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Abstract: Methylenetetrahydrofolate reductase (MTHFR) deficiency is the most common genetic cause of

hyperhomocysteinemia, which has been implicated in the etiology of recurrent spontaneous abortion (RSA). This

study was designed to investigate the association between two single nucleotide polymorphisms (SNP) (rs1801133

[C677T] and rs1801131 [A1298C]) in the MTHFR gene and RSA, in Saudis. These two SNPs were selected as these

polymorphisms have a different effect on the activity and stability of the enzyme, and significantly diverse effects have

been reported in relation to the association with RSA. Ethical approval was acquired from the IRB at King Saud

University (KKUH), Saudi Arabia, and written informed consent was obtained from each participant. The study

group comprised of 100 Saudi women with unexplained RSA and 100 age-matched controls, both attending KKUH

for a routine checkup. Blood was drawn in EDTA tubes, and DNA was extracted. Genotyping was conducted using

TaqMan SNP genotyping assay kits. The frequency of the T allele of C677T was 0.165 in patients and 0.17 in

controls. Genotype frequencies for CC, CT and TT genotypes were 70%, 27% and 3%, respectively in RSA, and 71%,

24% and 5%, respectively, in the controls (p > 0.05). For the A1298C polymorphism, the C allele frequencies were

0.345 in patients and 0.28 in controls, while genotype frequencies for AA, AC and CC genotypes were 44%, 43%, and

13%, respectively, in patients, and 54%, 36%, and 10%, respectively, in controls (p > 0.05). The frequency of CC

genotype and C allele of A1298C were higher in the patients with RSA, but not significantly, while C677T genotypes

and allele frequencies did not differ between patients and controls. The results suggested that MTHFR gene

polymorphisms are population-specific and may not associate with RSA in Saudi women.

Introduction

Approximately 15% of all clinically recognized pregnancies
result in a spontaneous loss (Meka and Reddy, 2006), and
this can be physically, emotionally, and financially taxing for
the couples. Recurrent spontaneous abortion (RSA) is
historically defined as three consecutive pregnancy losses
before 20 weeks of gestation (Reiss, 1998). According to the
WHO reports, there are an estimated 40–50 million

abortions every year in the world (http://www.worldometers.
info/abortions/), and this corresponds to approximately
125,000 abortions per day.

Recurrent spontaneous abortion (RSA) is a multifactorial
disorder, and both genetic and environmental factors are
implicated in its etiology. These include uterine or anatomic
anomalies, infections, and endocrine, genetic, immunologic,
and thrombophilic abnormalities (Kaur and Gupta, 2016).
Environmental influences, such as consumption of alcohol,
caffeine, or cocaine, as well as cigarette smoking, have been
reported to contribute to sporadic miscarriages. However,
accurate data on toxic doses or exposure are difficult to*Address correspondence to: Arjumand Warsy, aswarsy@gmail.com
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obtain (Forray, 2016). In addition, 25–40% of RSA are of
unknown etiology (von Steinburg and Schneider, 2009).

One of the factors implicated in RSA development is
abnormal folate metabolism (Ray and Laskin, 1999). Folate,
a member of the vitamin B complex group, plays an
essential role in the synthesis of deoxyribonucleic acid
(DNA) and the maintenance of methylation reactions in the
cells. Anomalies in folate metabolism influence both these
reactions and have been implicated in the development of
several diseases, including developmental defects (Nazki
et al., 2014). Methylenetetrahydrofolate reductase (MTHFR)
is a pivotal enzyme within the folate methionine pathway. It
is responsible for the conversion of 5,10-methylene-THF to
5-methyl-THF, the main circulating form of folate that
donates a methyl group to homocysteine (Hcy) and re-
methylates it into methionine (Nazki et al., 2014).

Methylenetetrahydrofolate reductase (MTHFR) is a
pivotal enzyme within the folate methionine pathway. It is
responsible for the conversion of 5,10- methylene-THF to 5-
methyl-THF, the main circulating form of folate that
donates a methyl group to homocysteine (Hcy) and re-
methylates it into methionine (Nazki et al., 2014).

Homocysteine is methylated, and forms S-adenosyl
methionine (SAM), which plays a vital role as a methyl
donor required for the maintenance of genomic methylation
patterns that determine gene expression, DNA
conformation, and is necessary for the synthesis of myelin,
neurotransmitters, and membrane phospholipids. Folate
deficiency reduces SAM levels resulting in lower DNA
cytosine methylation and elevated levels of Hcy.

Several factors influence MTHFR activity. These include
variations within the gene sequence that alter the affinity of
the enzyme for either substrate or its cofactor, flavin
adenine dinucleotide (FAD) (Frosst et al., 1995; Marini et
al., 2008). Under conditions of reduced MTHFR activity, 5,
0-methylenetetrahydrofolate concentration increases with a
resultant subsequent lowering of 5-methyltetrahydrofolate
concentration, which leads to hyperhomocysteinemia
and low folate level in the plasma. Homocysteine has a
cytotoxic effect, induces apoptosis of trophoblasts, and
reduces the secretion of the human chorionic gonadotropin
(Di-Simone et al., 2003).

Many polymorphisms within the MTHFR gene have
been reported in the literature; however, very few have
conclusive results due to the disease and population
dynamics. The two most widely studied of these are the
common C677T and A1298C single nucleotide
polymorphisms (SNP) (Frosst et al., 1995; Hubacek et al.,
2015). These polymorphisms (C677T [rs1801133] and
A1298C [rs1801131]) in the MTHFR gene result in enzyme
thermolability and decrease its activity by up to 40% (Nursal
et al., 2018).

