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Abstract

Background This study investigates the relationship between polymorphisms in the MTHFR gene and the risk of
preterm birth (PTB).

Methods A comprehensive literature review was conducted using databases such as PubMed, Web of Science, and
CNKI, with the search finalized on January 1, 2025. The review specifically targeted studies published prior to this date,
utilizing relevant keywords and MeSH terms associated with PTB and genetic factors. Inclusion criteria encompassed
original case-control, longitudinal, or cohort studies, with no limitations on language or publication date. Associations
were quantified using odds ratios (ORs) and 95% confidence intervals (Cls) via Comprehensive Meta-Analysis software.

Results The analysis included 44 case-control studies comprising 7,384 cases and 51,449 controls, extracted from
28 publications in both English and Chinese. Among these studies, 29 focused on the MTHFR C677T polymorphism,
while 15 examined the MTHFR A1298C variant. Pooled results demonstrated a significant association between the
MTHFR C677T polymorphism and PTB under five genetic models: allele (C vs. T; OR=1.303, 95% Cl 1.151-1.475,
p<0.001), homozygote (CC vs. AA; OR=1.494, 95% Cl 1.212-1.842, p<0.001), heterozygote (CT vs. AA; OR=1.303,
95% Cl 1.119-1.516, p=0.001), dominant (CC+CT vs. AA; OR=1.341,95% Cl 1.161-1.548, p< 0.001), and recessive
(CCvs. CT+AA;, OR=1.340,95% CI 1.119-1.604, p=0.001). Subgroup analyses indicated significant associations

in Asian populations, particularly in studies conducted in China and India, while no significant correlations were
found in Caucasian populations, including those from Austria. Moreover, the MTHFR A1298C polymorphism did not
demonstrate a significant relationship with PTB risk across the studied ethnicities.

Conclusions The findings indicate a significant association between the MTHFR C677T polymorphism and PTB risk,
particularly in Asian and Indian populations, while no significant associations were identified in Caucasian groups.
Conversely, the MTHFR A1298C polymorphism appeared to have a negligible impact on PTB risk, underscoring the
importance of considering population-specific factors in understanding the genetic epidemiology of PTB.
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Introduction

Preterm birth (PTB) is a multifaceted syndrome tra-
ditionally defined by gestational age at birth (under 37
weeks), a classification that presents significant limita-
tions in clinical application and may account for the slow
progress in identifying effective, cause-specific interven-
tions [1]. Affecting roughly 10% of newborns worldwide,
PTB is a major contributor to infant mortality and long-
term health complications, while also placing emotional
and financial burdens on families [2—4]. It is important
to recognize the distinctions within PTB, which is cate-
gorized into three gestational subgroups: extremely pre-
term (less than 28 weeks), very preterm (28 to less than
32 weeks), and moderate to late preterm (32 to less than
37 weeks) [5]. Moreover, PTB is divided into iatrogenic
cases, which make up about 30-40% and result from
medical interventions such as labor induction or cesar-
ean delivery, and spontaneous cases, which occur natu-
rally usually due to factors like preterm labor or ruptured
membranes [6, 7]. A functional taxonomy of PTB, based
on key conceptual principles, known etiological factors,
specific maternal and neonatal clinical phenotypes, and
follow-up of growth and development up to two years,
can improve understanding and management of the con-
dition [1]. Contributing factors for spontaneous PTB
include infections, cervical incompetence, and psychoso-
cial stress, with triggering conditions such as intrauter-
ine infections or multiple pregnancies [8, 9]. In contrast,
iatrogenic PTB is typically a result of medical decisions
aimed at protecting maternal or fetal health. Given that
the clinical characteristics and neonatal outcomes of
PTB vary significantly with gestational age, a comprehen-
sive understanding of these distinctions is essential for
healthcare providers to manage and prevent PTB effec-
tively [10, 11].

Each year, approximately 15 million infants are born
preterm, with 13.4 million in 2020, accounting for 9.9%
of live births—a slight decline from 2010 [12]. PTB rates
vary significantly by region, with about 1 in 10 births in
the United States [13], compared to 10-25% in develop-
ing countries [14], especially in Southern Asia and sub-
Saharan Africa, where healthcare access and data quality
disparities are notable [2, 15]. Multiple factors influence
the incidence of PTB, including medical, lifestyle, preg-
nancy-related, and demographic aspects. Women with
a history of PTB face a significantly higher risk of sub-
sequent preterm deliveries. Risk factors include a short
cervix, early dilation, and multiple pregnancies, par-
ticularly with twins [16]. Maternal age is also a factor,
as both very young mothers (under 18) and older moth-
ers (over 35) are at increased risk due to possible health
issues like hypertension and diabetes [17]. Other medi-
cal conditions, such as infections, diabetes, hypertension,
and preeclampsia, heighten the likelihood of PTB [18].
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Lifestyle influences, including poor nutrition, substance
use (smoking, alcohol, and drugs), high stress, low socio-
economic status, and domestic violence, are additional
contributors [19]. Pregnancy-related factors, including a
short interpregnancy interval (under six months), vaginal
bleeding, and infections like bacterial vaginosis or UTIs,
can increase the risk of PTB [20, 21].

The methylenetetrahydrofolate reductase (MTHFR)
gene is essential for folate metabolism, which is critical
for DNA synthesis, repair, and neurotransmitter produc-
tion [22]. This gene’s role becomes particularly signifi-
cant during pregnancy, as adequate folate levels are vital
for fetal development and maternal health, especially
concerning hyperhomocysteinemia [23]. Variants in the
MTHER gene can impair enzymatic function, leading to
altered folate levels and potential adverse outcomes, such
as PTB, preeclampsia, and recurrent pregnancy loss [24].
Common polymorphisms, notably C677T and A1298C,
have been extensively studied, with the C677T variant
being particularly impactful on enzymatic activity. Indi-
viduals with the TT genotype typically exhibit reduced
enzyme activity, resulting in elevated homocysteine and
decreased folate levels [25]. However, research on the
association between MTHFR polymorphisms and PTB
has produced mixed results. While some studies sug-
gest a significant correlation between the MTHFR C677T
variant and increased PTB risk [26], others report incon-
sistent outcomes, often due to small sample sizes and
diverse populations [27]. These inconsistencies can arise
from variations in study design, population genetics,
environmental factors, and gene-environment interac-
tions. Methodological differences, such as demographic
variations and sample sizes, can produce divergent find-
ings, especially among ethnic groups; for instance, the
A1298C polymorphism is significantly linked to PTB
risk in Asian populations but not elsewhere [28, 29]. The
prevalence of MTHEFR variants varies between popula-
tions, affecting risk assessments. Furthermore, environ-
mental factors like nutrition and lifestyle may interact
with genetic predispositions, complicating outcomes
[27]. Many studies have small sample sizes, limiting
statistical power and highlighting the need for larger,
well-structured studies to clarify these associations and
account for confounding variables [30]. Additionally,
some research may inadequately evaluate the interactions
between genetic and environmental factors, potentially
underestimating genetic effects on PTB risk [31].

Between 2016 and 2018, three meta-analyses [32—34]
examined the relationship between MTHEFR variants and
PTB, yet significant gaps remain in the literature regard-
ing the overall impact of these genetic factors on PTB
risk. This lack of clarity may stem from the heterogene-
ity of the included studies, which differed in sample size,
population characteristics, and methodologies, leading
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to conflicting results that obscure meaningful associa-
tions. Moreover, many studies failed to stratify results
by ethnicity or geographical location, despite known dif-
ferences in allele frequencies and prevalence of MTHER
variants across diverse populations. This meta-analysis
aimed to quantitatively evaluate the existing research to
clarify these associations and understand the underlying
mechanisms, seeking to address previous discrepancies.
It hypothesized that MTHFR polymorphisms signifi-
cantly contribute to increased PTB risk, emphasizing the
importance of this research for both filling knowledge
gaps and potential clinical implications. By assessing the
strength and consistency of the relationship across vari-
ous populations and identifying moderating factors, the
study’s findings can help guide healthcare strategies and
improve identification of at-risk populations, ultimately
contributing to better outcomes in maternal-fetal medi-
cine for both mothers and infants.

