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Abstract

The objective of the present study was to find out the association of folate genes MTR A2756G and MTRR A66G poly-
morphisms with the risk of male infertility. The databases of Google Scholar, PubMed, and Science Direct were searched
to find relevant studies. Data were extracted from the eligible studies and were analyzed for pooled up odds ratio (OR)
with 95% confidence interval (Cl). Review Manager 5.4 was used for statistical analysis. Nineteen case-control studies
were included in this meta-analysis which comprised 3621 cases and 3327 controls. Pooled analysis revealed that there
is a significant association between MTR A2756G polymorphism with male infertility except for the dominant model.
The ORs and 95% ClI for each genetic model were as follows: .21 [1.03—1.42] for the allele model (G vs. A), 2.31
[1.38-3.96] for the additive model (GG vs. AA), 1.17 [0.98-1.38] for the dominant model (GG+AG vs. AA) and 2.10
[1.55-2.86] for the recessive model (GG vs. AG+AA). MTRR A66G has no noticeable association with male infertility.
The current meta-analysis suggests that MTR A2756G polymorphism might be a potential risk factor for male infertility.
In the future, the sample size should be increased to confirm the present results.
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Introduction production of purines and pyrimidines, and the synth-

o . esis of nitrogenous bases (Balkan et al., 2013; Gava
The World Health Organization (WHO) defines infer- et al.. 2011: Kurzawski et al.. 2015: Lee et al.. 2006:

tility as a couple’s inability to conceive or carry a preg- K. Liu et al., 2015).

nancy following a year of routine, unprotected sexual Methylenetetrahydrofolate reductase (MTHFR),
activity (Balkan et al., 2013; Tanoomand et al,, 2019,; methionine synthase (MTR), and methionine synthase
Tﬁttglmang et al., 2007). The prevalence of male ferti- reductase (MTRR) are three essential enzymes in the
lity issues 15 between 40% and 50% (Balkan et al, folate metabolism (K. Liu et al., 2015; Tanoomand
2013). Impaired semen parameters, such as aberrant etal., 2019). MTHFR changes 5, 10-methylenetetrahy-

Sperm ‘count, copcentratlgn, mqrphology, an_d mot- drofolate into 5-methyltetrahydrofolate. Methionine
lity, might contribute to infertility (Du Plessis et al., is formed by transferring a methyl group from
2010).
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S-methyltetrahydrofolate, which serves as a precursor
for S-adenosylmethionine. MTR and MTRR conduct
the process. This methionine is converted into homo-
cysteine by methionine synthase. In animals, MTR
function is essential for maintaining adequate intracel-
lular folate pools, and it requires vitamin B12 as a
cofactor (Leclerc et al., 1996). The MTRR gene carries
out the reductive methylation of the MTR gene and
keeps the MTR gene alive (Farcas et al., 2009; K. Liu
et al., 2015). In this manner, sufficient intracellular
folate pools are preserved (Karimian & Colagar,
2016).

The MTRR gene is located on chromosome 5 at
the p15.2-15 position. It has 15 exons and 14 introns
(Leclerc et al., 1999). The MTR gene is located on
chromosome 1 at the q43 position. It has 33 exons and
32 introns (Karimian & Colagar, 2016). Some muta-
tions result in defective enzymes in the folate metabo-
lism pathway, which are linked to male infertility
(K. Liu et al., 2015). Single nucleotide polymorphisms
(SNPs) in MTRR A66G (rs1801394) and MTR
A2756G (rs1805087) have been reported (Karimian &
Colagar, 2016; Kurzawski et al., 2015; Lee et al., 20006;
Tanoomand et al., 2019) which can alter the amount,
stability, and activity of enzymes involved in folate
metabolism, which could have an impact on DNA
synthesis and folate metabolism (Z. J. Ren et al.,
2017). Sperm characteristics like motility, count, and
morphology may be impacted by DNA damage (Singh
& Jaiswal, 2013). As a result of these mutations, homo-
cysteine accumulation may have an impact on gamete
development by preventing the synthesis of nitric
oxide, which is essential for sperm capacitation and the
acrosome response (Karimian & Colagar, 2016). DNA
and histone protein methylation changes can cause
genome instability and failure of epigenetic regulation
in proliferation (Godmann et al., 2009).

Numerous researchers have looked at the relation-
ships between these SNPs and the risk of male inferti-
lity, but their findings are inconsistent. Karimian and
Colagar conducted a meta-analysis in 2016 on 7 case-
control studies which included 1725 cases and 1678
controls. Their results reported that MTR A2756G is
associated with idiopathic male infertility in both
Asian and non-Asian populations (Karimian &
Colagar, 2016). The folate pathway’s associated gene
variations may be a possible risk factor for male infer-
tility. A meta-analysis was conducted regarding
MTRR mutation A66G which included 14 studies.
The total number of cases and controls was 2620 and
2614, respectively. The overall results revealed a lack
of significant association between MTRR A66G
polymorphism and idiopathic male infertility risks

(S. Q. Ren et al., 2019). According to another study,
infertility in males due to unexplained decreased
sperm counts is not linked to MTRR A66G poly-
morphism. These findings imply that genetic varia-
tions in folate metabolism-related enzymes do not
significantly affect sperm counts (Ravel et al., 2009).
To boost the statistical power of all relevant research
and to compile the available data, meta-analysis is a
useful technique. The present meta-analysis based on
15 studies of MTR A2756G and MTRR A66G was
performed to clarify the association of both these
polymorphisms with the risk of male infertility.

