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Abstract
Background: Two common variants of Methylene tetrahydrofolate reductase (MTHFR) are C677T and
A1298C, which have been associated with general depression. Main objective of the study was to explore
how these functional polymorphisms of MTHFR gene associate with the risk to develop postpartum
depression.
Method: 434 women were recruited in a study period of 3 years (January 2014 to December 2017) in a
tertiary care centre. EPDS was administered at 6 weeks postpartum, with a cut-off score of ≥10 to define
probable postpartum depression. Plasma was used for the estimation of circulating vitamin B12
metabolites and whole blood for extraction of DNA. Real time PCR using Taqman probes was used for
genotyping the proposed SNP’s.
Results: T allele of MTHFR C677T was associated with the risk of probable PPD (p = 0.024, OR = 1.67;
95% CI: 1.06-2.62) and presence of suicidal ideations in these women (p<0.001, OR = 2.90; 95% CI: 1.615.24). Haplotype 677T-1298A was associated with both the risk of probable PPD (p = 0.029, OR = 1.66;
95% CI: 1.05-2.64) and suicidal ideations (p <0.001, OR = 2.933; 95% CI: 1.60-5.35), whereas 677C-1298A
was protective against suicidal ideations (p = 0.011; OR = 0.558; 95% CI: 0.35-0.88). Women with risk
allele T were also associated with higher levels of circulating holotranscobalamin levels, and lower levels
of vitamin B12, whereas risk allele C of A1298C had lower levels of holotranscobalamin.
Limitations: Cross-sectional study
Conclusion: Polymorphic variants of MTHFR gene might indicate susceptibility to develop probable
depression in postpartum period.
Significance

MTHFR C677T has been widely reported in the literature to be associated with general depression. The
association of this variant in susceptibility to develop postpartum depression is not widely studied. We
observed T allele of MTHFR C677T to be associated with the risk of to develop depression and suicidal
ideation in postpartum period. Higher levels of MMA and holotranscobalamin, and lower levels of vitamin
B12 were associated with T allele of MTHFR C677T. Polymorphic variants of MTHFR gene might indicate
susceptibility to develop depression in postpartum period.

1. Introduction
Postpartum depression (PPD) is a common complication of pregnancy, affecting about 19% of women in
developing countries like India (Upadhyaya et al, 2017). Depressed maternal mood is known to affect
growth and development of the child adversely (McManus and Poehlmann, 2012). Although many
factors attribute to the development of PPD, nutritional factors are widely accepted as modifiable, yet
vital in the development of PPD (Bodnar and Wisner, 2005; Leung and Kaplan, 2009). Of the many macroPage 2/17

and micronutrients implicated in perinatal depression, the water-soluble B-vitamins are reported
consistently in literature (Leung and Kaplan, 2009). Vitamin B12 and folate, which directly influence the
production and bioavailability of serotonin, and prevent the excess accumulation of neurotoxin
homocysteine (hcy), are one such example (Abou-Saleh et al., 1999; Chong et al., 2014; Peppard et al.,
2019). Both these vitamins play a crucial rule in the remethylation of cellular hcy to methionine, which
further leads to the synthesis of S-adenosyl methionine (SAM). SAM is responsible for non-genomic
methylations essential for neurotransmitter synthesis and genomic methylation, which regulated
reuptake of neurotransmitters. Degradation of hcy also protects the cells from its excess, which can
disrupt oxidative state of the cell (Fox and Stover, 2008).
Certain enzymes and proteins play a crucial role in maintaining the optimum cellular concentration and
functions of folate and vitamin B12. Reduced activity of methylene tetrahydrofolate reductase (MTHFR)
enzyme, a major regulatory enzyme of folate-B12-methionine cycle is associated with depression in
general population (Lok et al, 2013; Peerbooms et al, 2011). C677T and A1298C are the most common
polymorphic forms of MTHFR gene loci. Both these single nucleotide polymorphism (SNPs) are exonic in
location, causing production of a thermolabile enzyme that degrades faster; hence, they can influence
intracellular concentration of metabolites like hcy, along with decreased regeneration of methionine
(Frosst et al., 1995; Weisberg et al.,1998).
Present literature has limited studies on the effect of MTHFR C677T and A1298C on postpartum
depression. In a prospective study carried out by Lewis et al. in 6809 pregnant women (both folate
supplemented and non-supplemented), supplementation of folate in pregnancy protected the women
from postpartum depression, especially women with the risk genotype i.e. MTHFR C677T TT (Lewis et al.,
2012).
We hypothesize that the polymorphic variants of MTHFR (C677T and A1298C) are associated with the
susceptibility to develop postpartum depression in South Indian women. Therefore, in the present study,
we aimed to explore the association of MTHFR C677T and A1298C genotypes on probable postpartum
depression. We also analyzed the effect of these polymorphisms on the circulating folate and vitamin
B12 metabolites.

