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Abstract
Background 

An important biological factor suggested in the pathophysiology of (recurrent) Major Depressive 

Disorder (MDD) concerns a polymorphism in a gene encoding for the MTHFR enzyme of the one-

carbon (1-C)-metabolism. Integratively investigating key 1-C-components (folate, homocysteine, 

vitamin B
6
 and B

12
), including the possible effects of antidepressant medication and depressive 

state, could provide more insight in the possible association between the MTHFR-polymorphism 

and recurrent MDD. 

Methods  

We compared the MTHFR C677T-polymorphism together with the key 1-C-components in clini-

cally ascertained patients with recurrent MDD (n=137) to age- and gender-matched healthy 

controls (n=73). 

Results

First, patients had lower folate (t=2.25; p=.025) as compared to controls; a difference that 

resolved after correction for demographics (t=1.22; p=.223). Second, patients that were de-

pressed during sampling had lower vitamin B
6
 (t=-2.070; p=.038) and higher homocysteine 

(t=2.404; p=.016) compared to those in remission. Finally, current use of antidepressants had 

no influence on the 1-C-components.

Conclusions

Despite investigation of a specific recurrently depressed patient population, we found no clear 

associations with the 1-C-cycle, except for higher homocysteine and lower vitamin B
6
 during the 

depressed state. This suggests that 1-C-cycle alterations in MDD are state-associated, possibly 

resulting from high levels of acute (psychological) stress, and may provide a treatment target to 

reduce cardiovascular risk in this population.

Clinical Trial registration

ISRCTN 68246470 http://www.controlled-trials.com/ISRCTN68246470/bockting
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1 Introduction 
Major depressive disorder (MDD) is a common psychiatric disorder with high morbidity, economic  

burden and rates of completed suicide 1, 2, 3. Biological studies in MDD-patients, MDD-remitted 

patients, their family members and persons at MDD-risk showed that metabolic and hormonal 

disturbances observed in MDD are also present preceding, and subsequent to the depressed 

state or episode, suggesting heritable traits 4, 5, 6, 7, 8. This may particularly hold true for the severe 

and recurrent form of MDD, considering its higher heritability than mild, moderate and/or single 

episode forms of MDD 9, 10. More knowledge on neurobiological and genetic factors of MDD  

may lead to (I) better understanding of MDD’s nature and course, and thereby to improved  

(II) prevention and (III) treatment 12, 13, 11.

 

An important biological factor suggested in MDD concerns genetic variation in the folate  

metabolism [see figure 1] 14, 15. Folate functions as an essential coenzyme in one carbon 

transfers, which are crucial for methylation processes such as (I) metabolism of amino acids,  

phospholipids and neurotransmitters, and (II) DNA-synthesis, -repair and -methylation. A link 

between the folate-/methylation cycle [labelled as the one-carbon (1-C) cycle] and MDD seems 

biologically plausible 16. 5-Methyltetrahydrofolate (5-MTHF), the pre-dominant circulating form 

of folate, donates a methyl group to homocysteine during generation of S-adenosylmethionine 

(SAMe), the major source of methyl groups in the brain. Therefore, genetically determined 

changes in the activity of 1-C-cycle enzymes like 5,10-methylenetetrahydrofolate reductase 

(MTHFR) may contribute to disturbances in neurocognitive functioning and mood regulation,  

predisposing to development and adverse course of MDD 17, 18.

 

The common single base 677C→T mutation of the gene encoding the enzyme MTHFR is asso-

ciated with reduced activity and so with decreased methylation capacity 19. This is associated 

with a pattern of significant elevation in circulating homocysteine and a decrease in serum 

folate concentrations 20, which may parallel a similar 5-MTHF reduction in the central nervous 

system (CNS). Considering the role of these folic metabolic pathway-alterations in the brain, 

the 677C→T MTHFR-mutation could be one of the explanations for the heritable and recurrent 

nature of MDD 21, 14, 22, 23.

Two meta-analyses indicated that the MTHFR TT-homozygous genotype increases MDD- 

risk 24, 25. However, two other meta-analyses found no association between the MTHFR-gene 

variants and MDD 26, 27. A recent meta-analysis of all published case-control studies investigating 

MTHFR C677T in 9648 patient and 19,854 control subject showed that carriers of the T-allele  
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Figure 1
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and TT-genotype are at a small (odds ratio=1.26) but significant increased risk of major  

psychiatric disorders like schizophrenia, bipolar disorder and unipolar MDD 28. Recently we found 

a gene by environment interaction between the MTHFR-gene and traumatic childhood events on 

recurrence in MDD. T-allele carriers were at increased risk for future depressive symptoms after 

exposure to childhood trauma 29. So, thus far, data linking polymorphisms in the MTHFR-gene 

with MDD are still contradictory. 