Methods
Search Strategy

Meta-analysis was carried out using the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement presented in Figure 1.
The databases Google Scholar, PubMed, and Science
Direct were searched using the keywords “MTR,”
“MTRR” and “Male Infertility.” The references of
reviews and retrieved articles were also searched to
find out additional pertinent publications. Studies that
had been published in English only were included in
the search. Since every analysis was founded on previ-
ously published research, neither patient consent nor
ethical review was necessary.

Inclusion and Exclusion Criteria

The studies included in the current meta-analysis had
to satisfy the following requirements: studies with full-
text articles, published in English; examining the rela-
tionship between genotype frequencies or allele fre-
quencies for both cases and controls; case-control
studies; sufficient genotype data were available for the
estimation of odds ratios (ORs) and 95% confidence
intervals (CIs). Non-case-control studies, duplicate
publications, animal studies, reviews, repeated litera-
ture, abstracts, and comments, as well as studies with
insufficient data to calculate genotype frequency, were
all excluded from the consideration.

Data Extraction Strategy

From each eligible study, information was extracted
according to the inclusion criteria listed above. The
extracted information included the first author, publi-
cation year, country, ethnicity, age groups, inclusion
and exclusion criteria, genotyping method, the sample
size for the case and control groups, and genotypic



Tariq et al.

Identification ]

[

)

Eligibility Screening

Included

Records identified through

database searching
(n=548)

Additional records identified
through other sources

Records after duplicates removed

(n=528)

A 4

Records screened
(n=61)

Records excluded
(n=467)

A 4

Full-text articles assessed
for eligibility
(n=61)

A 4

Studies included in
qualitative synthesis
(n=19)

Full-text articles excluded,
with reasons (n = 42)

"| n=27 not reporting male

infertility, n = 2 non-human
studies, n = 12 not
reporting polymorphism,

n =1 missing data

A 4
Studies included in meta-

analysis
(n =13 for MTR
n =15 for MTRR)

Figure I. Flowchart Showing the Selected Studies
Note. MTR = methionine synthase; MTTR = methionine synthase reductase.

and allelic frequencies. Extracted data were checked
after being entered into a collection form.
Disagreements were settled through discussion by two
investigators (TT and AA).

Statistical Analysis

In order to analyze the relationships between the idio-
pathic male infertility risks and the MTRR A66G and
MTR A2756G gene polymorphisms, four models were
used: the allelic model, the additive model, the domi-
nant model, and the recessive model. The ORs with
95% CIs were used to determine the strength of the
association between the MTRR A66G and MTR
A2756G gene polymorphism and the risks of idio-
pathic male infertility. To measure the degree of the
heterogeneity of the study, the chi-square-based Q test
and the I? metric were applied (I?=0%-20%, no het-
erogeneity; I = 20%-50%, moderate heterogeneity;
I > 50%, obvious heterogeneity). The pooled ORs
and 95% ClIs were estimated using a random-effects

model. p < .10 or I* > 50% were indicators of hetero-
geneity. Reviewer Manager 5.4 was used for the statis-
tical analysis.

In-Silico Analysis of MTR and MTRR Expression

To analyze the influence of polymorphisms on MTR
and MTRR expression levels, GTEx Analysis Release
V8 (dbGaP Accession phs000424.v8.p2) data was used
(Gibson, 2015). GEPIA (http://gepia.cancer-pku.cn/)
was used to determine the differential expression of
MTR and MTRR in the tumor and normal tissues.

Trial Sequential Analysis

Trial sequential analysis (TSA) was conducted by
using Trial Sequential Analysis Viewer 24 software,
version 0.9.5.10 Beta, Copenhagen Trial Unit, Center
for Clinical Intervention Research, 25 (Gordon Lan &
DeMets, 1983). A 5% percent significance was
selected for type I error, and 80% power was used to
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calculate the sample size required and also to set the
TSA boundaries.

Results

Study Characteristics

Based on literature search and inclusion criteria over-
all 19 case-control studies were included in this meta-
analysis which comprised 3621 cases and 3327 con-
trols. The studies were published between 2006 and
2021. The numbers of case-control studies containing
the MTR A2756G mutation and MTRR A66G muta-
tion were 13 and 15, respectively. Out of the total 19
studies, 13 studies of MTR A2756G polymorphism
included 2662 cases and 2752 controls. Out of 13 stud-
ies, 8 studies were conducted on Asians and 5 were on
non-Asians. For MTRR A66G polymorphism 15
case-control studies met the inclusion criteria. The
number of Asian and non-Asian studies was 7 and 8,
respectively. These studies included 3089 cases and
2872 controls. The main characteristics of the included
studies are listed in Tables 1 and 2, respectively.

