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Abstract

An elevated level of homocysteine is a risk factor for vascular diseases, brain atrophy and several other disorders. The
1298 A>C polymorphism (rs1801131) leads to mildly decreased MTHFR activity. Previously, it was observed that the M THFR
1298 A>C polymorphism in combined analysis with the MTHFR 677C>T polymorphism increases homocysteine levels.
However, conflicting results on its relation to ischaemic stroke in children can be found. We conducted a meta-analysis to
analyse possible connections between the MTHFR 1298 A>C polymorphism and ischaemic stroke in paediatric patients. We
identified available data published before December 2016 using appropriate keywords and searching PubMed as well as the
references cited in the found articles. Eight case—control studies were included in the meta-analysis (426 children with stroke
and 778 controls). Statistical analyses were made using R and Comprehensive Meta-Analysis softwares to investigate the
impact of polymorphism in four models: dominant, recessive, additive and allelic. No publication bias was observed in the
meta-analysis. We demonstrated no relationship between the 1298 A>C polymorphism and ischaemic stroke in children in
the case of recessive, additive and allelic models. However, the results of the dominant model analysis should be treated with
caution due to the sensitivity analysis results. After omitting one of the included study, we observed a significant association
between the carriers of the MTHFR C allele (cases with AC 4+ CC genotypes) and ischaemic stroke in children (OR 1.35
95% CI 1.02-1.79, p = 0.035 in a fixed effects model). In conclusion, the 1298 A>C polymorphism in the MTHFR gene is
not a risk factor for ischaemic stroke in paediatric patients.
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Introduction

Neurologic consequences of arterial ischaemic stroke (ALS)
in children or young adults, especially under 45 years of
age, are devastating. The most prevalent stroke outcomes
are: motor impairment (hemiparesis is observed most
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commonly), speech impairment, intellectual delay, seizures
and death [1, 2]. The problem of these deficits is noteworthy
due to their effect on the daily activity of patients. However,
it is not possible to find the aetiology of AIS in one-third of
young cases under the age of 40 [3]. In children from Saudi
Arabia, the aetiological factor of AIS was undetermined in
65% of cases [4].

It is observed that the level of homocysteine (HCys)
plays an important role in the functioning of endothelial
cells. An elevated level of HCys is a risk factor for vas-
cular diseases, brain atrophy as well as pregnancy com-
plications, migraine or neuropsychiatric disorders [5—8].
Several common polymorphisms in the genes encoding
enzymes involved in homocysteine metabolism are sug-
gested to be associated with the development of AIS, both
in adults and children. The gene encoding methylenetet-
rahydrofolate reductase, located in 1p36.22, is the most
studied. The 677C>T polymorphism in the MTHFR gene
leads to the decreased activity of the enzyme and elevated
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HCys levels [9]. On the other hand, the 1298 A>C pol-
ymorphism (rs1801131) results in mildly decreased
MTHEFR activity [10].

A previous meta-analysis of available data [11] con-
firmed the association between the carrier state of the
677T allele in the MTHFR gene and AIS in children.
However, the role of another common MTHFR polymor-
phism, 1298A>C in paediatric stroke, is still uncertain.
Conflicting results of the studies on the relationship
between the 1298 A>C polymorphism and AIS, both in
children and adults, can be found [12-17]. Previously, it
was observed that the MTHFR 1298 A>C polymorphism
in combined analysis with the 677C>T polymorphism
increased homocysteine levels as well as lowered plasma
folate levels [18]. However, some studies do not confirm
such a relationship [19]. In addition, studies on paediat-
ric cases with AIS are performed on small numbers of
patients due to the rarity of AIS in this age group and
patients are mostly recruited from one medical centre,
which may influence the power of results.

The present study aimed to analyse possible connec-
tions between the MTHFR 1298 A>C polymorphism and
AIS in paediatric patients using a meta-analysis of avail-
able data addressing this association in children.