Several studies have shown a close association between
the C677T and A1298C and the development of RSA
(Hubacek et al., 2015; Poursadegh-Zonouzi et al., 2012;
Kamali et al., 2018; Behjati et al., 2006; Parveen et al., 2013;
Farahmand et al., 2016; El Achi et al., 2018; Al-Achkar
et al., 2017; Sah et al., 2018; Chatzidimitriou et al., 2017).
However, others have failed to do so (Dell’Edera et al., 2018;
Dissanayake et al., 2012; Settin et al., 2011; Hwang et al., 2017;

Gonçalves et al., 2016; López-Jiménez et al., 2016; Rai,
2014). There appear to be substantial population differences
in this association, where among the Iranians, Indians,
Caucasians, Lebanese, Syrians, and Greeks, a significant
association has been demonstrated (Hubacek et al., 2015;
Poursadegh-Zonouzi et al., 2012; Kamali et al., 2018; Behjati
et al., 2006; Parveen et al., 2013; Farahmand et al., 2016;
El Achi et al., 2018; Al-Achkar et al., 2017; Sah et al., 2018;
Chatzidimitriou et al., 2017), while in Mexicans, Brazilians,
Sinhalese, Koreans, Roman, Spanish, Italians, and Egyptians
(Dell’Edera et al., 2018; Dissanayake et al., 2012; Settin
et al., 2011; Hwang et al., 2017; Dell’Edera et al., 2018;
Gonçalves et al., 2016; López-Jiménez et al., 2016; Rai,
2014). No significant association was reported. This
augmented our interest to investigate, the role of these two
polymorphisms in RSA development among the Saudis. To
the best of our knowledge only one study from Jeddah,
Saudi Arabia, has investigated the prevalence of C677T
polymorphism in recurrent miscarriage but has not
documented the frequencies of the CC, CT, and TT
genotypes in the patients. The authors only refer to
homozygous and heterozygous as occurring at a frequency
of 23.75% and 1.75%, respectively, and there is no
indication of which homozygosity they mean (Turki et al.,
2016). In their study, they have not included healthy
controls to compare the frequencies. Furthermore, no study
has so far explored the association between A1298C and
RSA. Hence, this is the first study reporting detailed
genotype and allele frequencies of the two SNPs in Saudi
RSA patients and controls.

This study was designed to determine the association
between MTHFR polymorphisms (C677T [rs1801133] and
A1298C [rs1801131]) and RSA in Saudi women and to
compare the results obtained with results in women with no
previous history of abortion.

Materials and Methods

The study was carried out at the Recurrent Abortion clinic at
King Khalid University Hospital, Riyadh, Saudi Arabia,
between 1/6/2010 and 1/10/2011. The study was approved
by the Institutional Review Board (IRB), College of
Medicine, King Saud University (No. E-10-132).

The sample size was calculated using http://osse.bii.a-
star.edu.sg/calculation1.php from OSSE (an Online Sample
Size Estimator). Power desired was kept at 80%, significance
level desired =5%, minor allele frequency assumed in cases
35%, and in control 15%. The sample size obtained was 96.

The study group comprised of 100 Saudi women with
RSA, consecutively referred to the clinic of ZB. The patient’s
group (RSA group [cases]) in the study included women
who were suffering from three or more consecutive
spontaneous miscarriages and were of Saudi nationality.
Non-Saudi females were excluded. In addition, the exclusion
also depended on associated illnesses, such as congenital
heart disease, insulin-dependent diabetes mellitus, renal
disease, cardiovascular disease, systemic lupus
erythematosus (SLE), and women with any risk factor for
recurrent abortions such as inborn errors of metabolism,
congenital heart disease, kidney disease, or cervical
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incompetence. As a routine procedure at KKUH, all
miscarriage cases were subjected to cytogenetic studies, and
women with a congenital malformation or chromosomal
abnormality were excluded from the study. The controls
consisted of 100 Saudi women who had at least two children
and were without known pregnancy losses or any known
medical illnesses. The controls were matched in age and
body mass index with the patients and were attending the
out-patients clinics of ZB for a routine checkup. The cases
and controls were explained the nature of the study, and
those who volunteered were requested to sign an informed
consent form. Routine analysis at the Hospital laboratory
was performed to exclude known causes of abortion.
Demographic data and clinical data of the patients were
collected, including parental karyotypes, hormone levels,
toxoplasmosis, cytomegalovirus, rubella, antiphospholipid
antibodies, protein C, protein S, glucose level, hysteroscopy,
hysterosalpingography, and serial ultrasound. Only women
with normal values were included.

Blood samples (8 mL) were drawn, by venipuncture,
from both the RSA and control groups, in tubes containing
anti-coagulant, EDTA. The blood was centrifuged at 3500
rpm for 10 min, and the plasma, cells, and the buffy coat
were carefully separated. DNA was extracted from blood
using the Gentra Puregene DNA purification kit (Qiagen).

The concentration of DNA in each sample and its purity
were determined using NanoDrop 2000 Spectrophotometer.
The DNA was diluted to 50 ng/μL, stored at –20°C in the
Laboratory at the Department of Zoology, College of Science,
KSU. Riyadh, until required for analysis. Using TaqMan
genotyping assay kits (Applied Biosystems), the samples were
genotyped for the two SNPs (rs1801133 and rs1801131). All
probes used were those designed by Applied Biosystem
(C___1202883_20, C____850486_20) following the protocol
provided by the manufacturer. The genotyping was carried
out on LightCycler 480 Instrument II Real-Time PCR System,
following the protocol: initial denaturation at 94°C for 15
min, followed by 45 cycles of 94°C for 15 s and 60°C for 1 min.

Statistical analysis
The information was filled on Microsoft Excel spreadsheets
and entered on a personal computer. Data analysis was
carried out using the Statistical Package for the Social
Sciences (SPSS version 20, SPSS Inc., Chicago, IL). Mean
and standard deviation (SD) were calculated, and the results
in the two groups were compared using the Student’s t-test.
In each group, genotypes and allele frequencies were
manually calculated and compared between the normal and
the patient group using http://ihg.gsf.de/cgi-bin/hw/hwa1.pl.
Odds ratio (OR), 95% confidence interval (CI), Chi-square
(χ2), and the p-value were obtained. p < 0.05 was considered
statistically significant. Hardy–Weinberg Equilibrium was
tested using both the above website. Haplotype analysis was
carried out, and the frequency of the constructed haplotypes
was compared in the RSA and controls.