Association of MTR A2756G Polymorphism With Male
Infertility. The effect of the MTR A2756G polymorph-
ism on the likelihood of idiopathic male infertility was
assessed in 11 case-control studies. The major findings
of the meta-analysis of the relationships between the
A2756G mutation and the risk of idiopathic male
infertility are presented in Table 3. The findings of the
meta-analysis are presented in Figure 2 for the allele
(G vs. A), additive (GG vs. AA), dominant (GG +AG
vs. AA), and recessive (GG vs. AG + AA) models. The
12 values for these models, which indicate the between-
study heterogeneity, were 45%, 60%, 37%, and 0%,
respectively. The results showed a strong significant
association between MTR A2756G polymorphism
and male infertility except for the dominant model.
The ORs and 95% ClIs for each model were as follows:
1.21[1.03-1.42] for the allele model (G vs. A), 2.31
[1.38-3.96] for the additive model (GG vs. AA), 1.17
[0.98-1.38] for the dominant model (GG+ AG vs.
AA) and 2.10 [1.55-2.86] for the recessive model (GG
vs. AG+ AA).

Association of MTR A2756G Polymorphism With Male
Infertility in Asians. On data that had been analyzed by
subgroups, based on ethnicity, the MTR A2756G
polymorphism has been discovered to significantly
enhance the incidence of male infertility in the Asian
population, according to the additive and recessive
model. The ORs and 95% ClIs for each model were as

follows: 1.21]0.95-1.56] for the allele model (G vs. A),
2.14[1.33-3.45] for the additive model (GG vs. AA),
1.22[0.93-1.60] for the dominant model (GG + AG vs.
AA) and 1.98[1.24-3.18] for the recessive model (GG
vs. AG + AA) as presented in Table 3.

Association of MTR A2756G Polymorphism With Male
Infertility in Caucasians. According to the additive and
recessive models of comparison, there was a signifi-
cant association between MTR A2756G and the risk
of male infertility. The ORs and 95% CIs were 2.96
[1.10-7.96] and 2.14 [1.32-3.47] for additive and reces-
sive models, respectively (Table 3).

Association of MTR A2756G Polymorphism With
Idiopathic Male Infertility. According to the additive and
recessive models of comparison, a significant associa-
tion was identified between MTR A2756G and the
risk of idiopathic male infertility. The ORs and 95%
CIs were 2.33 [1.59 — 3.41] and 2.42 [1.64-3.56] for
additive and recessive models, respectively.

The sub-group analysis based on ethnicity pre-
sented a significantly increased risk of idiopathic male
infertility in Caucasians except for the dominant
model. The ORs and 95% Cls for each model were as
follows: 1.41 [1.14-1.74] for the allele model (G vs. A),
2.40 [1.46-3.95] for the additive model (GG vs. AA),
1.29 [0.99-1.66] for the dominant model (GG+AG
vs. AA) and 2.80 [1.71-4.59] for the recessive model
(GG vs. AG+ AA) as presented in Table 3. No signifi-
cant association of the polymorphism was observed
with idiopathic male infertility in Asians, as presented
in Table 3.

Association of MTRR A66G Polymorphism With Male
Infertility. Four genetic models of the MTRR A66G
polymorphism had low between-study heterogeneity (I*
range: 0-21%; P-value range: 0.11-0.43). Overall, none
of the comparison models revealed a significant associ-
ation between the MTRR A66G polymorphism and
male infertility (Figure 3). For each model, the ORs
and 95% Cls were mentioned in Table 4.

Association of MTRR A66G Polymorphism With Male
Infertility in Asians. On the data stratified by ethnicity,
subgroup analyses were performed. Among either of
the genetic models, there was no significant associa-
tion found between the MTRR A66G polymorphism
and the incidence of male infertility in Asians. The
ORs and 95% ClIs for each model were as follows:
1.09 [0.88-1.35] for the dominant model (GG+AG
vs. AA), 1.37[0.89-2.13] for the allele model (G vs. A),
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A Case Control Odds Ratio QOdds Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

Farcas 2009 27 130 26 134 5.0% 1.09 [0.60, 1.99] =t=—

Gava 2011 87 266 81 346 9.3% 1.59[1.11,2.27) ==

Karimian 2016 150 434 102 446 10.8% 1.78[1.32, 2.40] ==

Kim 2015 22 170 62 492 6.1% 1.03[0.61,1.74) =

Kurzawski 2015 119 568 143 704 11.4% 1.04[0.79,1.37) =

Lee 2006 101 720 74 650 10.2% 1.27[0.92,1.75) i

Li 2015 41 324 21 240 56% 1.51[0.87, 2.63] T

Liu 2012 16 150 11 144 3.2% 1.44 [0.65, 3.23] =E—

Murphy 2011 53 294 73 362 8.4% 0.87[0.59,1.29] i

Ni 2015 55 592 45 408 7.9% 0.83[0.55,1.25) ==IF

Tanoomand 2018 46 200 33 200 6.4% 1.51[0.92, 2.49]

Weiner 2014 134 546 107 562 11.1% 1.38[1.04,1.84] [Fe=

Wen-Bo 2010 17 714 22 566 4.6% 0.60[0.32,1.15) ===

Total (95% CI) 5108 5254 100.0% 1.21[1.03,1.42] *

Total events 868 800

Heterogeneity: Tau®= 0.04; Chi®= 23.26, df=12 (P = 0.03); F= 48% 0501 031 150 1050

Test for overall effect: Z= 2.30 (P = 0.02) : Favburs [case] Favours [control]
B Case Control Odds Ratio Odds Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