2. Material And Method

2.1 Study design
We conducted this case-control study in JIPMER, a tertiary care hospital in the south of India with
approximately 20,000 deliveries per year (jipmer.edu.in). Archived samples of extracted DNA and plasma
from a previous parent study (communicated elsewhere) were used with convenient sampling. Parent
study was approved by Institute ethics committee (Ref no-JIP/IEC/2014/5/319) and was conducted
according to the principles expressed in Declaration of Helsinki.
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We calculated the sample size for genetic polymorphism using 0.12 as the minor allele frequency of

MTHFR gene in Indian population (Sukla and Raman, 2012), and the disease prevalence of 26.3% as
reported by Savarimuthu et al., (Savarimuthu et al, 2010) in the software Genetic Power Calculator
(Purcell et al, 2003). Sample size was estimated at 5% level of significance with 80% power. Estimated
sample size considered was 217 subjects in each group (total 434 study subjects) to fulfill one of the
study objectives of genotype-phenotype interaction. Written informed re-consent was obtained prior to
including women in the present study.
We defined probable PPD as Edinburg Postpartum Depression Scale (EPDS), score of ≥ 10, which has
shown good validity in measuring depressive symptoms during pregnancy and postnatal depression in
this population (Benjamin et al., 2005; Cox et al., 1987). Further group stratification was done in cases
based on presence or absence of suicidal ideation, which was assessed on EPDS item 10: “The thought
of harming myself has occurred to me” (yes, quite often; sometimes; hardly ever; never). We excluded
women with previous history of depression. Socio-demographic, obstetric and psychiatric history
associated with PPD was collected. Women included in the study had their antenatal follow up and
delivery in JIPMER, where folate supplements are provided by the hospital as a part of patient care. At
this point, we collected 5 ml of venous blood in EDTA vial for plasma metabolites and genotyping.

2.2 Genotyping
We checked the quality of extracted DNA using NanoDrop™ 2000 (Thermo Fisher Scientific Inc., USA) and
a minimum 260:280 ratio of > 1.8 acceptable for SNP studies. Samples with a ration of less than 1.8 were
re-extracted by commercially available extraction kits (QIAmp DNA Blood mini kit, Qiagen, Germany).
Genotyping for Single Nucleotide Polymorphisms (SNP) MTHFR C677T (assay ID C-1202883-20) and
A1298C (assay id C-850486-20) was performed using a Taqman SNP genotyping assay in CFX 96
(BioRad Laboratories Inc., USA), using an allelic discrimination mode. In all, 50 ng DNA was amplified in a
10 µL reaction mixture containing 5 µL of Taqman genotyping master-mix (Applied Biosystems), 0.25 µL
(5 pmol) of each primer & probe (Applied Biosystems), and 3.75 µL of nuclease free water. The
amplification conditions consisted of denaturation at 95°C for 10 minutes followed by 40 cycles of
denaturation at 95°C for 15 seconds, and then by annealing and elongation at 65°C for 60 seconds.
Genotype call rate for both C677T and A1298C was 100%.

2.3 Measurement of folate and vitamin B12 metabolites in
circulation
Plasma was separated by centrifugation at 2000g for 15 minutes and stored at -80C till further analysis.
Determination of vitamin B12, holotranscobalmin (holotc), 5-methyl THF, SAM, Hcy, Methyl malonyl Co-A
(MMA), and serotonin in plasma was performed using commercially available ELISA kits.