Results

The demographic and clinical characteristics of the
participants in this study are presented in Tab. 1. The

patient and the control group were age and BMI-matched.
The mean age of the RSA patient was 33.20 ± 6.291 years
(range 18–45 years), and that of the control was 33.10 ±
0.733 years (range 18–45 years; p = 0.981).

The prevalence of consanguinity was calculated and is
presented in Tab. 2. Of the RSA patients, 55% of the
females were married to their cousins compared to 35% of
the control group. The prevalence of consanguinity was
significantly higher in the patient’s group compared to the
controls (p = 0.015).

The genotype and allele frequencies were calculated for
the two studied SNPs. Both SNPs obeyed Hardy–Weinberg
Equilibrium (p > 0.1). Tab. 3 presents the genotype and
allele frequency of C677T MTHFR mutation. The
frequencies of T alleles were 0.165 in patients and 0.17 in
controls. The frequencies of CC, CT and TT genotypes
were 70%, 27% and 3% in patients, and 71%, 24% and5%
in controls. Overall, the distribution of the various
genotypes of C677T did not differ significantly among RSA
patients (p = 0.893).

The genotype and allele frequencies of A1298C in the
MTHFR gene in the RSA patients and controls are
presented Tab. 4. The frequencies of C alleles were 0.345 in
patients and 0.28 in controls. The frequencies of AA, AC
and CC genotypes were 44%, 43% and 13% in patients, and
54%, 36% and 10% in controls. The genotypes and allele
frequencies of mutant C allele and genotype CC of MTHFR
A1298C were slightly higher in the RSA patients compared
to the control group but failed to reach significance (p =
0.160). Four main haplotypes were identified (Tab. 5). Three
of the haplotypes did not differ significantly between the
patients and controls. However, the CT haplotype, which
was absent in the controls, occurred at a frequency of 2.79%
in the patients, and the difference in the frequency between
the two groups was statistically significant.

Discussion

Methylenetetrahydrofolate reductase (MTHFR) is a vital
enzyme in ‘one-carbon metabolism,’ and due to the
involvement of folic acid and its metabolites in this
pathway, any abnormality in the level or amount of the
MTHFR may lead to serious consequences (Nazki et al.,
2014). These may occur in the form of cardiovascular
disease, neural tube defects, preeclampsia, cleft lip/palate,
hypertension, thrombosis, complications of pregnancy, e.g.,
RSA, osteoporosis, dementia, schizophrenia, depression,
Alzheimer’s disease, migraine, Down syndrome, certain
types of cancer (glaucoma), and epilepsy (https://omim.org/
entry/236250). The two polymorphisms, we included in this
study, have been extensively investigated in RSA. The
C677T is a cytosine (C) to thymine (T) transition at
position 677, within exon 4 of the gene, and results in an
alanine to valine substitution. The mutant protein has
reduced enzyme activity at 37°C and has higher
thermolability. The enzyme activity in the CT heterozygote
and the TT homozygotes is reduced by 35% and 70%,
respectively, when compared to the normal CC genotype.
Homozygosity for the T allele is associated with reduced
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TABLE 1

Demographic data of RSA patients and control subjects included in this study

Parameter Group Mean SD t p

Age (years) C 33.10 7.330 −0.104 0.981

P 33.20 6.291

Height (cm) C 158.49 5.452 1.512 0.132

P 157.02 8.076

Weight (kg) C 70.50 15.168 −1.015 0.311

P 72.91 18.218

BMI (kg/m2) C 28.28 6.140 −1.425 0.156

P 29.63 7.215

No of children C 3.61 1.693 6.313 0.0001

P 1.95 2.012

No. of pregnancies C 3.62 1.692 −7.630 0.0001

P 6.41 3.241

No. of abortion C 0 (None) 0 −11.025

P 4.51 2.414
p, Significance

TABLE 2

Prevalence of consanguinity (1st and 2nd degree) in RSA patients and controls

Group No. of samples (No.) Consanguinity % 1st % 2nd % None % χ2 (p) χ2 (p)
No. No. No. No. Three way Binary

RSA Patients 100 55% 33% 22 % 45% 8.35 8.08

55 33 22 45

Controls 100 35% 19% 16% 65%

35 19 16 65 0.015 0.004
Binary: total consanguineous vs non-consanguineous (None).
Three way: 1st cousin, and 2nd cousin vs non-consanguineous (None).
χ2: Chi-squared statistic, p: Significance.

TABLE 3

The genotype and allele frequencies of C677T in the RSA patients compared to the control group

Genotype of C677T Control No. (%) Patients (%) Control vs. Patients*

OR CI χ2 p-value

CC 71 (71%) 70 (70%) Ref.

CT 24 (24%) 27 (27%) 1.14 0.60–2.17 0.16 0.687

TT 5 (5%) 3 (3%) 0.61 0.14–2.64 0.45 0.504

Total 100 100

Allele Control (Frequency) Patients (Frequency) Control vs. Patients**

OR CI χ2 p-value

C 0.83 0.835 Ref.

T 0.17 0.165 1.04 0.61–1.75 0.02 0.893
No: Number of individuals; OR: Odds Ratio; CI: Confidence Interval; χ2: Chi-squared statistic.
*Using 3 � 2 Contingency Table: The Chi-squared statistic is 0.6836. The p-value is 0.710504. The result is not significant (p > 0.05).
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enzyme activity resulting in mild to moderately elevated Hcy
levels (Frosst et al., 1995).