Farcas 2009 2 42 1 43 3.7% 2.10[0.18, 24.07)

Gava 2011 32 110 17 126 13.6% 2.63[1.36,5.07) ===

Karimian 2016 27 121 12 145 13.0% 3.18[1.53, 6.60] =

Kim 2015 1 65 3 180 41% 0.97[0.10,9.53]

Kurzawski 2015 13 30 9 227 10.8% 18.52[6.93, 49.49] ==

Lee 2006 11 281 4 259 9.4% 2.60[0.82, 8.26) =t

Li 2015 3 127 2 103 57% 1.22[0.20, 7.45] e

Liu 2012 1 61 0 61 2.3% 3.05[0.12,76.34)

Murphy 2011 6 106 8 124 99% 0.87[0.29, 2.59] S

Ni 2015 4 249 4 167 7.8% 0.67[0.16, 2.70] =

Tanoomand 2018 5 64 3 73 74% 1.98 [0.45, 8.62) S LS

Weiner 2014 18 174 10 194 12.3% 212[0.95,4.73] T

Wen-Bo 2010 0 340 0 261 Not estimable

Total (95% CI) 1770 1973 100.0% 2.33[1.38, 3.96] L

Total events 123 73

Heterogeneity: Tau®= 0.42; Chi*= 25.05, df=11 (P = 0.009); I*= 56% =0 o1 041 150 1001

Test for overall effect: Z= 3.15 (P = 0.002) : Fav'ours [case] Favours [control]
C Case Control Odds Ratio Odds Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

Farcas 2009 25 65 25 67  4.6% 1.05[0.52,2.12) =r—

Gava 2011 55 133 64 173 8.2% 1.20[0.76,1.91] ==

Karimian 2016 123 217 90 223 10.2% 1.93[1.32,2.82) S

Kim 2015 21 85 59 246 6.2% 1.04[0.59,1.84] =t

Kurzawski 2015 106 284 134 352 11.8% 0.97[0.70,1.34) ==

Lee 2006 90 360 70 325 10.8% 1.21[0.85,1.73] s[e=

Li 2015 38 162 19 120 57% 1.63[0.89, 3.00] T

Liu 2012 15 75 1" 72 34% 1.39[0.59, 3.26) SSiee—

Murphy 2011 47 147 65 181 8.3% 0.84[0.53,1.33] ===

Ni 2015 51 296 41 204 8.3% 0.83[0.52,1.31) ]

Tanoomand 2018 41 100 30 100 6.1% 1.62[0.90, 2.91) i

Weiner 2014 116 273 97 281 11.2% 1.40[0.99,1.98] ==

Wen-Bo 2010 17 357 22 283 52% 0.59[0.31,1.14] ===t

Total (95% CI) 2554 2627 100.0% 1.17 [0.98, 1.38] »

Total events 745 727

Heterogeneity: Tau®= 0.04; Chi*= 20.27, df=12 (P = 0.06); F= 41% =0.01 0f1 150 100‘

Test for overall effect: Z=1.73 (P = 0.08)

Favours [case] Favours [control]

Figure 2. (continued)
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Total Weight M-H, Random, 95% CI

Odds Ratio Odds Ratio

M-H, Random, 95% CI

D Case Control

Study or Subgroup  Events Total Events

Farcas 2009 2 63 1 66 1.6%
Gava 2011 31 10 17 156 21.9%
Karimian 2016 27 190 12 211 18.7%
Kim 2015 1 84 3 243 1.8%
Kurzawski 2015 13 271 9 343 126%
Lee 2006 11 349 4 3 7.1%
Li2015 3 159 2 118 29%
Liu 2012 1 75 0 72 0.9%
Murphy 2011 6 141 8 173 81%
Ni 2015 4 292 4 200 4.8%
Tanoomand 2019 5 95 3 97  4.4%
Weiner 2014 18 255 10 271 151%
Wen-Bo 2010 0 357 0 283

Total (95% Cl) 2432 2554 100.0%
Total events 122 73

Test for overall effect. Z= 4.74 (P < 0.00001)

Heterogeneity: Tau®= 0.00; Chi*=9.17, df=11 (P = 0.61); F= 0%

213019, 24.10]
3.62[1.88, 6.99]
2.751.35, 5.59]
0.96 (0.10, 9.39]
1.87 [0.79, 4.44) —
2.58(0.81,8.189] .
1121(0.18, 6.78)

2.92[0.12, 72.84]
0.92(0.31, 2.71)
0.68(0.17, 2.75]
1.74(0.40, 7.50)
1,98 (0.90, 4.38) T—

Not estimable

—

—_—

2.10 [1.55, 2.86] <&

0.01 01 10 100
Favours [case] Favours [control]

Figure 2. Forest Plots of the Studies of MTR A2756G Polymorphism Linked With Male Infertility. (A) Allelic Model G vs. A (B)
Additive Model GG+AA (C) Dominant Model GG+AG vs. AA (D) Recessive Model (GG vs. AG+AA)

Note. Cl = confidence interval.