2.4 Statistical methods
We used chi-square test for categorical variables and student t test for continuous variables using SPSS
version 20.0 (SPSS Inc., Chicago, USA). To find the Hardy-Weinberg equilibrium (HWE), and the difference
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in both allele and genotype frequency, we used chi-square test using online calculator DeFinetti
(http://ihg.gsf.de/cgi-bin/hw/hwa1.p1). Further, association of MTHFR genotypes with the risk for
probable PPD was carried out by logistic regression analysis by creating dominant, recessive & additive
models that was adjusted to significantly different socio-demographic, obstetric and nutritional factors
between two groups. Correction for multiple testing was carried out by Bonferroni’s method. The results
were expressed as percentage, odds ratio (OR) and their 95% confidence intervals. Combined genotype
frequencies were calculated by direct counting. Haplotype frequencies were estimated and linkage
disequilibrium (LD test was performed in Haploview 4.1 software, and further verified in online using the
software SHEsis (Barrett et al., 2005; Shi and He, 2005).

3. Results

3.1 Population Characteristics
The mean age of the women in the study cohort was 26 ± 4.2 years. We observed no significant
difference between maternal ages (t(432) = -1.639, p = 0.102). Maternal BMI (at 6-weeks postpartum) was
also found not to be statistically different between study groups (t(432) = 1.214, p = 0.225). We found
significant percentages of postpartum women with probable PPD to belong to middle class group (χ(4) =
17.53, p = 0.002). Stress variables like marital dissatisfaction was observed to be higher in depressed
women (χ(1) = 62.77, p < 0.0001). Among the obstetric factors, women with probable PPD were
multiparous (χ(2) = 12.60, p = 0.002), had a higher number of unplanned pregnancy (χ(1) = 16.92, p <
0.001) and instrumental delivery (χ(2) = 8.49, p = 0.014), and were dissatisfied with the baby’s gender
(χ(1) = 8.244, p = 0.006).
Majority of our study population (94.5%) was reported to be on mixed diet. Women with probable PPD
consumed meat (χ(2) = 7.61, p = 0.022), egg (χ(2) = 73.40, p < 0.001) and curd (χ(2) = 12.92, p = 0.002) in
lesser frequency than controls.

3.2 Single locus analysis
Both MTHFR C677T and A1298C were in Hardy Weinberg Equilibrium (p = 0.116 and 0.812 respectively)
in healthy controls. Among the two SNP’s, the minor allele of MTHFR C677T significantly associated with
the risk for probable PPD (p = 0.024, OR = 1.67; 95% CI: 1.06–2.62) (Table 1). Homozygous risk genotype
(TT) of MTHFR C677T was more common in women with probable PPD (p = 0.041), whereas we
observed no such difference in case of MTHFR A1298C (p = 0.955) (Table 1).
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Table 1
Distribution of genotype and allele frequency of MTHFR C677T and A1298C and their association with
risk of probable postpartum depression

MTHFR
C677T

Women without probable
PPD

Women with probable
PPD

(n = 217)

(n = 217)

P-value (OR;95% CI)

Genotype frequency n (%)
CC

186(85.7%)

173(79.7%)

Heterozygous

CT

28(12.9%)

34(15.7%)

TT

3(1.3%)

10(4.6%)

P = 0.0417*(3.584;0.97013.239)

P = 0.0245*(1.672;1.064–
2.626)

P = 0.335(1.306; 0.76–2.24)
Homozygous

Allele frequency n (%)
C

400(92.1%)

380(87.5%)

T

34(7.8%)

54(12.4%)

MTHFR A1298C
Genotype frequency n (%)
AA
AC

70(32.3%)
108(49.8%)

76(35%)

Heterozygous

98(45.2%)

P = 0.407(1.016;0.547–
1.278)
Homozygous

CC

39(18%)

43(19.8%)

P = 0.955(1.306;0.591–
1.745)

P = 0.890 (0.980; 0.75–1.28)

Allele frequency n (%)
A

248(57.1%)

250(57.6%)

C

186(42.8%)

184(42.3%)