Methods

We identified available data published before December
2016 on the relationship between the 1298 A>C polymor-
phism in the MTHFR gene and AIS in children and adoles-
cents. Two of the authors searched PubMed twice. The refer-
ences cited in the found articles were also searched in order
to find other published articles on the topic. The language of
publication was limited to English. We used the following
keywords: “MTHFR polymorphism” or “1298 A>C poly-
morphism”, “arterial ischemic stroke” or “ischemic stroke”
or “cerebral infarct”, “paediatric” or “children”. We adopted
the following inclusion criteria for the present meta-analysis:
(a) case—control study, (b) children (including neonates and
adolescents) as the study population, (c) AIS confirmed by
magnetic resonance imaging or computed tomography and
(d) article in English. The exclusion criteria were as fol-
lows: (a) lack of genotype or allele frequencies, (b) study
designed as not a case—control study (conference proceed-
ings, review articles, case reports, meta-analyses or animal
studies), (c) outcome definition other than AIS, (d) patient
groups overlapped in previous publications (when several
articles of the same author were available, we included only
the most recent one or the article with the largest number of
cases). The searching process is shown in Fig. 1.

Studies identified through
PubMed
(n=>54)

Studies identified through other sources
including references
(n=232)

A 4 A 4

Total number of studies relevant to the topic
(n=286)

N Studies excluded due to:
- duplication (n = 24)

A 4

- language other than English (n=3)

- reviews, case reports, meta-analyses (n = 10)
- patients overlap or lack of data (n = 3)

- other diseases (n =4)

- studies performed on adults (n =7)

Full-text articles assessed
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(n=235)
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criteria and qualitative synthesis

Fig. 1 Flow chart showing process of searching for the articles
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Finally, eight case—control studies were included in the
meta-analysis with a total number of 426 paediatric patients
with AIS and 778 control subjects [12—14, 20-24].

Data extraction

Two independent authors extracted the following informa-
tion from each study according to the inclusion criteria: first
author’s name, year of publication, population, genotype dis-
tribution, sample sizes, age of cases and control subjects and
genotyping method. Additionally, Hardy—Weinberg equilib-
rium (HWE) was calculated according to the frequency of
genotypes in controls for each study.

Methodological quality

Two of the authors assessed independently the methodo-
logical quality of the included studies using the Newcas-
tle—Ottawa scale (NOS) for case—control studies [25]. The
following three components of each study were analysed:
selection (Is the case definition adequate?; Representative-
ness of the cases; Selection of Controls; Definition of Con-
trols), comparability (Comparability of cases and controls on
the basis of the design or analysis) and outcome assessment
(Ascertainment of exposure; Same method of ascertainment
for cases and controls; Non-Response rate). Quality scores
ranged from O to 9. The articles which obtained 5 stars or
more were considered as high-quality studies, the others as
low-quality studies. For these methodological low-quality
reports, we adopted the suggestion of Minelli et al. [26] not
to exclude studies that deviated from Hardy—Weinberg equi-
librium when no other grounds for doubting the quality of
the study were present. Thus we checked the low-quality
studies according to the NOS scale for HWE and performed
sensitivity analysis by deleting a particular study and review-
ing the power of pooled odds ratio (OR). When the pooled
OR was stable, we did not ultimately exclude the study from
the meta-analysis.

Statistical analyses

Statistical analyses were performed using R software (ver-
sion 3.3.1 with “meta” package, version 4.5-0; The R Foun-
dation for Statistical Computing Platform) and CMA soft-
ware (version 3.3.070, NIH, USA). The pooled OR with the
95% confidence interval (CI) was calculated to determine the
strength of association between the genetic polymorphism
and AIS.

We used the random effects method (DerSimonian—Laird)
in the case of significant heterogeneity or the fixed effects
method (Mantel-Haenszel) in other cases to calculate the
pooled OR with the 95% CI. The assessment of heteroge-
neity was based on the results of studies. We analysed the

association between the MTHFR 1298 A>C polymorphism
in AIS in four models: dominant (AC + CC vs. AA), reces-
sive (CC vs. AA + AC), additive (CC vs. AA) and allelic (C
allele vs. A allele).

Publication bias was analysed using the Egger’s regres-
sion asymmetry test. The p value below 0.05 was considered
statistically significant. The data were put into the statistical
software independently by two authors, and the obtained
results were the same. Thus, we are sure that the performed
statistical analysis was adequate and reliable.