Table 3. Meta-Analysis Showing Genetic Models of MTR A2756G Polymorphism With Male Infertility

Allelic model Additive model Dominant model Recessive model

Ethnicity N OR (95%Cl) p OR (95%Cl) b OR (95%Cl) p OR (95%Cl) p

Overall 13 1.21]1.03, 1.42] .02*  2.3I[1.38, 3.96] .002* 1.17[0.98, 1.38] .08  2.10[l.55,2.86] <.00001%*

Asians 8 1.21[0.95, I.56] .12 2.14[1.33, 3.45] .002* 1.22[0.93, 1.60] .I5 1.98[1.24, 3.18] .004*

Caucasians 5 1.19[0.96, 1.46] .12 2.96[1.10, 7.96] .03* 1.10[0.91, 1.32] .33  2.14[1.32, 3.47] .002*
Idiopathic male infertility

Overall 7 1.25[0.97, 1.62] .08 2.33[1.59,3.41] <.001* 1.20[0.90, 1.60] .21 2.42[1.64, 3.56] <.00001*

Asians 4 1.12[0.69, 1.82] .65 1.86[0.74, 4.69] .19 1.14[0.66, 1.97] .63 1.76[0.78, 3.96] A7

Caucasians 3 1.41[1.14,1.74] .001* 2.40[1.46, 3.95] .0006* 1.29[0.99, 1.66] .05* 2.80[l.71,4.59] <.000I%*

Note. Cl = confidence interval.

1.06 [0.82—1.37] for the additive model (GG vs. AA),
and 1.40[0.99-1.97] for the recessive model (GG vs.
AG+AA).

Association of MTRR A66G Polymorphism With Male
Infertility in Caucasians. There is no significant associa-
tion identified between MTRR A66G polymorphism
and male infertility in Caucasians. The OR and 95%
CI are presented in Table 4.

Association of MTRR A66G Polymorphism With Idiopathic
Male Infertility. Overall, none of the four genetic models
presented a significant association between the
MTRR A66G polymorphism and the risk of idio-
pathic male infertility, neither in Asians nor in

Caucasians. The ORs and 95% ClIs for each model are
mentioned in Table 4.

In-Silico Expression Analysis

By using GTExportal, a significant decrease in the
expression of MTRR for rs1801394 was observed in
GG as compared to AA in testis (p = 1.97 X 107%)
(Figure 4). The differential expressions of MTR and
MTRR in the different tumors as well as normal tis-
sues are also presented in Figure 5.

Results of Trial Sequential Analysis

For the allelic model of MTR A2756G and MTRR
A66G, the required sample size was 29219 and 30592,
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Table 4. Meta-Analysis Showing Genetic Models of MTRR A66G Polymorphism With Male Infertility

Allelic model

Additive model

Dominant model Recessive model

Ethnicity N OR (95%Cl) p OR (95%Cl) p OR (95%Cl) p OR (95%Cl) p
Overall 15 1.07[0.96, 1.19] .23 1.22[0.97, 1.52] .08 1.07[0.93, 1.24] 35 1.18[0.96, 1.45] 12
Asians 7 1.09[0.88, 1.35] 44 1.37[0.89, 2.13] .15 1.06[0.82, 1.37] .66 1.40[0.99, 1.97] .06
Caucasians 8 1.05[0.94, 1.16] 40 1.10[0.88, 1.37] A4l 1.3170.84, 2.04] 23 1.06[0.83, 1.35] .65

Idiopathic male infertility
Overall 7 1.07[0.87, 1.03] .54 1.16[0.77, 1.76] A7 1.05[0.83, 1.33] .70 1.10[0.73, 1.66] .63
Asians 2 1.23[0.63, 2.42] .55 1.60[0.47, 5.45] A5 1.17[0.56, 2.41] .68 1.56[0.59, 4.13] 37
Caucasians 5 1.00[0.85, 1.18] .98 1.0170.71, 1.42] .98 1.00[0.79, 1.28] .97  0.96[0.63, 1.45] .84

Note. Cl = confidence interval.

respectively, at 80% power, whereas the cumulative
z-curve did not cross the trial sequential monitoring
boundaries (Figures 6 and 7). However, the TSA of
the allelic model of MTR A2756G crossed the conven-
tional Z-score boundaries in favor of control. It shows
that more studies, with larger sample sizes, are
required for MTRR A66G to provide sufficient evi-
dence for confirming the results of the current meta-
analysis.

Discussion

One of the most promising areas of research in the
genetics of male infertility is the complicated process
of spermatogenesis, which results in haploid sperma-
tozoa from mitotic and meiotic divisions of germ cells
(K. Liuet al., 2015). Male infertility has been linked to
abnormal folate metabolism. There is strong experi-
mental support for the idea that certain folate metabo-
lism enzymes are necessary for male infertility. The
major enzymes involved in the folate metabolic path-
ways, essential for DNA methylation and spermato-
genesis, are called folate-related enzymes. By altering
the activity, stability, or concentration of the associ-
ated enzymes, the SNPs of these folate-related enzyme
genes might reduce the absorption of folate or upset
the equilibrium between folate derivatives (S. Q. Ren
et al., 2019. The major enzymes involved in the folate
metabolic pathways, MTR and MTRR, are essential
for DNA methylation (K. Liu et al., 2015).

