 5 (3.5) 0.173 0.25 (0.028–2.163)
AA/AG 0 (0.0) 3 (2.1) 0.054 NA

MTHFR rs4846049 CC/AA 31 (27.9) 36 (25.2) Reference
MTRR  rs1801394 CC/AG 33 (29.7) 50 (35.0) 0.423 0.77 (0.400–1.470)

CC/GG 14 (12.6) 6 (4.2) 0.062 2.71 (0.929–7.901)
CA/AA 13 (11.7) 22 (15.4) 0.377 0.69 (0.297–1.585)
CA/AG 17 (15.3) 17 (11.9) 0.723 1.16 (0.508–2.653)
CA/GG 2 (1.8) 4 (2.8) 0.542 0.58 (0.099–3.389)
AA/AA 1 (0.9) 5 (3.5) 0.162 0.23 (0.026–2.096)
AA/AG 0 (0.0) 3 (2.1) 0.051 NA

MTHFR rs4846049 CC/CC 22 (19.8) 21 (14.7) Reference
TCN2 rs1801198 CC/CG 37 (33.3) 48 (33.6) 0.413 0.74 (0.353–1.536)

CC/GG 19 (17.1) 23 (16.1) 0.585 0.79 (0.336–1.850)
CA/CC 11 (9.9) 6 (4.2) 0.342 1.75 (0.548–5.586)
CA/CG 14 (12.6) 26 (18.2) 0.138 0.51 (0.213–1.243)
CA/GG 7 (6.3) 11 (7.7) 0.381 0.61 (0.198–1.863)
AA/CC 1 (0.9) 1 (0.7) 1.000 0.96 (0.056–16.266)
AA/CG 0 (0.0) 5 (3.5) 0.008* NA
AA/GG 0 (0.0) 2 (1.4) 0.084 NA

MTHFR rs1537514 CC/AA 67 (60.4) 94 (65.7) Reference
MTR rs1805087 CC/AG 25 (22.5) 26 (18.2) 0.352 1.35 (0.717–2.538)

CC/GG 0 (0.0) 4 (2.8) 0.035* NA
CG/AA 15 (13.5) 13 (9.1) 0.239 1.62 (0.723–3.625)
CG/AG 4 (3.6) 4 (2.8) 0.639 1.40 (0.339–5.810)
GG/AA 0 (0.0) 2 (1.4) 0.135 NA

MTHFR rs1537514 CC/AA 35 (31.5) 55 (38.5) Reference
MTRR  rs1801394 CC/AG 43 (38.7) 62 (43.4) 0.769 1.09 (0.613–1.937)

CC/GG 14 (12.6) 7 (4.9) 0.021* 3.14 (1.155–8.555)
CG/AA 10 (9.0) 7 (4.9) 0.127 2.25 (0.782–6.446)
CG/AG 7 (6.3) 7 (4.95) 0.431 1.57 (0.508–4.865)
CG/GG 2 (1.8) 3 (2.1) 1.000 1.05 (0.167–6.588)
GG/AA 0 (0.0) 1 (0.7) 0.313 NA
GG/AG 0 (0.0) 1 (0.7) 0.313 NA

MTHFR rs1537514 CC/CC 30 (27.0) 26 (18.2) Reference
TCN2 rs1801198 CC/CG 40 (36.0) 67 (46.9) 0.047* 0.52 (0.269–0.996)

CC/GG 22 (19.8) 31 (21.7) 0.208 0.62 (0.288–1.312)
CG/CC 4 (3.6) 1 (0.7) 0.254 3.47 (0.364–33.002)
CG/CG 11 (9.9) 11 (7.7) 0.776 0.87 (0.323–2.326)
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