The second polymorphism in the MTHFR gene involves
an A to C transition at position 1298 within exon 7, which
results in a change from glutamate to an alanine residue. The
activity of the enzyme is decreased but not to the same extent
as in the C677T allele (Weisberg et al., 1998; Poursadegh-
Zonouzi et al., 2012). It has been shown that neither the
homozygous nor the heterozygous state of A1298C leads to
an elevation in plasma Hcy or lower plasma folate
concentration, which is evident for the homozygous state for
C677T. However, compound heterozygosity for the C677T
and the A1298C allele is associated with reduced MTHFR
enzyme activity, higher plasma Hcy, and lower plasma folate
concentrations (Van der Put et al., 1998). The combined
association of these two alleles produces a similar biochemical
profile to those individuals who are homozygous for the T
allele of C677T. The population frequency for A1298C
homozygosity is not as well documented as for the C677T
allele and is thought to have a prevalence of about 10%
(Zetterberg et al., 2002). To date, over 30 other mutations
have been identified which, are associated with severe
MTHFR deficiency (Sibani et al., 2003).

Several interesting features came to light during this
investigation. Firstly, our results showed that consanguinity
could be a factor contributing to fetal loss in the form of

RSA among Saudi females since the RSA patient had a
higher frequency of cousin marriages compared to the
control group. Secondly, our findings show that the two
studied SNPs do not play a role in influencing susceptibility
to RSA in the Saudi population. The genotyping for the
C677T polymorphism showed that the frequencies of T
alleles were 0.165 in the patients and 0.17 in the controls.
The prevalence of the genotypes CC, CT, and TT did not
differ in the Saudi RSA patients and controls (p = 0.924).
Turki et al. (2016) also reported no association in a group of
women suffering from RSA (recurrent miscarriage), their
study did not compare the results with controls, and no
explanation was given how the association was studied.

Regarding genotypes and alleles of A1298C
polymorphism in the present study, though the frequencies
of CC was slightly higher in the patients’ group, it did not
reach a significant difference between the RSA patients and
healthy controls (p = 0.160). No studies were found on
Saudis during our extensive literature review, and we are
confident that this is the first report exploring the
association between A1298C and RSA. Our results are in
agreement with the results in several populations, including
Mexican, Brazilian, Sinhalese, Egyptian, Korean, Italians,
Romans, Slovaks, and Spanish and contradict the results
reported in Iranian, Indian, Caucasians, Lebanese, Syrian,
Nepalese, Slavonic, Bulgarians, and Greek (Tab. 6).

TABLE 4

The genotype and allele frequencies of A1298C in the RSA patients compared to the control group

Genotype of A1298C Control* No. (%) Patients* No. (%) Control vs. Patients

OR CI χ2 p-value

AA 54 (54%) 44 (44%) Ref.

AC 36 (36%) 43 (43%) 1.87 0.40–8.69 0.66 0.41

CC 10 (10%) 13 (13%) 1.59 0.64–3.98 1.01 0.315

Total 100 100

Allele Control (Frequency)** Patients (Frequency)** Control vs. Patients

OR CI χ2 p-value

A 0.72 0.655 Ref.

C 0.28 0.345 1.35 0.88–2.07 1.97 0.160
No: Number of individuals; OR: Odds Ratio, CI: Confidence Interval; χ2: Chi-squared statistic.
*Using 3 � 2 contingency tables: The Chi-squared statistic is 2.032. The p-value is 0.362046. The result is not significant (p > 0.05).
**Using 2 � 2 Contingency tables: The Chi-squared statistic is 1.9665. The p-value is 0.160815. The result is not significant (p > 0.05).

TABLE 5

Haplotype analysis to determine association with RSA

Haplotype association

A1298C C677T Frequency Control Frequency Patients OR (95% CI) p-value

1 A C 0.56 0.5229 1.00 –

2 C C 0.27 0.3171 1.27 (0.81–1.99) 0.29

3 A T 0.17 0.1321 0.83 (0.46–1.48) 0.53

4 C T 0 0.0279 Very high values <0.0001
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These two polymorphisms have been extensively
investigated in RSA in different populations, but the reports
are contradictory. Meta-analyses have been used to clarify
the status of MTHFR polymorphism and have shown
significant population differences (Kamali et al., 2018;
López-Jiménez et al., 2016; Nefic et al., 2018; Nair et al.,
2013; Bozikova et al., 2015). It was shown in the Middle
European white population, that polymorphism of MTHFR
gene is associated with idiopathic recurrent miscarriage, and

homozygosity for MTHFR C677T polymorphism confers a
3.7 fold increase in its risk (OR 3.7, 95% CI 1.2–11.8)
(Unfried et al., 2002). From the Czech Republic, a study on
the Slavonic population (Hubacek et al., 2015), showed that
both C677T and A1298C were more frequent in
spontaneous abortion, and their combination significantly
increased the risk of abortion (OR 1.28; 95% CI 1.05–1.57;
p = 0.017). Studies on the Indian population showed that
MTHFR A1298C polymorphism is a genetic risk factor for

TABLE 6

A summary of some studies that investigated association between MTHFR (C677T and A1298C) gene polymorphisms and RSA in different
populations

SNP Number of
samples

Population Clinical implication References

No association

C677T and A1298C IRPL = 56, N = 50 Mexican The most frequent prothrombotic factor in
the RPL group

López-Jiménez et al. (2016)

C677T and A1298C RM = 137, N = 100 Brazilian No significant differences between recurrent
miscarriage case and control groups

Gonçalves et al. (2016)

C677T and A1298C RPL = 200, N = 200 Sinhalese Not significantly associated with recurrent
pregnancy loss

Dissanayake et al. (2012)

C677T and A1298C RPL = 70, N = 136 Egyptian RPL increased but not statistically significant Settin et al. (2011)

C677T and A1298C MS = 89, N = 150 Brazilian Polymorphisms in the MTHFR, genes were
not associated with recurrent miscarriage

Boas et al. (2015)

C677T and A1298C Pregnant = 797 Italy No association Dell’Edera et al. (2018)

C677T and A1298C RPL = 302; C = 315 Korean No association Hwang et al. (2017)

C677T and A1298C Obstetric
complications: 50;
C = 79

Roman No association Bozikova et al. (2015)

C677T and A1298C RM:60; C = 30 Spanish No association Creus et al. (2013)

A1298C Meta-analysis Indians No association Rai (2014)

Association

C677T and A1298C Meta-analysis Iranian Significant strong association Kamali et al. (2018); Behjati et
al. (2006); Farahmand et al.
(2016)

C677T Obstetric
complications:120;
C = 105

Slovak Strong association Bozikova et al. (2015).