Results
Study characteristics

Characteristics of the eight included studies are shown in
Table 1. All genotype frequencies in control subjects from
the included studies were in agreement with HWE. Cau-
casians were the most common race. In order to genotype
the MTHFR 1298 A>C polymorphism, PCR-RFLP analy-
sis was used in four of the studies [12, 13, 20, 21], CVD
StripAssays in two studies [14, 22] and Tagman PCR in
one study [23]. The genotyping method was not specified in
one of the studies [24]. The largest groups of AIS patients
were recruited by Balcerzyk et al. [12], Herak et al. [14] and
Komitopoulou et al. [22], whereas the fewest patients were
recruited by Gelfand et al. [23] and Morita et al. [24]. The
largest group of control subjects was analysed in the study
by Sirachainan et al. [21] and the lowest one in the study by
Biswas et al. [13].

1298A>C polymorphism and childhood stroke
in the dominant model

We analysed the effect of its association with AIS in four
models: dominant, recessive, additive and allelic. As for the
dominant model (AC + CC vs. AA), we observed significant
heterogeneity between the studies (I = 62.64%, p = 0.009).
Therefore, the random effects model was used to analyse
this combination (p = 0.395, OR 1.21 95% CI 0.78-1.89)
(Fig. 2a). For the analysed dominant model, the Egger’s test
did not reveal the presence of publication bias (R = 2.23, p
(two tailed) = 0.907) (Fig. 3a).

1298A>C polymorphism and childhood stroke
in the recessive model

In the recessive model (CC vs. AC + AA), we observed no
significant heterogeneity between the studies (/> = 13.93%,
p = 0.321). Therefore, the fixed effects model was used
to analyse this combination (p = 0.777, OR 1.06 95% CI
0.69-1.63) (Fig. 2b). For the analysed recessive model, the
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Egger’s test did not reveal the presence of publication bias
(R =1.07, p (two tailed) = 0.299) (Fig. 3b).

1298A>C polymorphism and childhood stroke
in the additive model

When analysing the additive model (CC vs. AA), no signifi-
cant heterogeneity between the studies was also observed
(I2 =35.33%, p = 0.146). In this case, the fixed effects model
was again used for analysis (p = 0.552, OR 1.14 95% CI
0.74-1.77) (Fig. 2c). In the case of the additive model, the
Egger’s test did also not reveal the presence of publication
bias (R = 1.29, p (two tailed) = 0.392) (Fig. 3c).

1298A>C polymorphism and childhood stroke
in the allelic model

In the allelic model (C allele vs. A allele), significant het-
erogeneity between the studies was observed (> = 73.91%,
p < 0.001), so the random effects model was used for calcu-
lating the pooled OR (p = 0.593, OR 1.12 95% CI 0.74-1.68)
(Fig. 2d). There was again no publication bias calculated in
the Egger’s test (R = 2.46, p (two tailed) = 0.730) (Fig. 3d).
In addition, we also made a heterozygote comparison (AC
vs. AA), but no relationship with AIS was observed.

Sensitivity analysis

Sensitivity analysis, by sequential exclusion of each study,
was included in the meta-analysis to assess the stability of
the results. We found no change in the OR value in the case
of the recessive, additive and allelic models. However, in
the dominant model after omitting the study of Balcerzyk
et al. [12], we observed a significant association between
the carriers of the MTHFR C allele (cases with AC + CC
genotypes) and AIS in children (OR 1.3595% CI 1.02-1.79,
p = 0.035 in the fixed effects model).

Discussion

The 1298 A>C polymorphism in the MTHFR gene leads to
a glutamate to alanine substitution within the C-terminal
regulatory domain of the MTHF reductase and to reduced
enzyme activity. In turn, the 677C>T polymorphism con-
cerns the regions encoding the N-terminal catalytic domain
of the protein, which corresponds to a greater reduction in
the enzyme activity [10]. Data of Castro et al. [27] showed
that the 1298CC as well as 677TT homozygotes might be
potential risk factors for disease states associated with DNA
hypomethylation status. Reduced MTHEFR activity is related
to an increased level of homocysteine which may affect the

reduction in DNA methylation and hence be the real cause
of cardiovascular diseases [28].