Materials and methods

Search strategy

Ethical endorsement was not required for this study,
as it involved a bibliographic review and meta-analy-
sis conducted following the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines. An extensive search was performed across
several key online bibliographic databases to identify
all available studies examining the correlation between
MTHEFR polymorphisms and the predisposition to
PTB, published from the inception of these databases
up to January 1, 2025. The databases prioritized for this
search included MEDLINE, PubMed, Cochrane Library,
EMBASE, Scopus, Web of Science, and Google Scholar,
along with additional resources such as PMC (PubMed
Central), Elsevier, Europe PMC, ResearchGate, Sci-
ELO, the Chinese National Knowledge Infrastructure
(CNKI), Wanfang Data Company, Chaoxing, China/
Asia On Demand (CAOD), the Chinese Medical Cita-
tion Index (CMCI), Semantic Scholar, the Chinese Bio-
medical Database (CBD), VIP Information Consultancy
Company (VIP), MedRxiv, the Chinese Medical Cur-
rent Contents (CMCC), Web of Knowledge (WOK), the
Scientific Information Database (SID), the Economic
and Knowledge Base (EKB), SpringerLink, JSTOR, Psy-
cINFO, ClinicalTrials.gov, and the Weipu Periodical
Database. The search strategy utilized a comprehensive
approach, combining keywords and MeSH terms such
as (“Preterm Birth” OR “Preterm Delivery” OR “Sponta-
neous Preterm Birth” OR “Preterm Labor” OR “Prema-
turity”) AND (“Methylenetetrahydrofolate Reductase”
OR “MTHFR” OR “Folate Metabolism” OR “Folate Path-
way”) AND (“Gene’, “Polymorphism’, “DNA Sequence’,
“Single-Nucleotide Polymorphism’, “SNPs’, “Genotype’,
“Frequency’, “Mutation’, “Mutant’, “Allele’, “Variation’,
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“Variant”, “Genetic predisposition”). To ensure a thor-
ough review, we examined the reference lists of all
retrieved articles for any relevant studies that might
have been overlooked in the initial search. We placed no
restrictions on language or publication year, translating
non-English articles as necessary for a complete analysis.

Inclusion and exclusion criteria

Inclusion and exclusion criteria for the study were clearly
defined. The inclusion criteria were as follows: (1) Only
case-control or cohort studies examining the relation-
ship between MTHFR polymorphisms and the risk of
PTB were included; (2) Diagnoses of premature birth
occurred between 28 and 37 weeks of gestation; (3) Gen-
otype frequency distributions in both case and control
groups were necessary for calculating odds ratios (ORs)
with 95% confidence intervals (CIs); (4) Studies provided
adequate demographic data on participants; (5) Only
studies published up to January 2025 were considered to
ensure relevance and timeliness. The exclusion criteria
included: (1) Reviews, meta-analyses, abstracts, confer-
ence papers, case reports, letters to editors, comments,
and duplicates were omitted; (2) Studies lacking a con-
trol group or exhibiting inappropriate selection processes
were excluded; (3) Articles presenting duplicated content
from the same author were omitted; (4) Studies lacking
gene frequency data without the possibility of supple-
mentation were excluded; (5) Animal and in vitro studies
were not considered. In cases of identical data reported
in multiple publications, only the study with the larger
sample size or the most recent publication was included
in the pooled analysis.

Data extraction

Two investigators independently reviewed titles,
abstracts, and search terms for eligibility based on prede-
termined inclusion and exclusion criteria. Any disagree-
ments were resolved through discussion or by involving a
third researcher, and when necessary, the original authors
were contacted via email. During the literature screening,
the initial focus was on titles and abstracts to eliminate
obviously irrelevant studies, followed by a thorough read-
ing of full texts to determine final inclusion. Key data
from eligible literature included the first author’s name,
ethnicity (specifically categorized as Asian, Caucasian,
African, Hispanic, and Mixed), publication date, genotyp-
ing methods, country of origin, total hyperbilirubinemia
cases and controls, genotype frequencies for neonatal
hyperbilirubinemia cases and healthy controls related to
MTHER polymorphisms, Hardy-Weinberg equilibrium
(HWE) test results, and minor allele frequencies (M AFs)
in healthy controls. For studies by the same authors, the
most recent publication or the one with the largest sam-
ple size was chosen for inclusion.



Vafapour et al. BMC Pregnancy and Childbirth (2025) 25:230

Quality score assessment

The Newcastle-Ottawa Score (NOS) was utilized to assess
study quality in a meta-analysis and evaluate the meth-
odological aspects of observational research. It focused
on case selection, group comparability, and exposure
determination, each with eight specific criteria. Studies
with excellent selection and exposure received one star,
while comparability could earn up to two stars. Quality
was rated on a nine-star scale, where zero indicated poor
quality and nine signified high quality. Studies scoring
seven or more were deemed high quality, and those with
at least five points were suitable for meta-analysis.

Statistical analysis

The association between MTHFR polymorphisms and
the risk of PTB was assessed through ORs and 95% Cls.
A Z-test was employed to analyze the aggregated data,
comparing the population mean to the sample mean. The
meta-analysis utilized five genetic models: allelic (M vs.
W), heterozygote (MW vs. WW), homozygote (MM vs.
WW), recessive (MM vs. MW +WW), and dominant
(MM + MW vs. WW), where “M” denotes the mutant
allele and “W” represents the wild-type allele. To evaluate
heterogeneity across studies, several statistical measures
were applied, including the Q-value, degrees of freedom
(df), I-squared (I?), and Tau-squared (t?). The Q-value
tests the null hypothesis of a common effect size among
studies, with a higher value relative to its df indicating
greater heterogeneity. The I-squared statistic quantifies
the proportion of total variation attributed to heteroge-
neity rather than random chance, with values over 50%
indicating moderate to high heterogeneity, while Tau-
squared estimates the variance between studies due to
inherent variability. The chi-square test was the primary
method for assessing heterogeneity, with a significance
level set at p<0.05, and heterogeneity was quantified
on a scale of 0 to 100% following Cochrane guidelines.
Random-effect models (DerSimonian-Laird method)
were applied when I* exceeded 50%, while fixed-effect
models (Mantel-Haenszel method) were used otherwise.
The Pearson’s chi-square statistic assessed HWE among
control subjects, utilizing free online software with a sig-
nificance threshold of p<0.05 [35]. Sensitivity analysis
was conducted by systematically excluding one study at
a time to evaluate the robustness of the results. Publi-
cation bias was examined using Begg’s test, Egger’s test,
and visual inspection of funnel plots for asymmetry, with
the trim-and-fill method employed to adjust results if
bias was detected. Data synthesis from the primary stud-
ies was performed using Comprehensive Meta-Analysis
(Version 4.0) software, considering a two-sided p-value
of less than 0.05 as statistically significant.
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Trial sequential analysis

Trial Sequential Analysis (TSA) was conducted to
examine the association between MTHEFR 677 C/T and
1298 A/C polymorphisms and the risk of PTB. Using
TSA software, accumulated evidence from the meta-
analysis was evaluated, emphasizing the adequacy of
sample size and the robustness of the results against
potential type I and II errors. A comprehensive literature
search across multiple databases ensured the inclusion
of relevant studies, from which data were extracted to
compute overall ORs with 95% ClIs. The required infor-
mation size (RIS) was calculated based on observed event
rates and expected effect sizes, and cumulative z-curves
were plotted to determine whether evidence crossed trial
sequential monitoring boundaries for benefit or harm,
alongside traditional significance thresholds. Heteroge-
neity among studies was assessed using I” statistics, and
random-effects models were applied when significant
heterogeneity was present. To address the multiple test-
ing issue common in meta-analyses, a sequential trial
design was adopted in the TSA. Ultimately, the results
were interpreted in light of the number of trials analyzed,
cumulative statistical power, and estimated risks of type
I and II errors, providing a comprehensive understand-
ing of the impact of MTHEFR polymorphisms on PTB
incidence.