C677T and A1298C RM = 200, N = 300 Indian Significant association Parveen et al. (2013)

A1298C Meta-analysis Indian Significant association Nair et al. (2013)

C677T and A1298C RPL = 171, N = 144 Lebanese Strong relationship with RPL and CVD El Achi et al. (2018)

C677T and A1298C RPL = 100; N = 106 Syrian Strong association Al-Achkar et al. (2017)

C677T RPL = 35 couples;
C = 35 couples

Nepal. Significant association Sah et al. (2018)

C677T RPL = 133; C = 74 Austria,
Middle
European
white

C677T associated with elevated serum levels
of homocysteine and idiopathic recurrent
miscarriage.

Unfried et al. (2002)

C677T and A1298C RA = 464 Slavonic Increased the risk of abortion Hubacek et al. (2015)

A1298C Healthy
nulliparous women
= 2,034

Australia Protection against pregnancy complications Said et al. (2010)

RM, recurrent miscarriage; RPL, recurrent pregnancy loss; RA, recurrent abortion; IRPL, idiopathic recurrent pregnancy loss. N = Normal; C = Control.
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pregnancy loss (Nair et al., 2013). However, a meta-analysis
failed to show any association between this polymorphism
and recurrent pregnancy loss (Rai, 2014). Said and
coworkers (Said et al., 2010) reported from Melbourne,
Australia, that homozygosity for MTHFR A1298C might
protect against pregnancy complications.

In a group of Roman women, Bozikova et al. (2015)
reported that none of the polymorphisms studied were
significantly associated with pregnancy complications. Creus
et al. (2013) report on Spanish women failed to show any
variation in the level of plasma Hcy levels, RBC folate, and
vitamin B12 serum levels or the prevalence of homozygous
and heterozygous C677T mutation in MTHFR gene in the
patients and controls groups. Later, Boas et al. (2015) also
reported that the investigated gene polymorphisms and
serum homocysteine, vitamin B12, and folate levels were not
associated with idiopathic RSA.

Interestingly, contradictions are also reported from the same
population. The example of Iranians is worth mentioning.
Yousefian et al. (2014) and Bagheri et al.’s (2010) findings
suggested that MTHFR mutations might not be associated with
RSA in the Iranians. While other studies have shown a strong
association between these polymorphisms and RSA (Kamali
et al., 2018; Behjati et al., 2006; Farahmand et al., 2016).

The reports that show hyperhomocysteinemia and low
folate level, in association with the two polymorphisms
(C677T and A1298C), suggest that these two
abnormalities will influence fetal development and hence
will lead to premature birth. This should be the situation
in every population. However, there are contradictions,
and the different possibilities that cause variable results
may be as follows: (i) Study population size differences in
the different studies, (ii) The influence of other genetic
factors on the gene expression of the MTHFR gene with
different polymorphic forms of the studied SNPs, (iii) The
influence of specific environmental factors on the gene
expression and protein stability of the expressed proteins,
and, finally, (iv) Possible epigenetic variations that
influence the MTHFR gene expression and function of the
expressed protein.

Hence, in conclusion, these reports further ascertain the
need for association studies in each population, as they point
out to the significance of other genetic, environmental and
epigenetic factors that are modulating the role played by a
specific SNP on the causation of a particular disorder.

Finally, as mentioned above, our results also showed that
consanguinity could be a factor contributing to fetal loss in the
form of RSA among Saudi females since the RSA patient had a
higher frequency of cousin marriages compared to the control
group. Other studies have shown an association between
cousin marriages and RSA (Assaf and Khawaja, 2009;
Mokhtar and Abdel-Fattah, 2001; Bener and Hussain, 2006),
though others have failed to do so. (Khlat, 1988;
Abdulrazzaq et al., 1997; Al-Awadi et al., 1986). It has been
suggested that there are possibly recessive inherited genes or
SNPs that, when inherited in the homozygous state,
influence the development of RSA. Further studies are
warranted to identify these genes.

In conclusion, this study has highlighted extensive
contradictions in the nature of the association between the

two studied SNPs (C677T and A1298C) in the MTHFR
gene in different populations. In Saudis, the results show
that there is no association between the studied SNPs with
RSA. However, there is a limitation of this study, i.e., the
small sample size. Further studies on larger sample size are
warranted to confirm the findings of this study. Particularly
the significant association of the haplotype CT of A1298C
and C677T with RSA needs further investigation on larger
sample size. These findings have opened avenues for further
research on the possible association between MTHFR gene
polymorphisms and RSA in different populations and have
highlighted a need to investigate the mechanisms leading to
an association in the different populations. A multicenter
trial may identify factors influencing the MTHFR gene
polymorphisms and their role in RSA development.

Acknowledgement: The authors extend their appreciation to
the Deanship of Scientific Research at King Saud University,
Riyadh, Saudi Arabia, for funding this work through
research group No. RG-1441-356. We are also thankful to
all the participants for their valuable support.

Data Availability: The authors declare that they have no
conflicts of interest to report regarding the present study.

Authors Contributions: AA, AAMA and AAA designed the
study and conducted the experimental work, ZB recruited
the patients, collected the patient’s data, and contributed to
the finalization of the manuscript. AA, ZB, ASW, FBA and
AT, analyzed the data, wrote the manuscript. The manuscript
was finalized for publication by ASW, AA, and ZB.

Funding Statement: The study was approved by the ‘Research
Center’ of the Female Scientific and Medical Colleges,
Deanship of Scientific Research, King Saud University,
Riyadh, Saudi Arabia.

Conflicts of Interest: The authors declare that there is no
conflict of interest.

References

Abdulrazzaq YM, Bener A, al-Gazali LI, al-Khayat AI, Micallef R,
Gaber T (1997). A study of possible deleterious effects of
consanguinity. Clinical Genetics 51: 167–173. DOI 10.1111/
j.1399-0004.1997.tb02447.x.