*P < 0.05 using chi-square test
Genetic association analyses adjusted for covariates (socioeconomic status, marital dissatisfaction,
parity, pregnancy planning, type of delivery, self-satisfaction with baby’s gender and nutritional factors)
and corrected for multiple testing showed significantly increased risk of probable PPD for MTHFR C677T
under additive model, whereas we observed no such association for MTHFR A1298C (Table 2).
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Table 2
Genotypic associations of MTHFR C677T and A1298C with probable postpartum depression under
additive, dominant and recessive models
SNP

Reference
genotype

Additive model#
P$

Dominant model#

OR

P$

(95% CI)
MTHFR

CC

0.042*

C677T
MTHFR

1.7

0.987

A1298C

0.862(0.641–
1.16)

P$

(95% CI)

OR
(95% CI)

0.135

1.7 (1.01–
2.88)

0.078

4.52 (1.2–
17.0)

0.630

0.79(0.49–
1.16)

0.840

0.945(0.54–
1.63)

(1.11–2.62)
AA

OR

Recessive model#

Abbreviations: OR (95%CI), odds ratio (95% confidence interval)
#

P value and OR (95%CI) from logistic regression after adjustment for socio-demographic, obstetrics
and nutritional factors
*

Significant P < 0.05

$

Corrected for multiple testing

Stratification of cases by presence or absence of suicidal ideations (item 10 of EPDS) revealed a
significant difference in the genotype and allele frequency of MTHFR C677T, with T allele being
significantly associated with the risk of suicidal ideation (Table 3). We found no difference in genotype or
allele frequency of A1298C in suicidal ideations (Table 3).
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Table 3
Distribution of genotype and allele frequency of MTHFR C677T and A1298C and their association with
risk of suicidal ideation in women with probable postpartum depression

MTHFR
C677T

Women without suicidal
ideation

Women with suicidal
ideation

(n = 164)

(n = 53)

P-value (OR;95% CI)

Genotype frequency n (%)
CC
CT

137(83.5%)
24(14.6%)

36(67.9%)

Heterozygous

10(18.9%)

P = 0.270(1.58; (0.69–
3.61)
Homozygous

TT

3(1.8%)

7(13.2%)

P = < 0.001*(8.8; 2.18–
36.06)

P = < 0.001*(2.90; 1.61–
5.24)

Allele frequency n (%)
C

277(84.9%)

79(74.5%)

T

51(15.6%)

27(25.4%)

MTHFR A1298C
Genotype frequency n (%)
AA
AC

57(34.8%)
76(46.3%)

19(35.8%)

Heterozygous

22(41.5%)

P = 0.694(0.868; 0.43–
1.75))
Homozygous

CC

31(18.9%)

12(22.6%)

P = 0.728(1.16; 0.49–
2.70)

P = 0.810 (1.05; 0.678–
1.64)

Allele frequency n (%)
A

190(57.9%)

60(56.6%)

C

138(42.0%)

46(43.3%)

*P < 0.05 using chi-square test
The genetic association analyses suggested that MTHFR C677T was significantly associated with
suicidal ideations in women with probable PPD under dominant model (Table 4). We observed no such
association with MTHFR A1298C.
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Table 4
Genotypic associations of MTHFR C677T and A1298C with suicidal ideations in women with probable
postpartum depression under additive, dominant and recessive models
SNP

Reference
genotype

Additive model#
P$

Dominant model#

OR

P$

(95% CI)
MTHFR

CC

0.057

C677T
MTHFR

1.97

0.954

A1298C

0.76(0.45–
1.29)

P$

(95% CI)

OR
(95% CI)

0.039*

2.5 (1.21–
5.5)

0.678

2.34
(0.58–
9.36)

0.879

0.672(0.32–
1.41)

0.639

0.79(0.31–
2.05)

(1.11–3.47)
AA

OR

Recessive model#

Abbreviations: OR (95%CI), odds ratio (95% confidence interval)
#P

value and OR (95%CI) from logistic regression after adjustment for socio-demographic, obstetrics
and nutritional factors
*

Significant P < 0.05

$

Corrected for multiple testing

3.3 Combined genotypes
In the whole cohort, we observed four common combined genotypes-CC/AC (42.3%), CC/AA (22.8%),
CC/CC (18.2%) and CT/AA (8.7%). The distribution of combined genotype did not vary between women
with and without probable PPD (p = 0.348).