Results

Characteristics of selected studies

As illustrated in Fig. 1, a computerized search yielded
463 articles on MTHFR polymorphisms and PTB. After
removing duplicates, 198 records were screened, lead-
ing to 78 exclusions based on titles and abstracts. Sub-
sequently, 120 full-text articles were evaluated for
eligibility, resulting in 76 exclusions due to review arti-
cles, case reports, letters to editors, studies on diseases
other than PTB, and irrelevance to the MTHFR gene.
Ultimately, 44 case-control studies from 28 publications
[24, 26, 27, 29, 31, 36-58] in English and Chinese were
included, comprising 7,384 cases and 51,449 controls. Of
these studies, 29 focused on the MTHFR C677T poly-
morphism (4,985 cases and 28,815 controls), while 15
analyzed the MTHEFR A1298C variant (2,399 cases and
22,634 controls). Detailed data for both polymorphisms
can be found in Table 1. The meta-analysis encompassed
15 countries and their ethnic groups, predominantly fea-
turing Asian populations—particularly from China (10
instances), India (5 instances), and Korea. Moreover,
Caucasian representation included studies from Aus-
tria (4 instances), Norway (2), the USA (6), Denmark
(1), and Turkey (2), while Mexico had a mixed ethnic
contribution and African ethnicities were present in 3
USA studies. Various genotyping methods were utilized,
including PCR-RFLP, TagMan, and qRT-PCR, along with
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Fig. 1 lllustration of the study selection and inclusion process

techniques like Microarray, SNaPshot, and MassAR-
RAY. The Newcastle-Ottawa Scale (NOS) scores varied,
with most studies scoring between 5 and 8. The highest
number of studies achieved a score of 7, indicating robust
methodologies with adequate selection criteria, com-
parability of groups, and outcome assessment. Figure 1
illustrates this process.

HWE

The analysis of HWE for the MTHEFR C677T and A1298C
polymorphisms across various studies revealed a wide
range of HWE P-values, indicating significant variability

in genotype distributions among different populations.
For the C677T polymorphism, the majority of studies
reported HWE P-values above the conventional thresh-
old of 0.05, suggesting that the genotype frequencies in
these cohorts were in equilibrium, particularly in Cauca-
sian populations such as those from Austria, Norway, and
the USA. However, several studies from Asian popula-
tions, including those conducted in China, demonstrated
notably low HWE P-values, indicating significant devia-
tions from equilibrium in these groups. In contrast, for
the A1298C polymorphism, the results were more con-
sistent, with many studies reporting HWE P-values above
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Table 1 (continued)

HWE NOS

MAFs

Controls

Case/Control  Cases

Genotyping
Technique
PCR-RFLP
PCR-RFLP
PCR-RFLP

SOC

Country

First author

Allele
160
208
244

Genotypes

61

Allele
178
167
236

Genotypes

71

(Ethnicity)

6
6
7

56 0.259 0.383
0.771

48
44

38
40

38
29
72

36
29
60

108/108
98/128

HB

China(Asian)
Korea(Asian)

Nan 2015

0.188
0.153

84

69

Hwang 2018
Ling 2018

<0.001

26

109
546

88

154/144
27/691

HB

China(Asian)
China(Asian)

145

MassARRAY
MassARRAY
TagMan
TagMan

Wang 2022

8
5
7
5

0.300 0.238
0438

1673
7

1352 1197 238 3901

98
40

15 186
48

68

59

142/2787

44/8

Austria(Caucasian)
India(Asian)

Karasoulos 2022
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0.05, particularly in Caucasian and Asian populations
alike, although some studies, such as those from the USA
and China, exhibited lower P-values. These findings high-
light the necessity for considering ethnic and regional
variations when evaluating the genetic epidemiology of
MTHER polymorphisms and their association with PTB
risk.

Quantitative data synthesis

Tables 2 and 3 present risk estimates for the associa-
tion between MTHEFR polymorphisms and PTB across
the overall population, various subgroups, and genetic
models.

MTHEFR C677T: In a study investigating the asso-
ciation of the MTHFR C677T polymorphism with PTB,
significant findings were reported for various genetic
models across different populations. Pooled results dem-
onstrated a significant association between the MTHFR
C677T polymorphism and PTB under five genetic mod-
els: allele (C vs. T; OR=1.303, 95% CI 1.151-1.475,
»<0.001), homozygote (CC vs. AA; OR=1.494, 95%
CI 1.212-1.842, p<0.001), heterozygote (CT vs. AA;
OR=1.303, 95% CI 1.119-1.516, p=0.001), dominant
(CC+CT vs. AA; OR=1.341, 95% CI 1.161-1.548,
p<0.001), and recessive (CC vs. CT +AA; OR=1.340,
95% CI 1.119-1.604, p=0.001) Figure e 2 shows Forest
plots illustrating the link between the MTHFR C677T
polymorphism and PTB risk globally across various
genetic models. In Asian populations, the allele model
yielded an OR of 1.501 (95% CI 1.238-1.820, p<0.001),
with homozygote (CC vs. AA) showing an OR of 1.744
(95% CI 1.279-2.378, p<0.001) and heterozygote (CA vs.
AA) an OR of 1.555 (95% CI 1.230-1.967, p<0.001). In
contrast, Caucasian populations showed no significant
associations, as indicated by an allele model OR of 1.015
(95% CI1 0.944-1.092, p = 0.682). Notably, significant asso-
ciations were found in China (allele model OR =1.424,
»=0.001) and India (allele model OR=2.189, p<0.001),
while no significant associations were observed in Aus-
tria. These findings suggest a population-dependent
association of the MTHEFR polymorphism with PTB, par-
ticularly pronounced in Asian and Indian cohorts.

MTHEFR A1298C: Pooled results indicated no signifi-
cant association between the MTHFR A1298C polymor-
phism and PTB across various genetic models: allele (C
vs. A; OR=1.039, 95% CI 0.902-1.197, p=0.597), homo-
zygote (CC vs. AA; OR=0.975, 95% CI 0.804-1.182,
p=0.796), heterozygote (CA vs. AA; OR=1.146, 95% CI
0.935-1.404, p=0.191), dominant (CC+CA vs. AA; OR
values not provided), and recessive (CC vs. CA + AA; OR
values not provided). In subgroup analyses, no significant
associations were observed among Asians with respective
OR of 0.906 (allele model, 95% CI 0.680-1.216, p =0.520),
0.766 (homozygote, 95% CI 0.503-1.166, p=0.213), and