Our meta-analysis, based on a sizeable group of children
suffering from AIS and healthy age-matched controls, dem-
onstrated that the 1298 A>C polymorphism in the MTHFR
gene is not related to paediatric ischaemic stroke in the fol-
lowing models: recessive, additive and allelic. The analy-
sis performed on the dominant model also showed lack of
association, but we observed some instability of the results
during the sensitivity analysis, and thus the data must be
treated with some caution. An earlier meta-analysis includ-
ing 2361 adult patients with AIS demonstrated that the
1298 A>C polymorphism is related to the disease and the
strongest association was observed in the case of the additive
model [29]. With regard to ethnicity, the authors found an
especially strong association in Asians. Similarly, the meta-
analysis by Lv et al. [30] showed the strongest relationship
between the 1298 A>C polymorphism and AIS in the case of
the additive model when the Asian subgroup was analysed.
However, the authors analysed studies in paediatric and adult
patients jointly.

During the searching process, we also took into consid-
eration a study performed in 33 paediatric patients with
AIS from Canada, in which the authors found an associa-
tion between the 1298 A>C polymorphism and stroke [31].
However, we have some doubts about the genotype distribu-
tion calculated according to the frequencies presented in the
paper, so finally this study was excluded. In another study
analysing the MTHFR 1298 A>C polymorphism in AIS in
the group of paediatric patients from the USA, no genotype
distribution of the 1298 A>C polymorphism was found [32].
We contacted the authors and got some lacking information
about this distribution in the case of AIS patients but not in
controls. Thus, this study was also excluded from the final
analysis.

Available data indicate that AIS is more common in
boys [33]. There are some data showing that the 677C>T
polymorphism in the MTHFR gene may be related to an
especially high risk of AIS in boys in Polish population in
comparison with girls [34]. In contrast, higher, although
not significant, prevalence of the 677T allele was observed
in girls with migraine (with aura or without aura) when
compared to boys [35]. Unfortunately, none of the studies
included to the present meta-analysis show full data of geno-
type distribution; thus, we were not able to analyse sex sub-
groups to observe whether a similar relationship concerns
the 1298 A>C polymorphism. The study by Herak et al. [14]
showed no relationship between the MTHFR 1298A>C
polymorphism and AIS when considered alone. However,
some specific combinations of MTHFR 1298 genotypes with
the Factor V Leiden, MTHFR 677C>T polymorphism and
FV HR2 polymorphism were observed. The authors noticed
that the presence of the 1298AC genotype in the carriers of