3.4 Haplotypes
Table 5 summarizes the results of LD analyses and haplotype frequencies of both the polymorphisms of
MTHFR gene. We found MTHFR C677T and A1298C to be at high linkage disequilibrium (D’=0.88; r2 =
0.066), with haplotype “677C-1298A” to be the most common in our cohort. The distribution of haplotype
frequencies was also different between two groups with “677T-1298A” being more prevalent in women
with probable PPD (Table 5).
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Table 5
Estimated haplotype frequencies and the results from linkage disequilibrium test of MTHFR C677T and
A1298C polymorphisms in women with and without probable depression
Compound
genotypes

Frequency in women with
probable depression

Frequency in
women without

(n = 217)

probable
depression

OR
(95%
CI)

pvalue

Linkage

0.251

D’=0.88

Disequilibrium
test

(n = 217)
677C-1298A

45.8%

49.7%

0.859
(0.65–
1.12)

677C-1298C

41.8%

42.5%

0.975

r2 = 0.066
0.830

(0.745–
1.27)
677T-1298A

11.8%

7.5%

1.66

0.029*

(1.05–
2.64)
* Significant P < 0.05
On stratification of women with probable PPD by the presence or absence of suicidal ideation, haplotype
“677T-1298A” conferred a high risk for suicidal ideation, whereas “677C-1298A” was found to be
protective (Table 6).
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Table 6
Estimated haplotype frequencies and linkage disequilibrium test of MTHFR C677T and A1298C
polymorphisms in sub-groups based on presence or absence of suicidal ideation in women with probable
PPD
Compound
genotype

Frequency in women with
suicidal ideation

Frequency in women
without

(n = 53)

suicidal ideation

OR

p-value

(95% CI)

(n = 164)
677C-1298A

35%

49.3%

0.558

0.011*

(0.35–
0.88)
677C-1298C

42.3%

41.6%

1.04

0.85

(0.66–
1.62)
677T-1298A

21.6%

8.6%

2.933

0.0003*

(1.60–
5.35)
* Significant P < 0.05

3.5 Association of MTHFR gene polymorphisms with
circulating vitamin B12 metabolites
A Kruskal – Wallis H test was run to determine if there were differences in the metabolite levels among
MTHFR genotypes. In the whole cohort (n = 434), we observed risk allele T of MTHFR C677T to be
associated with higher levels of holotc (Fig. 1). Pair wise analysis of holotc showed significant
differences between CC versus TT genotypes (p = 0.045), and CT versus TT genotypes (p = 0.044). Lower
vitamin B12 levels were observed with the T allele of MTHFR C677T, although it was not statistically
significant (Fig. 1). On the other hand, risk allele C of MTHFR A1298C associated with lower holotc levels
(Fig. 2). MTHFR A1298C genotype did not show significant associations with any other circulating
metabolite.