Page 8 of 20

(2025) 25:230

Vafapour et al. BMC Pregnancy and Childbirth

¥280 000l €850  6¥S0 8891-Sb/0 LTIl 8050 SET0  S8K0 8570  LE6S 9800 z 9l6Y pX4 YV +VYD'SADD
7560 000'L €00  06L1 TLOL-6460  9STL 000 v000 0900 000 000 /%0 z 06v' L PaX4 WY SAYD+DD
S6£0 0001 S900  6¥8l  0991-5860 671 000 $000 9900 000 000 ¥280 z [8€0 paxy WY SAYD
€680 000'1 I0SO  ¥EO'L  8WEL—¥ISO 6571 /S50 IZ€0 /950  OlE0 €19 5200 z (VAR paxi VY 'SA DD
1860 000° ZEL0  SOSL /8E1-8S60 €SIl 6910 v000 G900 6700 OO 510 z zese paxty VSAD eLasny
1880 000' 9700  7CTT  WhFS-TLI'L 09k 000 ¥6€0 8790 000 000 8€90 € ¥69'L PaX  YY+VYD'SADD
w0 VELO  L000S  66/S  66V'€-8S8L  0SST 000 6000 €600 000 000 8060 € 8v50 PX4 WY SAYD+DD
7080 000l LO0OS  60ES  99VE-€/L1  6/FT 000 LI00 9010 000 000 7660 € 150 pax1y VY SAYD
/860 000l L000 1697  Lb99-/FEL 66T 000 €0¥0  ¥E90 000 000 £190 € 06’1 paxi4 VY SADD
0650 000l  LOOOS — [€/S  0987-S/9L  68LT 000 v000 /900 000 000 6750 € €17 paxid VSAD elpu
9/00  02L0 Y000 8687 ¥SOT-6vL'L  9€SL  8SE0 0l00 Z0l0  8ZL0  8¥29 ¥00'0 6 66T WopuRY WY +YD'SADD
8600  9/80 €000 6667 LO6L—WWLL  S/FL  LEEO L000  S800 €LL0 669 1000 0l SHTLE wopuey WY SAYD+ID
S/LD 590 0v00  0S07  ELL1-€107L  OWEL  6E€0 6000 G600  SLLI'O 899 7000 8  /S/VT wopuey VY SAYD
900  02L0 1000  T9SE€  [SVT-/9TL  ¥9LL  TI¥O 8100 ¥ELO  0/L0  €0°€9 ¥00'0 6 SYEvT wopuey YV SADD
100 0170 1000  ZOS€  9SLL—¥SLL  ¥Tbl 1670 €000 /500  S800 /T8  1000S 6 virly wopuey V'SAD eUIYD
850  ¥5L0 YSI0 STl 8ZE1-9S60  /ZU'L 000 7000 6600 000 000 6090 8 ShE9 PaXl  YY+YDSADD
¥S00 €870 €880  [Pl0- /8011060 €660 8500 000 ¥l00 €000 061l €€€0 6  9lzol PXd YV SAYD+DD
[250  SOV0 SO0 T/90- 69011-€/80 9960  1TL0 1000  ¥200  Sl00  SO€E €510 8 1S6'LL paxty VY SAYD
8/y0 2090 0vZ0  SLUL PLEL-E60 80Ul 000 7000 €400 000 000 €850 8 1152 paxy VY SADD
ZEI0 8vE0 7890  OLY0  T60l—#60  SLOL 9500 000 6000 €000  /[E/L 8870 8 €896 paxi Y'SAD  suelsedned
€170 €480 9000  v7LT  ¥86L-8LLL  06bL  ¥OKO €100  ¥ILI0 €910 €409 1000 Pl ¥8ESE wopuey Yy +YyDSADD
LE00  8SS0  L000S  87¢¥  6WOT-LOSL  CE€9l  19€D L000 1800 OEL0  ¥8/9  1000S Sl 7599 WOpURY WV 'SAYD+DD
8700 7SS0 L000S  989€  /961-0€TL  SSSL  9SE0 [000  ¥800  /TL0  9¥S9  1000S Pl €E50Y wopuey WV SAYD
o0 99L0  LO00S  LISE  8/ET-6LTL Wbl €EK0 8100 ¥ELO  88L0  96S €000 vl losee wopuey WV SA DD
SI00  /FOO 10005 9€ly  0Z81-8€TL 1051 61€0 €000 8500 COLO Y€/ 1000S vl €619 wopuey VSAD suelsy
5070 6590 1000 I18L'€  #09L-6LLL  OWEL /870 €000  SSO0 7800  9€/b 000 ST gevLy Wopuey  YY+YDSADD
1000  ¥870 10005  666€ 8WS1-19LL  I¥EL 6870 7000  SKOO €800 679  1000S 8 50958 WOopURY WY 'SAYD+DD
1000 Z0v0 1000  €l¥'E  9ISL-6L1L  €0EL 78TO 7000  9¥00 0800  ISY9  1000S ST ShOLL wopuey WV SAYD
LS00 /Z¥0 10005  19/€  TWI-TITL  ¥eWl  0SE0 9000  //00 €TI0 98¢5 1000 ST €£0°€S wopuey WV SADD
€000 /KOO 10005  88lF S/FL-ISIL  €0€L  €5C0 1000  €€00  ¥900  68%/  LOOOS ST 66566 wopuey VSAD [EIEWe)
IRy PRy g ¥z 1D %S6 40 nel  adueuep as ner (%)l B4 (©OWp 2nead
selq
uonedlignd oney sppo nej JSTENETIIEIET] |opow joadA]  |9powdniausn  dnoibgnsg

A13unod pue A1p1uyia Ag pue ‘uoneindod jjesano Ul yuig wiaiald yum wsiydiowAjod | /79D Y4HIN JO UOIIRIDOSSE 39U} JO S}NSaY T 3jqeL



Vafapour et al. BMC Pregnancy and Childbirth (2025) 25:230

1.125 (heterozygote, 95% CI 0.748-1.691, p =0.571). Cau-
casians also displayed near neutrality in the allele model
(C vs. A; OR=1.028, 95% CI 0.935-1.130, p=0.572).
Notably, the China subgroup revealed an OR of 0.930
(allele model, 95% CI 0.644—1.342, p=0.697) without sig-
nificant associations in other models. Overall, these find-
ings suggest that the MTHFR A1298C polymorphism is
not significantly associated with the risk of PTB across
the different ethnic groups and populations studied.

Heterogeneity test

The analysis of heterogeneity in the association between
the MTHFR C677T polymorphism and PTB revealed
considerable variability across genetic models and sub-
groups. In the overall population, a Q-value of 99.599
with a p-value<0.001 and an I* of 74.89% indicated sig-
nificant heterogeneity. Subgroup analyses by ethnicity
demonstrated further differences, particularly among
Asians, who had a Q-value of 61.793 (p<0.001, I* =
77.34%), suggesting substantial variability. In contrast,
the Caucasian subgroup exhibited lower heterogene-
ity, with Q-values between 6.345 and 11.951, all yielding
non-significant p-values (>0.153) and I* below 33.05%.
The Chinese subgroup also showed significant hetero-
geneity, with Q-values ranging from 23.992 to 41.414, all
significant (» <0.004) and I* values indicating substantial
variability (62.48-78.27%). Moreover, the analysis of the
MTHFR A1298C polymorphism demonstrated notable
heterogeneity across genetic models and subgroups, with
the overall population showing moderate heterogeneity
in the Random model for C vs. A (Q=23.215, I’=52.61%,
p=0.016). In the CC vs. AA model, a Fixed model indi-
cated low to moderate heterogeneity (Q=16.448,
[’=33.12%, p=0.125), while a higher heterogeneity
was observed for CA vs. AA (Q=25.108, 1’=56.18%,
p=0.009). Ethnic subgroup analyses reflected varying
heterogeneity levels, particularly among Asians for the
CA vs. AA comparison (Q=19.653, I*’=74.55%, p =0.001).
Conversely, the Caucasian subgroup showed minimal
heterogeneity across models, with Q-values from 2.990
to 4.621 and consistently 0% I”. The China subgroup also
revealed significant heterogeneity for the C vs. A com-
parison (Q=14.453, I’=79.24%, p=0.002), highlighting
ethnic differences in the association of MTHEFR polymor-
phisms with PTB. These findings emphasize the com-
plexities and varying degrees of heterogeneity in genetic
associations related to PTB across different populations
and models.

Publication bias

The assessment of publication bias for the MTHEFR
C677T and A1298C polymorphisms indicates varying
levels of bias across different genetic models and eth-
nic subgroups. For the MTHFR C677T polymorphism,
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significant publication bias was identified in the over-
all population for the C vs. A (PBeggs=0.047, PEg-
gers=0.003) and CA vs. AA models (PBeggs=0.402,
PEggers=0.001). Ethnic analysis showed that Asians
exhibited publication bias in both models (C wvs.
A: PBeggs=0.047, PEggers=0.015 CA vs. AA:
PBeggs=0.552, PEggers=0.028), while Caucasians
showed no significant bias. At the country level, China
had bias in the C vs. A model (PBeggs=0.210, PEg-
gers=0.017), with India and Austria showing no signs
of bias. In contrast, the MTHFR A1298C polymorphism
showed no significant publication bias in the overall
population for the C vs. A model (PBeggs=0.945, PEg-
gers=0.593), though notable bias was observed in the
CA vs. AA model (PBeggs=0.086, PEggers=0.189). Sig-
nificant bias was found among Asians for the CC vs. AA
(PBeggs=0.259, PEggers=0.046) and CC vs. CA+AA
models (PBeggs=0.132, PEggers=0.006). Minimal bias
was noted in Caucasians, while China exhibited no sig-
nificant bias across all models.

Publication Bias assessment using Duval and Tweedie’s
trim and fill method

Duval and Tweedie’s trim and fill method assessed publi-
cation bias related to the MTHFR C677T polymorphism
and PTB, as shown in Fig. 3A-C. The analysis revealed
a point estimate of 1.13820 for fixed effects in the allele
model (C vs. A), with a CI of 1.07796 to 1.20180, which
decreased to 1.09184 after adjustment. For random
effects, the observed point estimate was 1.30331, adjust-
ing to 1.17004. In the heterozygote model (CA vs. AA),
fixed effects showed a point estimate of 1.10313, adjusted
to 1.02659 after trimming seven studies, whereas random
effects indicated a point estimate of 1.30266. The domi-
nant model (CC+CA vs. AA) produced an observed
fixed effects estimate of 1.13890, adjusting to 1.06448,
with random effects showing an estimate of 1.34091,
adjusted to 1.15274. The analysis indicated significant
heterogeneity across all models with high Q values,
emphasizing the need to address variability and potential
publication bias in systematic reviews and meta-analyses.
Overall, these findings highlight the impact of study trim-
ming on fixed and random effects estimates, with origi-
nal observed point estimates being higher than adjusted
values, suggesting potential publication bias influence on
preliminary results.