Al-Achkar W, Wafa A, Ammar S, Moassass F, Jarjour RA (2017).
Association of methylenetetrahydrofolate reductase C677T
and A1298C gene polymorphisms with recurrent
pregnancy loss in Syrian women. Reproductive Sciences 24:
1275–1279. DOI 10.1177/1933719116682874.

Al-Awadi SA, Naguib KK, Moussa MA, Farag TI, Teebi AS, el-
Khalifa MY (1986). The effect of consanguineous marriages
on reproductive wastage. Clinical Genetics 29: 384–388.
DOI 10.1111/j.1399-0004.1986.tb00509.x.

Assaf S, Khawaja M (2009). Consanguinity trends and correlates in
the Palestinian Territories. Journal of Biosocial Science 41:
107–124. DOI 10.1017/S0021932008002940.

Bagheri M, Rad IA, Omrani MD, Nanbakhsh F (2010). C677T and
A1298C mutations in the methylenetetrahydrofolate
reductase gene in patients with recurrent abortion from the

POLYMORPHISM IN SAUDI PATIENT 619

http://dx.doi.org/10.1111/j.1399-0004.1997.tb02447.x
http://dx.doi.org/10.1111/j.1399-0004.1997.tb02447.x
http://dx.doi.org/10.1177/1933719116682874
http://dx.doi.org/10.1111/j.1399-0004.1986.tb00509.x
http://dx.doi.org/10.1017/S0021932008002940


Iranian Azeri Turkish. International Journal of Fertility &
Sterility 4: 134–139.

Behjati R, Modarressi MH, Jeddi-Tehrani M, Dokoohaki P, Ghasemi J,
Zarnani AH, Aarabi M, Memariani T, Ghaffari M, Akhondi
MA (2006). Thrombophilic mutations in Iranian patients
with infertility and recurrent spontaneous abortion. Annals
of Hematology 85: 268–271. DOI 10.1007/s00277-005-0021-0.

Bener A, Hussain R (2006). Consanguineous unions and child health
in the State of Qatar. Paediatric and Perinatal Epidemiology
20: 372–378. DOI 10.1111/j.1365-3016.2006.00750.x.

Boas WV, Gonçalves RO, Costa OLN, Goncalves MS (2015).
Metabolism and gene polymorphisms of the folate pathway
in Brazilian women with history of recurrent abortion.
Revista Brasileira de Ginecologia e Obstetrícia 37: 71–76.
DOI 10.1590/SO100-720320140005223.

Bozikova A, Gabrikova D, Pitonak J, Bernasovska J, Macekova S,
Lohajova-Behulova R (2015). Ethnic differences in the
association of thrombophilic polymorphisms with obstetric
complications in Slovak and Roma (Gypsy) populations.
Genetics Testing and Molecular Biomarkers 19: 98–102.
DOI 10.1089/gtmb.2014.0232.

Chatzidimitriou M, Chatzidimitriou D, Mavridou M, Anetakis C,
Chatzopoulou F, Lialiaris T, Mitka S (2017). Thrombophilic
gene polymorphisms and recurrent pregnancy loss in Greek
women. International Journal of Laboratory Hematology 39:
590–595. DOI 10.1111/ijlh.12703.

Creus M, Deulofeu R, Penarrubia J, Carmona F, Balasch J (2013). Plasma
homocysteine and vitamin B12 serum levels, red blood cell folate
concentrations, C677Tmethylenetetrahydrofolate reductase gene
mutation and risk of recurrent miscarriage: A case-control study
in Spain. Clinical Chemistry and Laboratory Medicine 51: 89.
DOI 10.1515/cclm-2012-0452.

Dell’Edera D, L'Episcopia A, Simone F, Lupo MG, Epifania AA,
Allegretti A (2018). Methylen etetrahydrofolate reductase
gene C677T and A1298C polymorphisms and susceptibility
to recurrent pregnancy loss. Biomedical Reports 8: 172–175.

Di-Simone N, Maggiano N, Caliandro D, Riccardi P, Evangelista A
(2003). Homocysteine induces trophoblast cell death with
apoptotic features. Biology of Reproduction 69: 1129–1134.
DOI 10.1095/biolreprod.103.015800.

Dissanayake VH, Sirisena ND, Weerasekera LY, Gammulla CG,
Seneviratne H, Jayasekara RW (2012). Candidate gene
study of genetic thrombophilic polymorphisms in pre-
eclampsia and recurrent pregnancy loss in Sinhalese
women. Journal of Obstetrics and Gynaecology Research 38:
1168–1176. DOI 10.1111/j.1447-0756.2012.01846.x.

El Achi H, Awwad J, Abou Daya S, Halabi S, Damianos S, Mahfouz R
(2018). The association between cardiovascular disease gene
mutations and recurrent pregnancy loss in the Lebanese
population. Molecular Biology Reports 45: 911–916. DOI
10.1007/s11033-018-4237-1.

Farahmand K, Totonchi M, Hashemi M, Reyhani Sabet F, Kalantari
H, Gourabi H, Mohseni Meybodi A (2015). Thrombophilic
genes alterations as risk factor for recurrent pregnancy loss.
The Journal of Maternal-Fetal & Neonatal Medicine 29:
1269–1273. DOI 10.3109/14767058.2015.1044431.

Forray A (2016). Substance use during pregnancy. F1000Res 5: F1000
Faculty Rev-887. Published 2016 May 13. DOI 10.12688/
f1000research.7645.1.

Frosst P, Blom HJ, Milos R, Goyette P, Sheppard CA, Matthews RG,
Boers GJH, den Heijer M, Kluijtmans LAJ, van den Heuve
LP, Rozen R (1995). A candidate genetic risk factor for
vascular disease: A common mutation in

methylenetetrahydrofolate reductase. Nature Genetics 10:
111–113. DOI 10.1038/ng0595-111.