@ Springer



342

Clinical and Experimental Medicine (2018) 18:337-345

(Al

Experimental Control Odds Ratio
Study Events Total Events Total . OR 95%-Cl W(fixed) W(random)
Balcerzyk et al. (2015) 37 88 58 111 0.66 [0.38;1.17] 26.1% 15.8%
Biswas et al. (2009) 20 58 8 58 — 3.29 [1.31;8.27] 4.6% 11.1%
Akar et al. (2001) 33 46 37 68 2.13 [0.96; 4.73] 7.4% 12.6%
Sirachainan et al. (2008) 22 44 82 164 —— 1.00 [0.51;1.95] 15.2% 14.4%
Komitopoulou et al. (2006) 54 89 53 103 1.46 [0.82;2.59] 17.0% 15.7%
Herak et al. (2016) 39 73 48 100 —TE— 1.24 [0.68;2.27] 16.6% 15.3%
Gelfand et al. (2013) 9 13 45 84 1.95 [0.56; 6.83] 3.3% 7.9%
Morita et al. (2009) 3 15 49 90 —F— 0.21 [0.06; 0.79] 9.8% 7.3%
Fixed effect model 426 778 q‘> 1.17 [0.91; 1.50] 100% -
Random effects model - 1.21 [0.78; 1.89] -- 100%
Heterogeneity: I-squared=62.6%, tau-squared=0.2404, p=0.0090 t
T T 1 1
0.1 051 2 10
Experimental Control Odds Ratio
Study Events Total Events Total OR 95%-Cl W(fixed) W(random)
Balcerzyk et al. (2015) 7 88 11 1M1 —a 0.79 [0.29; 2.12] 22.0% 20.0%
Biswas et al. (2009) 6 58 0 58 +——— 14.49 [0.80; 263.39] 1.1% 2.9%
Akar et al. (2001) 6 46 5 68 I 1.89 [0.54; 6.60] 8.6% 13.7%
Sirachainan et al. (2008) 3 44 13 164 —5— 0.85 [0.23; 3.12] 12.6% 12.8%
Komitopoulou et al. (2006) 9 89 13 103 — 0.78 [0.32; 1.92] 26.6% 23.1%
Herak et al. (2016) 6 73 9 100 —a— 0.91 [0.31; 267] 17.1% 17.5%
Gelfand et al. (2013) 2 13 4 84 T 3.64 [0.59; 22.23] 2.2% 7.1%
Morita et al. (2009) 0 15 13 90 ——F——— 0.19 [0.01; 3.28] 9.6% 3.0%
Fixed effect model 426 778 1.06 [0.69; 1.63] 100% -
Random effects model 1.06 [0.64; 1.76] - 100%
Heterogeneity: I-squared=13.9%, tau-squared=0.0733, p=0.3210
I T I T 1
0.01 0.1 1 10 100
Experimental Control Odds Ratio
Study Events Total Events Total OR 95%-Cl W(fixed) W(random)
Balcerzyk et al. (2015) 7 58 11 64 —=h 0.66 [0.24; 1.84] 24.9% 18.9%
Biswas et al. (2009) 6 44 0 50 17.05 [0.93; 312.03] 1.1% 4.1%
Akar et al. (2001) 6 19 5 36 2.86 [0.74; 11.06] 6.4% 13.7%
Sirachainan et al. (2008) 3 25 13 95 —— 0.86 [0.23; 3.29] 12.9% 13.9%
Komitopoulou et al. (2006) 9 44 13 63 — 0.99 [0.38; 2.57] 23.0% 20.2%
Herak et al. (2016) 6 40 9 61 —s— 1.02 [0.33; 3.12] 16.4% 17.1%
Gelfand et al. (2013) 2 6 4 43 4.88 [0.67; 35.48] 1.8% 7.9%
Morita et al. (2009) 0 12 13 54 0.12 [0.01; 2.22] 13.4% 4.2%
Fixed effect model 248 466 . 1.14 [0.74; 1.77] 100% -
Random effects model - 1.22 [0.65; 2.29] - 100%
Heterogeneity: I-squared=35.3%, tau-squared=0.2712, p=0.1464 H
f T I T 1
0.01 0.1 1 10 100
@ Experimental Control Odds Ratio
Study Events Total Events Total . OR 95%-Cl W(fixed) W(random)
Balcerzyk et al. (2015) 44 176 69 222 —~—~ 0.74 [0.47;1.15] 22.3% 15.0%
Biswas et al. (2009) 28 116 8 116 i ———  4.30 [1.86;9.90] 3.0% 10.3%
Akar et al. (2001) 39 92 42 136 '~—-°— 1.65 [0.95; 2.86] 9.5% 13.7%
Sirachainan et al. (2008) 25 88 95 328 —a— 0.97 [0.58;1.64] 14.0% 14.0%
Komitopoulou et al. (2006) 63 178 63 206 N 1.24 [0.81;1.91] 18.4% 15.2%
Herak et al. (2016) 45 146 75 200 = 0.74 [0.47;1.17] 21.3% 14.9%
Gelfand et al. (2013) 11 26 49 168 —~—°— 1.78 [0.76; 4.15] 3.7% 10.2%
Morita et al. (2009) 3 30 62 180 —=+— |i 0.21 [0.06;0.72] 7.8% 6.8%
Fixed effect model 852 1556 1.05 [0.87; 1.28] 100% -
Random effects model .: 1.12 [0.74; 1.68] - 100%
Heterogeneity: I-squared=73.9%, tau-squared=0.2377, p=0.0004 :i
[ T ! T 1
0.1 05 1 2 10