Sensitivity analysis

A sensitivity analysis was performed to assess the robust-
ness of the association between the MTHFR C677T
and A1298C polymorphisms and the risk of PTB. This
analysis evaluated how the OR changed with the exclu-
sion of specific studies or datasets. For the MTHFR
C677T polymorphism, the overall random model OR of



Page 10 of 20

(2025) 25:230

Vafapour et al. BMC Pregnancy and Childbirth

010 €LE |- 8EL'L-6/¥0 6€/0 8090 8570 /90 04€0 06y L1110 € §88'S wopuey VYV +VYD SADD
8860 9100 1¢S'1=2990 €00'L 96€°0 £200 9910 LS50 or9/L 2000 4 S6691 wopuey VYV SAYD+DD
8C90 7870 058'1-0690 oel'L LG¥0 700 6Lc0 €0C0 S6'C8 1000 € S09°/LL wopuey YV SAYD
/.0 €601~ Y1Z'1-5050 €820 7590 1SS0 [a7ZA0) 8¢r'0 Sles 6600 € 029 wopuey vV 'SADD
£690 68¢€0- rel-¥90 0€6'0 LCE0 7100 6LL0 L0L°0 76/ 000 € ES L wopuey YV 'SAD eulyo
76/°0 19C0- 961°1-16£0 €60 000 7000 9900 000 000 6550 ¥ 066C poXxi4 YV +VD SADD
6/€0 0880 061'1-9€6'0 SSO'L 000 1000 €200 000 000 ¥Z50 S LY paxi4 VYV 'SAYD+DD
£€8C0 S/0L 6CCL-Cv60 9/0'L 000 1000 €00 000 000 GES0 ¥ 8EL'E poXxi4 YV SAYD
SC60 7600 85C'1-C180 Lot 6500 9000 6,00 €000 /0°€ 68€0 ¥ ya4ny Poxl4 YV SADD
[0 5950 0€1'1=59€6'0 8¢0'L 8500 000 8L00 €000 rel 8¢€0 4 Leot paxi4 YV 'SAD suejseone)
600 §89'L- 090'L-+#9%°0 1070 0S¥0 910 [4240 ¢0C0 £e0¢e 80C°0 S LLVL poXxi4 VYV +VYD SADD
€660 800°0- 90%'L-60£0 6660 05€°0 GO0 4N Lo €CL9 5000 9 €l1egl wopuey VYV 'SAYD+DD
L/S50 9950 169'1-8¥/°0 Sl 80¥°0 200 5910 9910 S/ 1000 S €5961L wopuey YV SAYD
€10 Sy~ 991'1-€050 99/°0 0LS0 LSC0 1050 09¢0 S0'GE /10 S 669/ poXxi4 VYV SADD
050 £¥9°0- 917'1-0890 9060 L8C0 £00°0 7800 6/00 VA gAY 6000 S LESL wopuey YV SAD suelsy
€50 790~ LCLL=¥6/0 960 €10 5000 8900 0€00 8C6l ¥5C0 Ll 8C9¢l poXxi4 VYV +VYD SADD
86€0 S¥80 [STL-€1610 1201 9810 1000 €00 GE00 6€GY 6200 vl 0v9's¢ wopuey VYV SAYD+DD
1610 60€°L Y0¥ 1-9€6'0 orlL'L ¥€C0 €000 ¢s00 G500 8199 6000 Ll 801°S¢ wopuey YV SAYD
96/°0 85C°0- 81'1-%080 S/60 £€8C0 €100 SLLO 0800 clee SClo Ll 89l poXxi4 VYV SADD
1650 8¢S0 /61°1-2060 6€0°L 1910 1000 G200 9700 19CS 9100 Ll Sleee wopuey V'SAD [[BI9AO
Hog ¥z 12 %56 40 nel  aduelep as neg (%)l Hd (Owp  aneAd
onel sppo nej AyauaboialeHy |opow jo adA |opow d133usn dnoibgns

A1unod pue A1diuyla Ag pue ‘uoneindod |jesano Ul yuig wiaiald yum wsiydiowAjod D867 1Y Y4HL JO UOIBIDOSSE U3 JO SNSAY € d|qeL



Vafapour et al. BMC Pregnancy and Childbirth (2025) 25:230 Page 11 of 20

A
Study name Statistics for each study Odds ratio and 95% CI

Odds Lower Upper Relative

ratio limit limit Z-Value p-Value weight
Resch 2004 1.063 0446 2530 0.137 0.891 154
Nurk 2004 0.954 0.852 1.069 -0.806 0.420 5.94
Valdez 2004 1.652 1.137 2400 2.633 0.008 = 3.99
Engel 2006a 1116 0.757 1645 0.554 0.580 3.88
Engel 2006b 0528 0.232 1.199 -1526 0.127 1.67
Chen 2004 0.987 0.767 1.271 -0.098 0.922 4.96
Stonek 2007 1411 1.070 1.862 2436 0.015 {F 476
Uvuz 2009 1.741 0900 3.371 1.646 0.100 225
Yang 2010 1.757 1236 2497 3.140 0.002 - 4.16
Hiltunen 2011  1.035 0.835 1.282 0.315 0.753 5.27
Lykke 2012 0.998 0.866 1.149 -0.032 0.974 578
Du 2013 1.772 1355 2317 4183 0.000 [ 4.83
Nan 2015 1.853 1.265 2.716 3.166 0.002 = 3.92
Tiwari 2015 2720 1.717 4310 4.264 0.000 e 3.36
Mei 2015 1.704 1122 2587 2502 0.012 ] 3.66
Wang 2015 0921 0.712 1.191 -0.630 0.529 4.92
Huang 2016 2438 1555 3.823 3.883 0.000 - 3.43
Hwang 2018 0911 0624 1329 -0486 0.627 3.95
Karasoulos 20220.972 0.750 1.261 -0.212 0.832 4.90
Mengmeng 20221.677 1.143 2462 2641 0.008 = 3.91
Panikar 2023  2.351 1.392 3.971 3.198 0.001 o 295
Panigrahi 2023 1.358 0.353 5.227 0.445 0.656 —— 0.75
Rathod 2023 1.786 1.144 2788 2554 0.011 = 3.46
Huang 2023 1215 0.783 1.886 0.871 0.384 - - 3.50
Wu 2024 1.020 0.862 1.206 0.227 0.820 561
Pavlic 2024 0917 0515 1.634 -0.295 0.768 265

1.303 1.151 1475 4.188 0.000 ¢

0.01 0.1 1 10 100

B
Study name Statistics for each study Odds ratio and 95% CI

Odds Lower Upper Relative

ratio limit limit Z-Value p-Value weight
Resch 2004 1.083 0.089 13.145 0.063 0.950 b 0.65
Nurk 2004 1.043 0809 1.345 0.325 0.746 8.17
Valdez 2004 2903 1320 6.384 2651 0.008 L W 4.01
Engel 2006a 1.153 0489 2719 0.326 0.745 3.63
Engel 2006b 0.363 0.019 6.833 -0.677 0.498 0.48
Chen 2004 1.056 0649 1718 0.218 0.828 6.18
Stonek 2007 1.907 1.081 3.364 2230 0.026 o 5.52
Uvuz 2009 5120 0.538 48.718 1.421 0.155 r— 0.79
Yang 2010 2726 1398 5316 2943 0.003 ] o 4.77
Hiltunen 2011 1.110 0607 2027 0.339 0.735 525
Lykke 2012 1.100 0.784 1.543 0.552 0.581 7.47
Du 2013 2779 1662 4646 3.897 0.000 - 5.95
Nan 2015 3.077 1469 6.447 2978 0.003 e o 4.30
Tiwari 2015 3446 1.088 10.914 2103 0.035 e By 243
Mei 2015 2588 1.166 5744 2.338 0.019 e 3.96
Wang 2015 0911 0.538 1.543 -0.346 0.730 - 5.85
Huang 2016 1.862 0647 5355 1.153 0.249 ] u— 2.76
Hwang 2018 0625 0.270 1.445 -1.100 0.271 L B 3.73
Karasoulos 2022 0.666 0.327 1.353 -1.124 0.261 Ll 4.49
Mengmeng 2022 2.487 1.174 5268 2380 0.017 ] 4.23
Panikar 2023 2809 0.709 11124 1471 0141 1.85
Panigrahi 2023 0.889 0.084 9.444 -0.098 0.922 0.72
Rathod 2023  10.836 0.544 215.965 1.561 0.119 0.46
Huang 2023 1721 0722 4103 1225 0.221 b e ] 357
Wu 2024 1.024 0677 1551 0.114 0.909 6.81
Pavlic 2024 1.029 0.268 3.942 0.041 0.967 1.92
1494 1212 1.842 3.761 0.000 '3
0.01 0.1 1 10 100