Gonçalves RO, Fraga LR, Santos WV, Carvalho AF, Veloso Cerqueira
BA, Sarno M, Toralles MB, Vieira MJ, Dutra CG, Schüler-
Faccini L, Sanseverino MT, Gonçalves MS, Vianna FS,
Costa OL (2016). Association between the thrombophilic
polymorphisms MTHFR C677T, Factor V Leiden, and
prothrombin G20210A and recurrent miscarriage in
Brazilian women. Genetics and Molecular Research 15. DOI
doi 10.4238/gmr.15038156.

Hubacek JA, Rynekrova J, Kasparova D, Adamkova V, Holmes MV,
Fait T (2015). Association of MTHFR genetic variants C677T
and A1298C on predisposition to spontaneous abortion in
Slavonic population. Clinical Chimica Acta 440: 104–107.
DOI 10.1016/j.cca.2014.11.018.

Hwang KR, Choi YM, Kim JJ, Lee SK, Yang KM, Paik EC,
Jeong HJ, Jun JK, Yoon SH, Hong MA (2017).
Methylenetetrahydrofolate reductase polymorphisms and
risk of recurrent pregnancy loss: A case-control study.
Journal of Korean Medical Science 32: 2029–2034. DOI
10.3346/jkms.2017.32.12.2029.

Kamali M, Hantoushzadeh S, Borna S, Neamatzadeh H, Mazaheri
M, Noori-Shadkam M, Haghighi F (2018). Association
between thrombophilic genes polymorphisms and
recurrent pregnancy loss susceptibility in the Iranian
population: A systematic review and meta-analysis. Iran
Biomedical Journal 22: 78–89. DOI 10.22034/ibj.22.2.78.

Kaur R, Gupta K (2016). Endocrine dysfunction and recurrent
spontaneous abortion: an overview. International Journal of
Applied and Basic Medical Research 6: 79–83. DOI 10.4103/
2229-516X.179024.

Khlat M (1988). Consanguineous marriage and reproduction in Beirut,
Lebanon. American Journal Human Genetics 43: 188–196.

López-Jiménez JJ, Porras-Dorantes Á, Juárez-Vázquez CI, García-
Ortiz JE, Fuentes-Chávez CA, Lara-Navarro IJ, Jaloma-
Cruz AR (2016). Molecular thrombophilic profile in
Mexican patients with idiopathic recurrent pregnancy loss.
Genetics and Molecular Research 15: gmr.15048728. DOI
10.4238/gmr.15048728.

Marini N J, Gin J, Ziegle J, Keho K H, Ginzinger D, Gilbert D A, Rine
J (2008). The prevalence of folate-remedial MTHFR enzyme
variants in humans. Proceedings of the National Academy of
Sciences of the United States of America 105: 8055–8060.
DOI 10.1073/pnas.0802813105.

Meka A, Reddy BM (2017). Recurrent spontaneous abortions: an
overview of genetic and non-genetic backgrounds.
International Journal of Human Genetics 6: 109–117. DOI
10.1080/09723757.2006.11885950.

Mokhtar MM, Abdel-Fattah MM (2001). Consanguinity and
advanced maternal age as risk factors for reproductive
losses in Alexandria, Egypt. European Journal of
Epidemiology 17: 559–565. DOI 10.1023/A:1014567800950.

Nair R R, Khanna A, Singh R, Singh K (2013). Association of
maternal and fetal MTHFR A1298C polymorphism with
the risk of pregnancy loss: a study of an Indian population
and a meta-analysis. Fertility and Sterility 99: 1311–1318.
e4. DOI 10.1016/j.fertnstert.2012.12.027.

Nazki FH, Sameer AS, Ganaie BA (2014). Folate: Metabolism, genes,
polymorphisms and the associated diseases. Gene 533: 11–20.
DOI 10.1016/j.gene.2013.09.063.

Nefic H, Mackic-Djurovic M, Eminovic I (2018). The frequency of
the 677C>T and 1298A>C polymorphisms in the

620 AFRAH ALKHURIJI et al.

http://dx.doi.org/10.1007/s00277-005-0021-0
http://dx.doi.org/10.1111/j.1365-3016.2006.00750.x
http://dx.doi.org/10.1590/SO100-720320140005223
http://dx.doi.org/10.1089/gtmb.2014.0232
http://dx.doi.org/10.1111/ijlh.12703
http://dx.doi.org/10.1515/cclm-2012-0452
http://dx.doi.org/10.1095/biolreprod.103.015800
http://dx.doi.org/10.1111/j.1447-0756.2012.01846.x
http://dx.doi.org/10.1007/s11033-018-4237-1
http://dx.doi.org/10.3109/14767058.2015.1044431
http://dx.doi.org/10.12688/f1000research.7645.1
http://dx.doi.org/10.12688/f1000research.7645.1
http://dx.doi.org/10.1038/ng0595-111
http://dx.doi.org/doi 10.4238/gmr.15038156
http://dx.doi.org/10.1016/j.cca.2014.11.018
http://dx.doi.org/10.3346/jkms.2017.32.12.2029
http://dx.doi.org/10.22034/ibj.22.2.78
http://dx.doi.org/10.4103/2229-516X.179024
http://dx.doi.org/10.4103/2229-516X.179024
http://dx.doi.org/10.4238/gmr.15048728
http://dx.doi.org/10.1073/pnas.0802813105
http://dx.doi.org/10.1080/09723757.2006.11885950
http://dx.doi.org/10.1023/A:1014567800950
http://dx.doi.org/10.1016/j.fertnstert.2012.12.027
http://dx.doi.org/10.1016/j.gene.2013.09.063


methylenetetrahydrofolate reductase (MTHFR) gene in the
population. Medical Archive 72:164–169.

Nursal AF, Kaya S, Sezer O, Karakus N, Yigit S (2018). MTHFR gene
C677T and A1298C variants are associated with FMF risk in
a Turkish cohort. Journal of Clinical Laboratory Analysis 32:
e22259. DOI 10.1002/jcla.22259.