The previous literature presents a relationship
between cancer and male infertility. Nagirnaja et al.
(2018) identified 25 candidate genes, whereas almost
half of them are associated with a predisposition to
hereditary cancer. MTRR gene polymorphism was
reported to be associated with malignant mesothe-
lioma of testicular tunica vaginalis testis (Kowalik
et al., 2020).

Polymorphisms in folate metabolism genes, that is,
MTR and MTRR, significantly contribute to the risk
of breast cancer in females in Jordan (Sadiq et al.,
2019), and may also increase the risk of cervical cyto-
logical abnormalities (Silva et al., 2022). MTRR
A66G was associated with the risk of developing lung
cancer in the Turkish population, as compared to
MTR A2756 polymorphism (Aksoy-Sagirli et al.,
2017). In the case of prostate cancer, MTR A2756G
was associated with increased susceptibility (Zhang
et al., 2020), whereas MTRR A66G was not reported
to be associated with it (Basir, 2019). MTRR A66G
polymorphism plays a strong genetic role in the pro-
gression of acute myeloid leukemia in the Saudi popu-
lation (Farasani, 2023).

In the current meta-analysis, the results showed a
strong significant association between MTR A2756G
polymorphism and male infertility. The comparison
models of MTR A2756G polymorphism showed p
values < .05 and have been discovered to greatly
enhance the risk of idiopathic male infertility in the
Asian population. However, sub-group analyses on
Caucasians have revealed significant values only for
the additive GG + AA and the recessive model GG vs.
AG+ AA. About other polymorphisms, there is no
significant association found between MTRR A66G
and male infertility. Sub-group analysis was also per-
formed based on ethnicity and in both Asians and
Caucasians, it has been found that there is a lack of
association between this SNP and the risk of idio-
pathic male infertility.

Similar to these results, a meta-analysis reported
that there is a strong link between the MTR A2756G
polymorphism and idiopathic male infertility. A sub-
stantial connection was discovered between the poly-
morphism and idiopathic male infertility in non-
Asians but not in Asian populations, when they con-
ducted a subgroup analysis by ethnicity. For MTRR
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A Case Control Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Balkan 2013 92 216 119 250 56% 0.82[0.57,1.18] =
Farcas 2009 58 130 56 134 3.8% 1.12[0.69, 1.83] S
Gava 2011 130 266 144 346 6.6% 1.34[0.97,1.85] 7=
Kim 2015 37 170 135 492 48% 0.74 [0.49,1.11) S i
Kurzawski 2015 327 568 393 704 95% 1.07 [0.86, 1.34) ==
Lee 2006 342 720 282 650 9.8% 1.18[0.95,1.46) ol
Li 2015 93 324 56 240 53% 1.32[0.90,1.94) S
Ma 2017 84 276 72 204 53% 0.80[0.55,1.18] ==
Mfady 2014 126 300 111 300 6.5% 1.23[0.89,1.71] =
Murphy 2011 132 300 152 360 6.9% 1.08[0.79,1.47) ==
Ni 2015 157 592 119 408 7.7% 0.88 [0.66, 1.186) ==
Raigani 2021 242 508 67 154 57% 1.18[0.82,1.70) o
Ravel 2009 305 504 144 228 6.6% 0.89 [0.65, 1.23] =T
Weiner 2014 300 544 364 648 9.3% 0.96 [0.76, 1.21] =
Xian-Jun 2007 182 330 109 264 6.5% 1.75[1.26, 2.43) ==
Total (95% Cl) 5748 5382 100.0% 1.07 [0.96, 1.19] )
Total events 2607 2323
Heterogeneity: Tau®= 0.02; Chi®= 24.95, df= 14 (P = 0.04); IF= 44% 50 0 051 ;- 150 100’
Test for overall effect: Z=1.21 (P = 0.23) : Fa\}ours [case] Favours [control]

B

Case Control Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Balkan 2013 20 56 29 64  6.4% 0.67[0.32,1.40) ===
Farcas 2009 6 19 i 25  2.5% 1.198(0.32, 4.37) S====———=
Gava 2011 34 7 30 83 7.7% 1.81[0.95, 3.43] =
Kim 2015 4 56 14 139  31% 0.69[0.22,2.18) ===
Kurzawski 2015 94 145 111 181 11.4% 1.16(0.74,1.83] ==
Lee 2006 46 110 28 101 8.9% 1.78[1.01,3.17] [—
Li 2015 14 97 6 76 4.0% 1.97[0.72,5.39] S
Ma 2017 12 78 12 54  4.8% 0.64 [0.26, 1.55) — ==
Mfady 2014 24 72 22 83 7.0% 1.39(0.69, 2.77] =
Murphy 2011 32 82 32 92 81% 1.20 [0.65, 2.22) ===
Ni 2015 19 177 14 113 6.4% 0.85[0.41,1.77] ===
Raigani 2021 44 100 10 30 51% 1.57[0.67,3.70) ==
Ravel 2009 80 107 42 54 59% 0.85[0.39,1.84] ==
Weiner 2014 82 136 97 154 10.9% 0.89[0.56, 1.43] =
Xian-Jun 2007 55 93 22 67 7.5% 2.96[1.54,5.71] ===
Total (95% CI) 1399 1322 100.0% 1.22[0.97,1.52] ®
Total events 566 477
Heterogeneity: Tau®= 0.06; Chi*= 20.52, df=14 (P = 0.11); F=32% =U 01 0?1 ] 150 1005