Fig. 2 Forest plots depicting the association between the MTHFR C677T polymorphism and the risk of PTB in the global population: A: comparison of
alleles (C vs.T), B: homozygous comparison (CC vs. AA), C: heterozygous comparison (CT vs. AA), D: dominant model (CC+CT vs. AA), E: recessive model
(CCvs.CT+AA)
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C
Study name Statistics for each study Odds ratio and 95% CI
Odds Lower Upper Relative
ratio limit limit 2Z-Value p-Value weight
Resch 2004 1.083 0.364 3.222 0.144 0.886 1.54
Nurk 2004 0.861 0.738 1.005 -1.893 0.058 6.99
Valdez 2004 1645 0.816 3.316 1.390 0.164 2.89
Engel 2006a 1.198 0.690 2.079 0.643 0.520 3.78
Engel 2006b 0.621 0.263 1.465 -1.088 0.277 221
Chen 2004 1.534 0964 2441 1.803 0.071 4.42
Stonek 2007 1412 0.929 2147 1613 0.107 4.79
Uvuz 2009 1.581 0.692 3612 1.087 0.277 2.33
Yang 2010 1.491 0.830 2677 1.337 0.181 3.55
Hiltunen 2011 1.025 0.780 1.345 0.175 0.861 6.07
Lykke 2012 0.933 0.771 1.130 -0.710 0478 6.73
Du 2013 1.476 0.953 2.287 1.743 0.081 4.63
Nan 2015 1.381 0.729 2620 0.990 0.322 3.22
Tiwari 2015 2.814 1.600 4.951 3.590 0.000 o 3.69
Mei 2015 1474 0.742 2926 1.108 0.268 297
Wang 2015 0.697 0459 1.057 -1699 0.089 4.81
Huang 2016 3.266 1.842 5792 4.049 0.000 o 3.64
Hwang 2018 1.589 0.880 2.868 1.537 0.124 3.52
Karasoulos 20221.214 0.856 1.724 1.087 0.277 5.38
Mengmeng 20221.793 0.975 3.299 1.878 0.060 3.40
Panikar 2023 2478 1.316 4.668 2809 0.005 e 3.26
Panigrahi 2023 2.889 0.314 26.546 0.937 0.349 e 0.44
Rathod 2023 2157 1.219 3.816 2.640 0.008 ] 3.65
Huang 2023 0.952 0509 1.779 -0.154 0.878 3.31
Wu 2024 1.029 0824 1.285 0.251 0.801 6.49
Pavlic 2024 0.730 0.315 1.691 -0.734 0.463 2.28
1.303 1.119 1516 3413 0.001 ¢
0.01 0.1 1 10 100
D
Study name Statistics for each study Odds ratio and 95% CI
Odds Lower Upper Relative
ratio limit limit  Z-Value p-Value weight
Resch 2004 1.083 0378 3.104 0.149 0.882 1.45
Nurk 2004 0893 0.772 1.033 -1.528 0.127 6.05
Valdez 2004 1.978 1.014 3857 2.002 0.045 2.70
Engel 2006a 1.189 0705 2003 0.649 0.517 3.48
Engel 2006b 0561 0239 1.314 -1.331 0.183 1.97
Chen 2004 1.303 0.849 2002 1210 0.226 4.09
Stonek 2007 1517 1.024 2248 2079 0.038 4.35
Uvuz 2009 1.778 0798 3.958 1.409  0.159 215
Gargano2009a 1.079 0.739 1576 0.396  0.692 4.46
Gargano 2009b 1.033  0.542 1.971 0.099 0.921 2.80
Yang 2010 1.854 1.085 3.169 2257 0.024 S 3.40
Hiltunen 2011 1.034 0.795 1.345 0.249 0.803 5.30
Lykke 2012 0959 0.799 1.150 -0.455 0.649 5.84
Du 2013 1854 1240 2771 3.011  0.003 == 429
Nan 2015 1.855 1.029 3.344 2.056  0.040 3.10
Tiwari 2015 2919 1734 4916 4.029 0.000 ] 3.49
Mei 2015 1.803 0960 3.383 1.834 0.067 2.88
Wang 2015 0.752 0508 1.116 -1.416  0.157 4.35
Huang 2016 2929 1745 4915 4069 0.000 e 3.51
Hwang 2018 1272 0725 2229 0.839 0.401 325
Karasoulos 2022 1.108 0.789 1556 0.590  0.555 474
Mengmeng 2022 1.995 1.134 3509 2398 0.016 — 323
Wang 2022 1137 0335 3.857 0.206 0.837 e — 1.14
Panikar2023 2528 1.401 4562 3.078  0.002 ] 3.09
Panigrahi 2023 1.889 0.341 10459 0.728  0.466 0.64
Rathod 2023 2263 1282 3993 2817 0.005 Ll ] 3.21
Huang 2023 1.102 0629 1.931 0339 0.734 3.25
Wu 2024 1.028 0831 1272 0257 0.797 5.65
Pavlic 2024 0.777 0347 1738 -0615 0.539 213
1341 1161 1548 3999  0.000 ¢
1

Fig. 2 (continued)

1.303 (95% CI: 1.151-1.475) indicated an increased risk
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of PTB. Notably, substantial heterogeneity was observed
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E
Study name Statistics for each study Odds ratio and 95% CI

Odds Lower Upper Relative

ratio  limit limit Z-Value p-Value weight
Resch 2004 1.050 0.090 12275 0.039 0.969 b 0.51
Nurk 2004 1.114 0.871 1424 0858 0.391 8.64
Valdez 2004 2.040 1.123 3.707 2.340 0.019 ] 4.83
Engel 2006a 1.056 0469 2380 0.132 0.895 3.33
Engel 2006b 0.386 0.021 7.260 -0.636 0.525 0.36
Chen 2004 0.794 0546 1.155 -1.206 0.228 - 712
Stonek 2007 1603 0953 2696 1.777 0.076 = - 5.54
Uvuz 2009 4261 0459 39.544 1.275 0.202 0.62
Yang 2010 2180 1.226 3.875 2654 0.008 Ll 5.02
Hiltunen 2011  1.099 0608 1.986 0.312 0.755 4.88
Lykke 2012 1136 0819 1575 0.761 0.446 7.69
Du 2013 2235 1425 3506 3.501 0.000 - = 6.27
Nan 2015 2543 1350 4.791 2.888 0.004 ] 4.53
Tiwari 2015 2893 00917 9129 1.812 0.070 1.99
Mei 2015 2.083 1.041 4170 2.073 0.038 ] o 4.08
Wang 2015 1137 0719 1.796 0.548 0.583 6.19
Huang 2016 1524 0532 4363 0.784 0433 et — 2.28
Hwang 2018 0473 0.222 1.009 -1.937 0.053 b By 3.65
Karasoulos 20220.605 0.305 1.202 -1.434 0.152 e 413
Mengmeng 20221.793 0.920 3.498 1.714 0.087 e 4.26
Panikar 2023 2.399 0608 9458 1.250 0.211 1.48
Panigrahi 2023 0.700 0.068 7.222 -0.300 0.765 0.56
Rathod 2023 7.215 0.368 141524 1.301 0.193 0.35
Huang 2023 1.751 0.754 4064 1303 0.192 e 3.17
Wu 2024 1.012 0676 1514 0.057 0.954 6.80
Pavlic 2024 1227 0349 4316 0.319 0.750 1.71

1340 1.119 1.604 3.181 0.001 ¢

0.01 0.1 1 10 100

Fig. 2 (continued)

(I* = 79.21%), suggesting variability among study results.
Excluding studies with high heterogeneity—character-
ized by wide CIs or smaller sample sizes—Iled to varia-
tions in the OR, which could enhance consistency across
findings. In contrast, the MTHFR A1298C polymor-
phism exhibited a random model OR of 1.039 (95% CI:
0.902-1.197), indicating no significant association with
PTB and also showed considerable heterogeneity (I* =
83.18%). Sensitivity analyses that removed studies not
adhering to HWE or those suspected of bias were cru-
cial in determining the stability of the association. Sig-
nificant variations in the OR from these removals, while
still retaining statistical significance, pointed to the influ-
ential role of certain studies on the overall findings. This
underscores the necessity for careful interpretation of the
associations of these polymorphisms in the context of
predicting PTB risk.