@ Springer



Clinical and Experimental Medicine (2018) 18:337-345

343

«Fig.2 Forest plots of association between the 1298A>C polymor-
phism and arterial ischaemic stroke in children in four statistical mod-
els: dominant (a), recessive (b), additive (c¢) and allelic (d)

Factor V Leiden mutation extremely increased the risk of
perinatal stroke (OR 16.5) [14]. This finding supports the
assumption that the association analysis of a single gene in
a particular disease is insufficient. Several polymorphisms
with specific gene—gene interactions should be analysed in
case—control studies to draw meaningful conclusions. How-
ever, most case—control studies focus on the analysis of a
single genetic polymorphism. Thus, in a meta-analysis it
is not possible to perform analyses of specific interactions
between genes, since it would require very precise data from
each included study. It is also very important to know the
other coexisting factors (clinical, biochemical and environ-
mental) which may increase the impact of genes on the dis-
ease aetiology. Many researchers have raised the issue that
the association between two or more genetic risk factors or
the association between genes and clinical risk factors may
have greater impact on paediatric stroke than a single genetic
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polymorphism [36, 37]. Previously, in the study by Lanthier
et al. [38], children with AIS and multiple risk factors were
at greater risk of recurrent stroke than children with one
risk factor. One of the studies included in the meta-analysis
analysed the transmission of the 1298C allele from parents
to affected children [12]. This issue is important since young
adults with parental history of coronary heart disease (CHD)
are more at risk of cerebrovascular diseases compared to
controls without parental history of CHD [39].

The study by Giusti et al. [40] was conducted on a large
population of adults with AIS (n = 501) and control sub-
jects (n = 1211) and analysed 58 polymorphisms in 17 genes
involved in the metabolism of methionine. The association
of a single polymorphism with AIS as well as the associa-
tion between haplotypes and AIS and possible effects of a
haplotype combination between the genes were studied. The
authors observed that the 677C>T and 1298 A>C polymor-
phisms in the MTHFR gene analysed separately have no
impact on the risk of ischaemic stroke in the analysed group
of adults, whereas the 677C>T polymorphism was signifi-
cantly related to increased levels of homocysteine. There

B 0,0

05 8,
- fe) o
(=]
=

[

w0
T
£
(=]
T
c
S 15 o o
)

2,0 .

3 2 -1 0 1 2 3
Log odds ratio

D 0.0

0.2 A o
S 2 o
S
w

04
Fd o ©
<
T
c
s
& 06 5

08

20 45 10 05 00 05 10 15 20
Log odds ratio

Fig.3 Funnel plots of the 1298A>C polymorphism in the MTHFR gene in the studies included in the present meta-analysis. a dominant model;

b recessive model; ¢ additive model; and d allelic model
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were also no associations between the MTHFR haplotypes
and stroke [40].

We are aware of some limitations of the present meta-
analysis. First of all, there is no homocysteine level analysis
since previously it was hypothesized that the presence of
MTHFR polymorphisms without elevated levels of homo-
cysteine had no influence on paediatric stroke [41]. Second,
there is great variation in the number of recruited paediatric
patients in each study (from several patients to a few dozen).
A small number of examined patients in a single study is
due to the rarity of AIS (the prevalence of AIS in children is
estimated at about three cases per year per 100 000 children).
Moreover, there is probably some selection bias between the
studies since the recruited patients were of different ethnic
origin and with possible genetic differences.

Analysis of homocysteine levels in correlation with the
MTHFR 1298A>C polymorphism would give some impor-
tant results since it has been proven that hyperhomocysteine-
mia is an established risk factor for premature cardiovascular
diseases caused by endothelial dysfunction [42]. Homocyst-
eine levels can be reduced from 25 to 30% using folic acid,
and supplementation with vitamin B12 provides an addi-
tional 7% reduction [43]. Arpino et al. [44] suggested that
early folate supplementation before and during pregnancy
could reduce the risk of brain damage due to foetal/perinatal
stroke. For practical reasons, establishing homocysteine lev-
els in paediatric patients with the 1298 A>C polymorphism
and administration of folic acid and cobalamin could also
prevent some cardiovascular events in the future [45].

In conclusion, the 1298A>C polymorphism in the
MTHFR gene is not related to paediatric arterial ischaemic
stroke.
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