Another inconsistent pattern emerges when looking at the associations between MDD and 

four key constituents of the 1-C-cycle: homocysteine, folate, vitamin B
6
 and vitamin B

12
. Both 

high homocysteine 30, and low folate have been linked with MDD 14, 31. There is also evidence  

suggesting that vitamine B
6
 14, 31 and vitamin B

12
 32 may be associated with MDD-symptoma-

tology. Nevertheless, thus far, no consistent associations are found between these 1-C-cycle 

components and MDD-symptomatology 31, 33, 34, 35, 36.

Several methodological issues may explain these inconsistencies; such as heterogeneous  

populations, small sample sizes and non-uniformity in diagnostic measures (e.g. DSM-IV  

diagnosis versus severity of depressive symptoms). For example, the association of MTHFR- 

polymorphisms with MDD may be stronger for the recurrent and more heritable type of MDD, 

which might indicate that the MTHFR 677T-genotype is in particular related to recurrency.  

However, to our knowledge, the association of MTHFR with recurrent MDD in particular has 

not yet been investigated. Moreover, most genetic MTHFR-studies in patients with MDD did 

not measure all four 1-C-cycle key components simultaneously. It is also unclear whether 

1-C component alterations are state-dependent or rather consistent throughout the course of  

(recurrent) MDD. Furthermore, the role of antidepressant (AD)-use is not accounted for in most 

studies examining the MTHFR-genotype in MDD, despite AD’s effect on folate metabolism  

in depression 37. For example, selective serotonin re-uptake inhibitors (SSRIs) may reduce  

oxidative stress effects (e.g. lipid peroxidation and superoxide dismutase activity) in depressive 

patients 38, which could possibly result in 1-C metabolism alterations 39.

Integratively investigating 1-C components (folate, homocysteine, vitamin B
6
 and B

12
), while  

including possible effects of AD-medication and depressive state, could provide more insight in 

the possible association between the MTHFR C677T-polymorphism and recurrent MDD. There-

fore, we examined the MTHFR C677T-polymorphism together with 1-C-cycle components in 

patients with recurrent MDD (n=137) and compared these to age- and gender-matched healthy 

controls (n=73).
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We hypothesized that: (I) MTHFR 677TT- and the 677CT-genotypes are present more frequently  

in recurrent MDD-patients than in healthy controls; (II) Recurrent MDD-patients have lower 

folate, vitamin B
6
 and B

12
 and higher homocysteine compared to controls; (III) T-carrying patients 

have more pronounced alterations; (IV) differences in metabolites are more clearly expressed in 

the depressive state compared to the remitted state; and finally, (V) patients using antidepres-

sants have lower homocysteine and higher folate, vitamin B
6
 and B

12
 compared to patients not 

using antidepressants.  

2 Methods
2.1 Study population

The current study was part of the DELTA-study, a randomized clinical trial investigating the  

effect of 8-week cognitive therapy on recurrence in euthymic patients with ≥2 previous major 

depressive episodes (MDEs) in the last five years. Among the exclusion criteria were current or 

previous mania or hypomania (bipolar disorder), any psychotic disorder (current or previous),  

alcohol or drug abuse and predominant anxiety disorder. Participants were recruited from  

psychiatric centers and through media announcement. Since neither type of aftercare, nor AD 

use, was an inclusion or exclusion criterion for the study, with respect to these characteris-

tics, the DELTA-sample can be considered representative for patients suffering from recurrent 

depression. The background and methodology of the DELTA-study is described in more detail 

previously 40.

At 2-years follow up of the original trial, we invited patients to participate in the present biologi-

cal sub-study. Although all patients were in remission at inclusion in the original trial, at 2-years 

they could be depressed (due to a MDD-recurrence) or in remission during blood sampling. 

We also recruited age- and gender-matched healthy control subjects, without a personal and/

or family history of major depression, through a diversity of media approaches. All participants 

provided written informed consent prior to enrolment. The ethics committee of the Academic 

Medical Center of the University of Amsterdam approved the study.