4. Discussion
Decreased cellular activities of folate and vitamin B12 play an important role in the pathogenesis of
depression in perinatal period (Abou Saleh et al., 1995; Bodnar and Wisner, 2005; Leung and Kaplan,
2009). Functional polymorphisms of MTHFR gene might impact folate and vitamin B12 metabolism, as it
is a key enzyme responsible for maintaining the active 5-methyl form of THF. In the present study, we
explored the association between two common functional MTHFR gene polymorphisms i.e., C677T and
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A1298C with depressive symptoms in postpartum period, and analyzed the circulating levels of vitamin
B12 and folate metabolites in circulation in South Indian Women.
Our results showed that the T allele of MTHFR C677T has association with the risk and severity (in terms
of suicidal ideations) of PPD. Women with the risk allele T had higher levels of holotc, and lower levels of
vitamin B12. Further, haplotype 677T-1298A associated with both the risk of probable PPD and suicidal
ideations, whereas 677C-1298A was found to be protective against suicidal ideations. These findings
support our hypothesis that polymorphic variants of MTHFR gene might be associated with probable
depression in postpartum period.
Similar to our study, T allele of MTHFR C677T associated with general depression in Irish (Kelly et al.,
2004), Norway (Folate, 2003), and Chinese Han populations (Shen, 2014). Gilbody et al., in their metareview of MTHFR polymorphisms with psychiatric disorders observed an odd’s ratio of 1.36 (1.11-1.67)
for homozygous variant (TT) of C677T compared to wild type (CC) in 1280 patients with unipolar
depression (Gilbody et al., 2007). Furthermore, an association between MTHFR C677T with the risk of
postmenopausal depression (Słopien et al., 2008) and depression related to childhood trauma (Lok et al.,
2013) is also reported.
Although, many genetic variants are implicated in PPD, studies on the effect of MTHFR gene
polymorphisms are limited. Lewis et al. in their recent study on 6809 pregnant women, observed that
women with susceptible MTHFR C677T TT genotype were protected from postpartum depression at 21
months postpartum, by supplementing them with folate in pregnancy (Lewis et al., 2012).
We observed self-harm ideations in 24.4% of women who had an EPDS score of over 10. Wisner et al.
(19.9%) and Lindahl et al. (20%) have observed similar results in American population (Lindahl et al.,
2005; Wisner et al,. 2013). We also observed increased risk of suicidal ideations in women carrying T
allele of MTHFR C677T gene. To the best of our knowledge this is the first report of such association.
Recent studies have reported the role of polymorphisms in oxytocin receptor gene, CD38, Monoamine
oxidase – A (MAO-A), Monoamine oxidase-B (MAO-B) and hypermethylation of TrK and Brain derived
neurotrophic factor (BDNF) gene to be associated with suicidality (Balestri et al., 2017; Lockwood et al.,
2015; Parris et al., 2018). None of the above studies targeted women in postpartum period. As suicides
represent second most common cause of mortality in the postpartum period (Appleby, 1998), and folate
supplementation can modulate the effect of MTHFR polymorphic variants, the observations of our study
might be useful in recognizing the severity of PPD.
We found that haplotype 677T-1298A to be associated with the risk of probable PPD. It also conferred a
high risk for suicidal ideation, whereas 677C-1298A was found to be protective against severe PPD. No
study to date has examined the association of these haplotypes with the risk and severity of depressive
symptoms in postpartum period.
On analyzing the association of MTHFR C677T and A1298C with circulating folate and vitamin B12
metabolites, we observed that the risk allele T of MTHFR C677T associated with higher levels of holotc
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and lower levels of vitamin B12 (Figure 1), whereas risk allele C of MTHFR A1298C associated with lower
holotc levels (Fig 2). Rise of holotc levels with the risk allele of MTHFR C677T might be interpreted as a
compensatory mechanism of the body to decreased vitamin B12 levels. The effect of MTHFR A1298C on
vitamin B12 and holotc levels need to be confirmed further in larger prospective studies.
Strength of this study is the inclusion of ethnically similar population (Dravidians), where all the women
received folate supplementation during pregnancy.
One limitation of our study is its cross-sectional nature. As, we could not follow these women for a longer
time; effect of MTHFR genotype on the progression of probable PPD could not be determined. Also, there
may be other social factors contributing to depression in postpartum period other than the ones collected
by us in the study, which may influence the results.

5. Conclusions
In conclusion, we observed T allele of MTHFR C677T and 677T-1298A compound genotype to be
associated both with the risk of developing probable depression and suicidal ideations in the postpartum
period. Haplotype 677C-1298A was protective against the risk of suicidal ideations. Risk allele T MTHFR
C677T was also associated with increased holotc levels and decreased vitamin B12 levels. These
preliminary results might carry a translational value in recognizing women susceptible to depression in
postpartum period and should be confirmed further in larger, prospective studies.
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Figures

Figure 1
Association of MTHFR C677T genotypes with the plasma levels of total vitamin B12 and
holotranscobalamin in postpartum women * Statistically significant P <0.05 using Kruskal – Wallis H
test; the box-plot represents inter quartile range with middle line representing the median values
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Figure 2
Association of MTHFR A1298C genotypes with the plasma levels of total vitamin B12 and
holotranscobalamin in postpartum women * Statistically significant P <0.05 using Kruskal – Wallis H
test; the box-plot represents inter quartile range with middle line representing the median values
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