Trial sequential analysis results

The relationship between MTHFR polymorphisms and
PTB risk has produced inconsistent findings, necessitat-
ing a thorough review of the cumulative data. A TSA was

performed to evaluate the reliability and strength of the
evidence regarding this association. The pooled effect
size for the MTHFR 677 C/T polymorphism suggested
a slight increase in PTB risk under a dominant genetic
model, with a pooled effect of 1.14 (95% CI: 1.07 to 1.23,
Fig. 4A) and a statistically significant p-value of 2.0E-4.
However, moderate heterogeneity was noted (I* = 0.67),
indicating substantial variability among the studies, sup-
ported by a high Q statistic of 85.62 and a Q p-value of
0.0. This suggests that the differences in effect estimates
are likely due to inherent study variations rather than
random chance. Individual study contributions var-
ied significantly, from 0.14 to 26.2%. Notably, studies by
Lykke and Hiltunen showed effect measures near null,
while Tiwari reported much higher risk estimates. This
discrepancy highlights the need for careful evaluation of
study characteristics, methodologies, and populations to
clarify the association between MTHFR polymorphisms
and PTB risk. Regarding the MTHEFR 1298 A/C polymor-
phism, the TSA indicated a pooled effect estimate of 1.02
(95% CI: 0.93 to 1.12, Fig. 4B) and a p-value of 0.6989,
showing no significant association with PTB risk under
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Fig. 3 Begg's funnel plots assessing publication bias regarding the MTHFR C677T polymorphism and PTB risk in the global population: A: comparison of

alleles (C vs.T), B: heterozygous comparison (CT vs. AA), C: dominant model (CC+CT vs. AA)
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Fig. 4 Cumulative Trial Sequential Analysis results for MTHFR polymorphisms in relation to the risk of PTB under a dominant model. A: MTHFR C677T; B:

MTHFR A1298C

the dominant genetic model. Considerable heterogene-
ity was also observed in this analysis, with a Q statistic
of 32.96 and a Q p-value of 0.0029, leading to an incon-
sistency index (I?) of 58%. This complexity underlines the
varied findings, with some studies indicating increased
risk and others showing a protective effect. Overall, the
TSA results highlight the necessity for further research
to clarify the conflicting evidence regarding the role
of MTHFR polymorphisms in PTB. Strengthening

the evidence base will aid in developing future clinical
and public health strategies related to PTB risk factors,
enhancing our understanding of the genetic influences
on PTB outcomes.

MAF

The analysis of minor allele frequencies (MAFs) for
the MTHFR C677T polymorphism revealed notable
variations across different ethnic groups. In Caucasian
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populations, MAFs ranged from 0.190 in Turkey to 0.457
in Mexico, with several studies from Austria, Norway,
and the USA showing frequencies around 0.227 to 0.316.
In Asian populations, notably higher frequencies were
observed, with China exhibiting MAFs between 0.561
and 0.452 across various studies, while Korea presented
a frequency of 0.426. Indian samples showed lower fre-
quencies, with values between 0.072 and 0.220. For the
MTHEFR A1298C polymorphism, Caucasian populations
again displayed varying frequencies, with values from
0.300 in Austria to 0.424 in the USA, alongside a sig-
nificant frequency of 0.700 among African-Americans.
Asian populations showed lower MAFs compared to the
C677T polymorphism, with frequencies ranging from
0.153 to 0.259 in China, while Indian samples reported
a notable frequency of 0.438. Overall, the data suggest
substantial ethnic variability in MAFs for both poly-
morphisms, highlighting the importance of considering
genetic diversity in studies related to PTB risk.

Discussion

The MTHEFR C677T polymorphism has attracted con-
siderable research interest due to its effects on folate
metabolism and homocysteine levels, both crucial for
reproductive health and pregnancy outcomes [59]. The
homozygous TT genotype is linked to several adverse
outcomes, including lower full-term birth rates and
higher risks of gestational diabetes, hypertensive disor-
ders, spontaneous abortions, and fetal abnormalities.
Despite the potential complications arising from MTHFR
polymorphisms, appropriate medical interventions can
enhance live birth rates post-treatment [60]. Notably,
paternal MTHFR C677T polymorphisms do not signifi-
cantly affect embryo quality or neonatal outcomes, high-
lighting the importance of maternal genetics. The C677T
polymorphism is associated with increased homocys-
teine levels, which may lead to issues such as venous
thrombosis and recurrent pregnancy loss. However, the
relationship between this polymorphism and pregnancy
outcomes is complex; some studies have shown no sig-
nificant correlation with preterm delivery or other com-
plications after adjusting for factors like age and body
mass index, indicating that other variables may also be
influential [61-63]. Our analysis of 29 studies involving
4,985 cases and 28,815 controls revealed a significant
association between the MTHFR C677T polymorphism
and PTB, particularly in Asian and Indian populations,
with no significant findings in Caucasian groups. Previ-
ous meta-analyses by Chen et al. (2016) [32], Wu et al.
(2017) [33], and Fang et al. (2018) [34] examined the
association between the MTHFR C677T polymorphism
and adverse pregnancy outcomes, each employing dif-
ferent methodologies regarding inclusion criteria and
statistical models. Chen et al. investigated both PTB
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and placental abruption using a random-effects model
for ORs with 95% Cls, while Wu et al. focused on PTB
and low birth weight, analyzing case-control studies with
genotype frequencies and applying a random-effects
model with ethnic stratification. Fang et al. specifically
analyzed maternal MTHFR polymorphisms related to
PTB, calculating pooled ORs across various genetic mod-
els within a random-effects framework. These method-
ological differences may explain the inconsistent findings
regarding the impact of the MTHFR C677T polymor-
phism on pregnancy outcomes. Fang et al. reported a
strong correlation between the MTHFR C677T poly-
morphism and increased PTB risk, particularly in Asian
populations [34], while Wu et al. supported this with data
from 25 studies indicating significant risk. They stressed
the potential benefits of screening for MTHFR mutations
in pregnant women, especially in developing countries,
as maternal genetics seemed to have a greater influence
than neonatal polymorphisms, which showed no sig-
nificant associations [33]. Chen et al. [32] systematically
reviewed 22 studies and found no significant association
between the MTHFR C677T polymorphism and PTB
or placental abruption. This result remained consistent
across different genetic models and highlights the need
for further research that includes diverse populations
and accounts for potential confounding factors. It under-
scores the importance of tailored screening and preven-
tion strategies in maternal health, especially in regions
where the MTHFR C677T polymorphism may signifi-
cantly affect PTB.