2.2 Measurements

2.2.1 Blood samples and biochemical analysis

We collected blood samples at patient’s home; control subjects came to the hospital. Each  

subject had 20ml of blood taken by venipuncture in a non-fasting state. We determined  

serum folate and vitamin B
6
 and B

12
 using an immunoassay. We separated plasma homocys-

teine within 4h of collection and stored it at -80 °C until analysis of all samples. We determined  
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homocysteine with isocratic high-performance liquid chromatography (HLPC) electrospray  

tandem masspectrometry (MS-MS). Intra- and interassay coefficients of variaton, linear in range  

from 2 to 150 µmol/l, were within 3.6% and 4%, respectively.

We determined MTHFR C677T-genotype (rs1801133) by a polymerase chain reaction (PCR) 

and HinfI restriction enzyme digestion as described previously 41. In short, we isolated DNA 

from blood using a filter-based method (QIAamp DNA Mini Kit, Qiagen Ltd, United Kingdom). 

We designed PCR primers using Primer 3 (available at http://fokker.wi.mit.edu/cgi-bin/primer3/

primer3_www.cgi). PCR primer sequence was GGCAGGTTACCCCAAAGGC and TGGGGTGGAGG-

GAGCTTATG, PEX primer sequence GAGAAGGTGTCTLCGGGAG. We used a Matrix Assisted Laser 

Desorption Ionization Time Of Flight (MALDI-TOF) mass spectrometer from Bruker Daltonics. 

To increase reliability, we genotyped all samples in duplicate. Based on these duplicates, the 

genotyping error rate was 3.7% 29.

2.2.2 Ethnicity

To assess ethnicity, we asked participants for ancestry of their grandparents. We included  

participants with 4 grandparents of white European ancestry in the Caucasian sub-group 42.  

In case this procedure did not lead to a known ethnicity, e.g. due to unknown grandparents, we 

genetically ascertained ethnicity by typing 24 ancestry-informative autosomal SNPs and inferred 

continental ancestry from the genotypes using a supervised STRUCTURE approach where we 

used HGDP-CEPH samples as reference dataset 43. We performed and presented our analyses in 

the whole group, as well as in the Caucasian subgroup.

2.2.3 Depression characteristics 

2.2.3.1 Relapse/recurrence 

For the current study, depressive state was assessed with the Structured Clinical Interview 

for DSM-IV (SCID-I) 44 by trained SCID evaluators. These interviewers (psychologist/research  

assistants) were blind to treatment condition; subjects were instructed not to reveal treatment 

condition. All interviews were audio taped. Two independent experienced psychiatrists, blind to 

treatment condition, evaluated all occasions of participants meeting the DSM-IV criteria for MDD. 

In cases of disagreement, ratings of the psychiatrists were used. Kappa for inter-rater agree-

ment between the interviewers and psychiatrist on categorization of a relapse/recurrence or no 

relapse/recurrence was .96, indicating high agreement.
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2.2.3.2 Antidepressants

We assessed antidepressant (AD) use during sampling-time with the Trimbos/IMTA Self Report 

Questionnaire for Costs Associated with Psychiatric Illness (TIC-P) 45. Current antidepressant use 

was operationalized dichotomously (yes/no) during this assessment.

2.3 Statistical analysis

2.3.1 Data handling

To prevent bias possibly introduced by missing values we used multiple imputation, using the 

package Amelia II 46, as described previously 4. In the imputation procedure, we included the 

independent and dependent variables of our models, and other variables that correlated with 

these variables, e.g. other biological parameters. This resulted in five imputed datasets on which 

we performed subsequent analyses.

Vitamins and homocysteine showed normal distributions after log transformations, which were 

used in the analyses throughout, except for vitamin B
12

. The MTHFR C677T polymorphism  

variable was dichotomized into “T-carriers” (T allele carriers: MTHFR 677TT and 677CT) and 

“non-T-carriers” (677CC) groups.

2.3.2 Hardy-Weinberg Equilibrium 

To test for deviation from Hardy-Weinberg Equilibrium (HWE) in controls, a pooled chi-square 

test 47 was calculated with a calculating program, available on http://www.oege.org/software/

hwe-mr-calc.html.

2.3.3 Subject characteristics 

Patients’ and controls’ baseline characteristics were compared using χ2 and student’s t-test 

statistics. 

In subsequent analyses we adjusted for confounders using propensity scores. Propensity scores 

are a way to correct for multiple confounders, while retaining adequate power in the analysis 48.  