Parveen F1, Tuteja M, Agrawal S (2013). Polymorphisms in MTHFR,
MTHFD, and PAI-1 and recurrent miscarriage among North
Indian women. Archives of Gynecology and Obstetrics 288:
1171–1177. DOI 10.1007/s00404-013-2877-x.

Turki RF, Assidi M, Banni HA, Zahed HA, Karim S, Schulten HJ, Abu-
Elmagd M, Rouzi AA, Bajouh O, Jamal HS, Al-Qahtani MH,
Abuzenadah AM (2016). Associations of recurrent
miscarriages with chromosomal abnormalities, thrombophilia
allelic polymorphisms and/or consanguinity in Saudi Arabia.
BMC Med Genet 17: 69. DOI 10.1186/s12881-016-0331-1.

von Steinburg SP, Schneider KTM (2009). Recurrent spontaneous
abortions—an update on diagnosis and management. Journal
für Reproduktionsmedizin und Endokrinologie 6: 11–16.

Poursadegh-Zonouzi A, Chaparzadeh N, Asghari Estiar M,
Mehrzad Sadaghiani M, Farzadi L, Ghasemzadeh A, Sakhinia
M, Sakhinia E (2012). Methylenetetrahydrofolate reductase
C677T and A1298C mutations in women with recurrent
spontaneous abortions in the Northwest of Iran. ISRN
Obstetrics & Gynecology 2012: 1–6. DOI 10.5402/2012/945486.

Rai V (2014). Methylenetetrahydrofolate reductase gene A1298C
polymorphism and susceptibility to recurrent pregnancy
loss: A meta-analysis. Cellular and Molecular Biology
(Noisy-le-grand) 60: 27–34.

Ray JG, Laskin CA (1999). Folic acid and homocysteine metabolic
defects and the risk of placental abruption, pre-eclampsia
and spontaneous pregnancy loss: A systematic review.
Placenta 20: 519–529. DOI 10.1053/plac.1999.0417.

Reiss HE (1998). Reproductive Medicine: From A to Z. Oxford:
Oxford University Press.

Sah AK, Shrestha N, Joshi P, Lakha R, Shrestha S et al. (2018).
Association of parental methylenetetrahydrofolate reductase
(MTHFR) C677T gene polymorphism in couples with
unexplained recurrent pregnancy loss. BMC Research Notes
11: 445. DOI 10.1186/s13104-018-3321-x.

Said JM, Higgins JR, Moses EK, Walker SP, Borg AJ et al. (2010).
Inherited thrombophilia polymorphisms and pregnancy
outcomes in nulliparous women. European Journal
Obstetrics and Gynecology Reproductive Biology 115: 5–13.

Settin A, Elshazli R, Salama A, ElBaz R (2011). Methylenetetrahydrofolate
reductase gene polymorphisms in Egyptian women with
unexplained recurrent pregnancy loss. Genetic Testing and
Molecular Biomarkers 15: 887–892. DOI 10.1089/
gtmb.2011.0049.

Sibani S, Leclerc D, Weisberg I S, O'Ferrall E, Watkins D, Artigas C,
Rosenblatt D S, Rozen R (2003). Characterization of
mutations in severe methylenetetrahydrofolate reductase
deficiency reveals an FAD-responsive mutation. Human
Mutation 21: 509–520. DOI 10.1002/humu.10193.

Unfried G, Griesmacher A, Weismüller W, Nagele F, Huber JC,
Tempfer CB (2002). The C677T polymorphism of the
methylenetetrahydrofolate reductase gene and idiopathic
recurrent miscarriage. European Journal Obstetrics and
Gynecology Reproductive Biology 99: 614–619.

van der Put NMJ, Gabreëls F, Stevens EMB, Smeitink JAM, Trijbels
FJM, Eskes TKAB, van den Heuvel LP, Blom HJ (1998). A
second common mutation in the methylenetetrahydrofolate
reductase gene: an additional risk factor for neural- tube
defects? American Journal Human Genetics 62: 1044–1051.
DOI 10.1086/301825.

Weisberg I, Tran P, Christensen B, Sibani S, Rozen R (1998). A
second genetic polymorphism in methylenetetrahydrofolate
reductase (MTHFR) associated with decreased enzyme
activity. Molecular Genetics and Metabolism 64: 169–172.
DOI 10.1006/mgme.1998.2714.

Yousefian E, Taghi Kardi M, Allahveisi A (2014).
Methylenetetrahydrofolate reductase C677T and A1298C
polymorphism in Iranian women with idiopathic recurrent
pregnancy losses. Iranian Red Crescent Medical Journal 16:
551. DOI 10.5812/ircmj.16763.

Zetterberg H, Regland Börn, Palmér M, Ricksten A, Palmqvist L,
Rymo L, Arvanitis DA, Spandidos DA, Blennow K (2002).
Increased frequency of combined methylenetetrahydrofolate
reductase C677T and A1298C mutated alleles in
spontaneously aborted embryos. European Journal of
Human Genetics 10: 113–118. DOI 10.1038/sj.ejhg.5200767.

POLYMORPHISM IN SAUDI PATIENT 621

http://dx.doi.org/10.1002/jcla.22259
http://dx.doi.org/10.1007/s00404-013-2877-x
http://dx.doi.org/10.1186/s12881-016-0331-1
http://dx.doi.org/10.5402/2012/945486
http://dx.doi.org/10.1053/plac.1999.0417
http://dx.doi.org/10.1186/s13104-018-3321-x
http://dx.doi.org/10.1089/gtmb.2011.0049
http://dx.doi.org/10.1089/gtmb.2011.0049
http://dx.doi.org/10.1002/humu.10193
http://dx.doi.org/10.1086/301825
http://dx.doi.org/10.1006/mgme.1998.2714
http://dx.doi.org/10.5812/ircmj.16763
http://dx.doi.org/10.1038/sj.ejhg.5200767

	Two polymorphisms in methylenetetrahydrofolate reductase gene (C677T and A1298C) frequently associated with recurrent spontaneous abortion show no association in Saudi women ...
	Introduction
	Materials and Methods
	Results
	Discussion
	flink5
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