The MTHFR A1298C variant has been studied for its
potential effects on pregnancy outcomes due to its role in
folate metabolism, essential for DNA synthesis and repair
during pregnancy [53]. Several studies indicate signifi-
cant improvements in live birth rates among women with
the MTHFR C677T and A1298C polymorphisms post-
treatment, increasing from 9.4% pre-treatment to 68.7%
post-treatment, while abortion rates decreased from 81.2
to 32.1% [61-63]. Additionally, younger maternal age
was linked to a 3.76-fold increase in live births among
those with the A1298C heterozygous genotype, suggest-
ing better outcomes for younger women [61]. However,
pregnancy complications such as preeclampsia and fetal
growth restriction were noted in about 18.3% of patients,
and the A1298C polymorphism is associated with an
increased risk of recurrent pregnancy loss and gestational
hypertension [61, 64]. Literature shows mixed results on
the link between this polymorphism and adverse preg-
nancy outcomes, suggesting that environmental factors
like folate intake play a significant role. Dietary inter-
ventions, particularly a methionine-poor diet al.ongside
medical treatment, may enhance pregnancy outcomes for
women with MTHFR polymorphisms, highlighting the
importance of a comprehensive approach to managing
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these genetic variations [29, 65]. Our pooled analysis of
15 studies with 2,399 cases and 22,634 controls found
no significant link between the MTHFR A1298C vari-
ant and PTB risk, indicating minimal genetic impact. A
2018 meta-analysis by Javaheri et al. also found no sig-
nificant link between the MTHFR A1298C variant and
PTB risk across various genetic models [28]. Some stud-
ies suggest a potential link between elevated homocys-
teine levels associated with the MTHFR A1298C variant
and PTB [47]; however, larger population-based studies,
including one with Croatian and Slovenian women, have
not consistently validated this association [27]. Ethnic
variations in the data indicate that while overall findings
show no significant risk, stratified analyses reveal a sig-
nificant association in Asian populations, where the allele
C appears to offer a protective effect against PTB [31],
unlike in Caucasian populations. Some studies indicate
that the CC genotype of the A1298C polymorphism may
offer protection against preterm delivery, as evidenced
by its lower frequency in such cases [31]. Although the
A1298C variant does not significantly impair enzymatic
activity, it could influence folate metabolism—critical
during pregnancy—leading to potential adverse effects
if folate intake is low [64]. Clinically, these findings sug-
gest that routine genetic testing for MTHFR A1298C in
pregnant women may not effectively predict PTB risk.
Researchers generally agree that while ensuring adequate
folate levels is essential for pregnancy health, the pres-
ence of MTHER polymorphisms alone does not warrant
changes in clinical management or interventions aimed
at preventing PTB.

MTHER polymorphisms, particularly C677T, are sig-
nificantly linked to PTB in Asian populations, whereas
the A1298C variant does not show the same effect. This
difference can be attributed to factors like genetic preva-
lence, metabolic implications, and study methodologies
[33, 34]. The C677T variant is more prevalent in Asians,
and research demonstrates that individuals with the TT
or CT genotypes face a higher risk of PTB compared
to those with the CC genotype. Research confirms that
the maternal MTHFR C677T polymorphism is associ-
ated with a higher risk of PTB across various genetic
models [32]. The mechanism is believed to involve the
C677T variant, which reduces MTHER enzyme stability
and activity, thereby raising homocysteine levels in the
body. High homocysteine concentrations are associated
with vascular complications during pregnancy, poten-
tially impairing placental function and increasing PTB
likelihood. In contrast, the A1298C polymorphism is
less prevalent in Asian populations, with allele frequen-
cies between 1% and 4% [60], which likely diminishes
its impact on pregnancy outcomes. Investigations into
the A1298C variant have generally shown weak correla-
tions with PTB or other adverse pregnancy outcomes,
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indicating that its effects are overshadowed by those of
C677T [33]. Additionally, geographical distribution plays
a significant role, as the C677T variant exhibits consid-
erable variability across regions like China, correlating
with differences in pregnancy complications, while the
A1298C polymorphism remains relatively stable across
populations [60]. These findings have important public
health and genetic counseling implications, as under-
standing the MTHFR C677T polymorphism’s association
with PTB can enhance risk assessment and management
strategies for pregnant women in Asian populations,
whereas the A1298C variant appears less relevant in this
context.

The analysis of heterogeneity regarding the MTHFR
C677T and A1298C polymorphisms in relation to PTB
underscores the complexity of genetic associations across
diverse populations. Notably, the pronounced heteroge-
neity observed within the Asian subgroup, particularly
for the MTHFR C677T polymorphism, indicates sig-
nificant variability in the genetic risk factors influencing
PTB, as evidenced by high Q-values and I* percentages.
This contrasts sharply with the Caucasian subgroup,
where the consistent low heterogeneity suggests a more
uniform genetic influence or possibly a lack of associ-
ated risk variations, pointing to the intricate interplay
between genetic background and environmental fac-
tors in different ethnic groups. Moreover, the significant
heterogeneity within the Chinese subgroup for both
MTHER polymorphisms further highlights the need for
more granular research that takes into account ethnic
variations. Such findings not only stress the importance
of personalized genetic considerations in clinical set-
tings but also raise questions about the underlying bio-
logical mechanisms driving these disparities. Overall, this
analysis reinforces the necessity for tailored approaches
in future studies aimed at understanding PTB etiology in
diverse populations.

Clinical implications

The pooled data on MTHEFR polymorphisms and their
association with PTB reveals significant clinical implica-
tions for managing pregnancy risks. Notably, the MTHFR
C677T variant shows strong associations in popula-
tions such as Asians and Indians, suggesting that genetic
screening for this polymorphism could help identify
women at higher risk for PTB. This targeted approach
enables the development of personalized prenatal care
strategies, allowing healthcare providers to implement
preventive measures or closer monitoring for at-risk
groups. Conversely, the lack of significant associations
for the MTHFR A1298C polymorphism across various
populations indicates that routine screening for this vari-
ant may not be necessary. Furthermore, the variations
in associations among different populations highlight
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the importance of culturally sensitive healthcare inter-
ventions that address genetic diversity. However, the
cost-effectiveness of widespread genetic screening, par-
ticularly in developing countries, presents a significant
challenge. Although such screening could facilitate tar-
geted interventions, the financial implications must be
carefully considered, especially in regions with limited
healthcare resources. The economic burden of genetic
testing may exceed potential savings from preventing
PTB-related complications, which can incur substan-
tial medical costs and long-term care needs for affected
infants. For genetic screening to be warranted in devel-
oping countries, it must be paired with effective preven-
tive strategies that provide a clear return on investment.
Moreover, the necessary infrastructure for implementing
genetic testing, including trained healthcare profession-
als and accessible counseling, may be insufficient in many
areas. This situation raises important questions about the
practicality of such initiatives, necessitating significant
investment in public health initiatives to ensure equitable
access. Ultimately, while the potential benefits of person-
alized prenatal care through genetic screening are con-
siderable, a thorough evaluation of cost-effectiveness and
feasibility is essential before widespread clinical adoption
can be considered viable, encouraging a more nuanced
understanding of genetic factors in PTB and paving the
way for improved healthcare outcomes.

Limitations

To the best of our knowledge, this meta-analysis is the
most comprehensive examination of the associations
between MTHER polymorphisms and PTB since the last
meta-analysis on this topic published in 2018. However,
it does have several notable limitations: (1) The hetero-
geneity of study populations, influenced by genetic,
environmental, and lifestyle variations across differ-
ent ethnic groups, complicates result interpretation and
may confound associations. (2) The observational nature
of the included studies restricts causation inference. (3)
Reliance on diverse genotyping methodologies raises
concerns about the comparability of findings. (4) Incon-
sistencies in study design, such as varying definitions of
PTB and differing control group selections, contribute
to potential inconsistencies in outcome assessments. (5)
Variability in sample sizes and demographic represen-
tation can affect the statistical power and reliability of
effect estimates. (6) Confounding factors like maternal
age, socio-economic status, and folic acid intake may
undermine the validity of the findings. (7) Publication
bias tends to favor studies reporting significant results,
skewing overall conclusions. (8) Geographical dispari-
ties in healthcare access and nutritional status, along with
temporal variations in medical practices and diagnostic
criteria, add complexity to data synthesis. (9) Potential
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genetic linkage disequilibrium among MTHFR polymor-
phisms necessitates careful accounting in analyses to
avoid confounding associations with PTB. Collectively,
these limitations emphasize the need for standardized
methodologies and further research to clarify the asso-
ciations between MTHFR polymorphisms and PTB.

Conclusions

Our pooled data show a significant association between
the MTHEFR C677T polymorphism and PTB, especially in
Asian and Indian populations, while no such association
was found in Caucasian cohorts. Conversely, the MTHFR
A1298C polymorphism did not correlate with PTB risk,
indicating its genetic influence is likely minimal. These
findings highlight the importance of considering popula-
tion-specific factors in the genetic epidemiology of PTB,
as genetic influences can vary significantly between pop-
ulations. This underscores the necessity of incorporating
genetic backgrounds in research and clinical efforts to
understand and manage PTB risks.
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