Test for overall effect: Z=1.73 (P = 0.08)

Favours [case] Favours [control]

Figure 3. (continued)

A66G, there was no conclusive association between
the MTRR A66G polymorphism and idiopathic male
infertility discovered in the overall population; how-
ever, Asians were identified to be more likely than
non-Asians to have the polymorphism (Z. J. Ren
et al, 2019). A meta-analysis conducted in 2016
reported that the mutation MTR A2756G may be
related to a risk of male infertility. The probability of
azoospermia and OAT was raised in MTR A2756G
(Karimian & Colagar, 2016). Another meta-analysis
performed in 2015 reported that for the pathophysiol-
ogy of male infertility, MTR A2756G and MTRR

A66G were viable candidates; however, further case-
control studies were needed to prevent false-positive
results (K. Liuet al., 2015).

According to a case-control study, it has been
revealed that the SNP MTR A2756G was associated
with oligozoospermia and non-obstructive azoosper-
mia (NOA) (Karimian & Colagar, 2016). In 2011, a
study on MTR A2756G reported a significant associa-
tion between the GG genotype and NOA among the
Brazilian population, and no connection was discov-
ered between NOA and SO groups and controls for
the MTRR A66G polymorphism (Gava et al., 2011).
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C Case Control Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Balkan 2013 72 108 90 125 5.4% 0.78[0.44,1.36] ==ezl=
Farcas 2009 52 65 49 67 2.8% 1.47 [0.65, 3.31) == —
Gava 2011 96 133 114 173 6.5% 1.34[0.82, 2.20) T
Kim 2015 33 85 121 246 6.3% 0.66 [0.40, 1.08] ===t
Kurzawski 2015 233 284 282 352 8.8% 1.13[0.76,1.69) =
Lee 2006 296 360 253 325 9.6% 1.32[0.90,1.92) o=
Li 2015 79 162 50 120 6.9% 1.33[0.83,2.14) |
Ma 2017 72 138 60 102 6.1% 0.76 [0.46,1.28]
Mfady 2014 102 150 83 150 7.0% 1.46 [0.91, 2.34) i
Murphy 2011 100 150 120 180 7.3% 1.00[0.63, 1.58) ==
Ni 2015 138 296 105 204 10.3% 0.82[0.58,1.18] ==Te
Raigani 2021 198 254 57 77 4.9% 1.24 [0.69, 2.24) ===
Ravel 2009 225 252 102 114 3.5% 0.98[0.48, 2.01) ==
Weiner 2014 218 272 267 324 8.5% 0.86 [0.57,1.30] =r=
Xian-Jun 2007 127 165 87 132 6.2% 1.73[1.04, 2.88) [
Total (95% CI) 2874 2691 100.0% 1.07 [0.93, 1.24] 4}
Total events 2041 1846
Heterogeneity: Tau®= 0.02; Chi*=18.52, df=14 (P = 0.18); F= 24% lg 0 051 150 100’
Test for overall effect. Z= 0.93 (P = 0.35) : Fa\}ours [case] Favours [control]
D Case Control 0Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Balkan 2013 20 88 29 96 6.4% 0.68[0.35,1.32) i
Farcas 2009 6 59 7 60 2.8% 0.86[0.27,2.72) S
Gava 2011 34 99 30 143 7.5% 1.97 [1.11, 3.51) T
Kim 2015 4 81 14 232 2.8% 0.81 [0.26, 2.53) ]
Kurzawski 2015 94 190 1M1 241 11.1% 1.15[0.78,1.68) i i
Lee 2006 46 314 29 296 8.9% 1.58 [0.96, 2.59) =
Li 2015 14 148 6 114 3.6% 1.88[0.70, 5.06) s
Ma 2017 12 138 12 102 4.6% 0.71 [0.31,1.66) S===r=
Mfady 2014 24 126 22 128 6.7% 1.13[0.60, 2.15) ==
Murphy 2011 32 118 32 148 7.8% 1.35[0.77, 2.37) ==
Ni 2015 19 277 14 190 5.8% 0.93[0.45,1.90) =
Raigani 2021 44 210 10 67 5.4% 1.51[0.71, 3.20) S
Ravel 2008 80 172 42 72 7.9% 0.62([0.36,1.08] ===
Weiner 2014 82 190 97 227 11.0% 1.02[0.69, 1.50) -
Xian-Jun 2007 55 165 22 132 7.8% 2.50[1.43, 4.38) ===
Total (95% CI) 2375 2248 100.0% 1.18 [0.96, 1.45] ®
Total events 566 477
Heterogeneity: Tau®= 0.07; Chi*= 23.63, df= 14 (P = 0.05); F= 41% B 0 0+1 1*0 10&
Test for overall effect: Z=1.54 (P=0.12) ’ Fav'ours [case] Favours [control]
Figure 3. Forest Plots of the Studies of MTRR A66G Polymorphism Linked With Male Infertility. (A) Allelic Model G vs. A (B)
Additive Model GG+AA (C) Dominant Model GG+AG vs. AA (D) Recessive Model (GG vs. AG+AA)
Note. Cl = confidence interval.
MTR 2756A > G polymorphism was not linked with ~ that the MTRR A66G mutation significantly