Propensity scores are calculated for each analysis separately. They reflect the predicted  

probability far a given case to belong to a certain group of interest (e.g. patient or control),  

calculated in a binary logistic model with the chosen confounders as predictors. We calculated  

a propensity score (PS1) for comparisons between patients and controls that corrects for  

demographic  variables: educational level (low, middle, high), marital status, social economic  

status and  smoking behaviour for both patients and controls 14, 30, 49. We created an additional  
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propensity score (PS2) to adjust effect estimates in the patient analyses, which, in addition to the  

confounders in PS1, also correct for the disease-related variables: age of MDD-onset, number 

of depressive episodes in the last 2 years, life events before the age of 16, HDRS score and 

current AD use.

2.3.4 Comparison of recurrent MDD-patients and controls on 1-carbon metabolite 

concentrations

Differences between the recurrent MDD-patient- and control group were assessed with  

linear regression analyses with 1-carbon metabolite concentration as dependent and “group” 

(recurrent MDD-patients or controls) as independent variable. In all analyses we corrected for 

potential confounding demographic variables available for both patients and controls using PS1. 

We did not correct for variables of which we suspect to be an intermediate step in the causal 

path (e.g. waist circumference) 50.

2.3.5 Effect of depressive state

To detect differences between currently depressed MDD-patients and non-depressed patients, 

we performed linear regression analyses with 1-carbon metabolite concentration as dependent  

and “state” (currently depressed MDD-patients or euthymic MDD-patients) as independent  

variable. In this comparison we corrected for PS1 and PS2.

2.3.6 Effect of antidepressant (AD) use

Differences between patients who are currently AD-users and those without AD-medication were 

assessed with linear regression analyses with 1-carbon metabolite concentration as dependent 

variable and “AD-use” (current AD use or non-AD use) as independent variable. In this compa-

rison we corrected for PS1 and PS2.

2.3.7 Comparison of T-carriers and non-T carriers on metabolite concentrations in 

MDD-patients

For each metabolite, the effect of MTHFR-polymorphism on the concentration was assessed with 

linear regression analyses with metabolite concentration as dependent variable and MTHFR-

polymorphism as predictor.

We used PASW statistics 18.0 (SPSS, Inc., 2009, Chicago, IL). For estimates that could not 

be pooled by SPSS, we combined separate significance tests for the five imputed datasets 

into one pooled test with an SPSS macro from Van Ginkel (2006) 51 following Rubin’s rules 52.  
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We considered p<.05 statistically significant. In line with previous research 22, 29 and because our 

tests were hypothesis based, we chose not to correct for multiple testing. 

3 Results
Of the 172 patients of the original trial, 137 participated in the current study at 2-years follow-up. 

Of the 35 patients that were not assessed; 15 (8.7%) were lost to follow-up, and the remaining 

patients (11.6%) did not participate due to diverse reasons (e.g. being afraid of needles, ethical 

issues regarding genetic studies). In addition, seventy-three controls were included in this study. 

Of the 137 included patients, one reported non-Caucasian ethnicity and 6 had missing ethnicity. 

Of the 73 included controls, one reported non-Caucasian ethnicity and 21 had missing ethnicity. 

Genetic ancestry analyses showed that all missing patient ethnicities were Caucasian, while of 

the missing controls ethnicities two individuals showed admixture between Western Eurasia and 

E-Asia/Native America, and one seemed more admixed with a stronger E-Asian component but 

also showing admixture from other regions. C677T-polymorphism genotype frequency distribu-

tion was in Hardy-Weinberg equilibrium (HWE) in controls (F (1,4218)=.049, p=.48).

Of the 137 patients who responded and provided a blood sample, no values could be ob-

tained for respectively: folate (n=1); vitamin B
6
 (n=4); vitamin B

12
 (n=1), homocysteine (n=5) 

and MTHFR-genotyping (n=5). Of the 73 controls, no values could be obtained for respectively; 

folate (n=6), vitamin B
6
 (n=3), vitamin B

12
 (n=4), homocysteine (n=10) and MTHFR-genotyping 

analyses (n=3). These missing values were all due to technical reasons. Standard diagnostics of 

Amelia II suggested successful multiple imputation. 

3.1 Participant characteristics

Demographics and psychopathological characteristics are depicted in table 1. As expected, 

there were no statistically significant differences in gender or age between patients and controls. 