male infertility according to the Korean (Lee et al.,
2006), Russian (Weiner et al., 2014), as well as
Swedish studies (Murphy et al., 2011). These findings
were also supported by the case-control study con-
ducted by Kurzawski et al., 2015 which revealed no
link between Polish male infertility and the MTR
2756A > G polymorphism. However, the MTR
2756GG genotype was linked to a higher incidence of
azoospermia in the Korean research by Lee et al.
(20006). It was originally noted in a case-control study

increased the risk of male infertility in an Asian com-
munity and that was not identified to be associated
with non-Asians (Lee et al., 2006). According to the
current meta-analysis, similar results were reported by
a case-control study in Turkey. The MTRR A66G
genotype frequencies of patients and controls did not
differ from one another. The MTRR A66G poly-
morphism allele frequencies of patients and controls
reported no statistically significant difference (Balkan
et al., 2013). Farcas et al. (2009) mentioned that the
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Figure 4. Graph Presenting Significant Influence of A66G
(rs1801394) Polymorphism on the Expression of MTRR Gene
in Testis

Note. ACC = adrenocortical carcinoma; BLCA = bladder urothelial
carcinoma; BRCA = breast invasive carcinoma; CESC = cervical
squamous cell carcinoma and endocervical adenocarcinoma; CHOL =
cholangio carcinoma; COAD = colon adenocarcinoma; DLBC =
lymphoid neoplasm diffuse large B-cell ymphoma; ESCA = esophageal
carcinoma; GBM = glioblastoma multiforme; HNSC = head and neck
squamous cell carcinoma; KICH = kidney chromophobe; KIRC =
kidney renal clear cell carcinoma; KIRP = kidney renal papillary cell
carcinoma; LAML = acute myeloid leukemia; LGG = brain lower grade
glioma; LIHC = liver hepatocellular carcinoma; LUAD = lung
adenocarcinoma; LUSC = lung squamous cell carcinoma; MESO =
mesothelioma; OV = ovarian serous cystadenocarcinoma; PAAD =
pancreatic adenocarcinoma; PCPG = pheochromocytoma and
paraganglioma; PRAD = prostate adenocarcinoma; READ = rectum
adenocarcinoma; SARC = sarcoma; SKCM = skin cutaneous melanoma;
STAD = stomach adenocarcinoma; TGCT = testicular germ cell
tumors; THCA = thyroid carcinoma; THYM = thymoma; UCEC =
uterine corpus endometrial carcinoma; UCS = uterine carcinosarcoma;
UVM = uveal melanoma.

p-values obtained were above .05, while the OR indi-
cates that these two polymorphisms were not the risk
factors for male infertility. No significant association
was identified between both these polymorphisms and
male infertility (Kim et al., 2015). Regarding MTRR
A66G polymorphism, the results of Mfady et al.
(2014) reported a lack of its association with the risk
of male infertility, which is in agreement with other
reports that stated such absence of association in the
Romanian (Farcas et al., 2009), French (Ravel et al.,
2009) and Brazilian (Gava et al., 2011) populations.
Possibly the limited number of participants who had
the MTRR 66GG genotype contributed to the lack of
relationship between the MTRR A66G variation and
male infertility seen in the current study. The investi-
gated polymorphisms may also interact strongly with
dietary/environmental variables (such as folate sta-
tus), as well as with racial and genetic factors.
Although this investigation produced generally
strong statistical evidence, several shortcomings need
to be addressed. Geographical variations and racial
and ethnic differences in the distribution of poly-
morphisms in the MTRR gene might have caused dis-
crepancies across the research. Only 19 case-control
studies are included in this meta-analysis, thus the
sample size was small. Further research on the poten-
tial association of MTR A2756G and MTRR A66G
polymorphism with male infertility risk requires high-
quality studies with bigger sample numbers. Also, the
studies in this meta-analysis were based on Asians and
Caucasians. A wide range of diseases, including azoos-
permia, oligozoospermia, and teratozoospermia,
among others, are included in the idea of male inferti-
lity. Male infertility is a multifactorial illness brought on
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Figure 5. Gene Expression Profile (A) MTR; (B) MTRR) Across Various Tumor Samples (Red Peaks) and Paired Normal Tissues
(Green Peaks). The Red Labeled Tumor Types Presents Over-Expression, Green Presents Under-Expression and Black Presents no
Change in the Respective Gene Expression as Compared to Normal Tissue
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Figure 6. Trial Sequential Analysis (5% Type-I Error & 80% Power) for MTR A2756G Polymorphism for the Allelic Model

Note. MTR = methionine synthase.
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Figure 7. Trial Sequential Analysis (5% Type-| Error & 80% Power) for MTRR A66G Polymorphism for the Allelic Model

Note. MTTR = methionine synthase reductase.

by intricate interactions between a variety of genetic
and environmental variables. As a result, a more thor-
ough subgroup analysis and examination of the cumu-
lative impact of the many SNPs are needed. There
should be more research on A2756G, A66G, and
African people as there was no African study.

Conclusion

In conclusion, the current meta-analysis shows that
the polymorphisms MTR A2756G and MTRR A66G
may add to a gene’s vulnerability to male infertility
risk. To support the conclusions presented here, large-
scale, well-planned, population-based investigations
are required.
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