Most patients were currently recovered (81%) from depression while one in five was depressed 

at the time of sampling. Selective serotonin reuptake inhibitors (SSRIs) were the most commonly 

described ADs (64 %).
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Table 1: Subject Characteristics

Characteristic
Patients  
(n = 137)

Controls 
(n = 73) p Value

Sex (M/F) 36/101 22/51 .551

Age, mean (SD), year 46.4 (9.5) 44.7 (9.4) .205

Educational levela <.001

  - Low, % 33.3 5.2

  - Middle, % 31.2 22.5

  - High, % 35.5 72.3

Single, % 38.4 30.1 .265

Social classb <.001

  - Class 1, % 55.0 11.2

  - Class 2, % 32.0 52.1

  - Class 3, % 13.0 36.7

Smoking, % 39.4 49.0 .211

BMI, mean (SD) 26.0 (4.8) 24.8 (3.5) .062

Waist circumference, mean (SD), cm 89.3 (13.9) 84.9 (12.1) .025

In Caucasian subset, % 99.3 91.8 .047

AD-use during sampling,  % 62.8 NA

- of which SSRIs, % 64.0 NA

Received cognitive therapy, % 54 NA

HDRS17 score, mean (SD) 5.9 NA

Number of previous episodes, mean (SD) 7.7 NA

Depressed during sampling, % 19 NA

Age of first onset, years 28.4 NA

Psychiatric diseases first relatives (%) 68 NA

Abbreviations - AD = antidepressant (missing n=5); HDRS = Hamilton depression rating scale;  
SSRI = Selective Serotonin Reuptake Inhibitor.
a  Educational level is defined as: low, primary education or preparatory middle-level applied education; 

middle, higher general continued education or middle-level applied education; and high, preparatory 
scientific education, higher applied education or scientific education.  

b  Class 1, e.g. cleaner; Class 2, e.g. nurse; Class 3, e.g. general manager. Group comparisons were 
calculated using students-t tests, χ2 test of Fisher exact test.

3.2 MTHFR-genotype in patients and controls

Frequency of the T-carrying genotype did not differ between patients and controls (p=.856).  

Triallelic distributions also showed no significant (p=.576) differences: 677TT-genotype  
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(patients 12.3% vs. controls 8.5%), 677CT-genotype (patients 41.2% vs. controls 47.4%) and 

677CC (patients 46.6% vs. controls 44.1%). The MTHFR 677TT was 45% more prevalent in the 

MDD-patients than in controls.

3.3 1-C components in patients and controls

Homocysteine, vitamin B
6
 and B

12
 were not statistically different between the recurrent MDD-

patients and their controls (table 2). Patients had significantly lower folate compared to controls 

(t=2.25, p= .025). This difference was no longer significant after adjustment for demographic 

confounders (t=1.22, p= .223).

Table 2: Plasma concentrations of metabolites of the one-carbon cycle:  

patients with recurrent depression (n = 137) and controls (n = 73) 

Uncorrected Caucasian

Patients Controls t p t p

Folateb ± SE 3.12 ± 
0.03

3.23 ± 
0.04

2.25 .025 2.13 .034

Vitamin B
6

b ± SE 4.37 ± 
0.05

4.49 ± 
0.07

1.33 .183 1.59 .112

Vitamin B
12

 ± SE 314.1 ± 
10.6 

304.0 ± 
14.7

-0.06 .580 -0.62 .537

Homocysteineb ± SE
2.23 ± 
0.03

2.30 ± 
0.04 1.64 .100 1.56 .119

Correcteda Caucasian

Patients Controls t p t p

Folateb ± SE 3.14 ± 
0.03

3.20 ± 
0.04

1.22 .223 1.11 .267

Vitamin B
6

b ± SE 4.37 ± 
0.05

4.49 ± 
0.08

1.26 .209 1.49 .137

Vitamin B
12

 ± SE 310.3 ± 
11.2

311.0 ± 
16.0

0.03 .973 -0.01 .996

Homocysteineb ± SE
2.23 ± 
0.03

2.30 ± 
0.04 1.41 .160 1.31 .191

a  Corrected for educational level, social economic status, smoking and marital status. 
b  Log transformed.
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3.4 Relation between 677T-carrying genotype and 1-C components 

Homocysteine, vitamin B
6
 and B

12
 concentrations were not statistically different between  

T-carrying and non-T-carrying patients (see Table 3). Folate concentrations of 677T-carrying 

patients were 3.070 ± 0.04; in non-T-carrying patients 3.168 ± 0.04 (t=1.77, p=.078).

Table 3: Plasma concentrations of metabolites of the one-carbon cycle:  

patients with recurrent depression with a T-carrying 5,10-methylenetet-

rahydrofolate reductase (MTHFR) genotype (n = 71) vs. a non T-carrying 

MTHFR genotype (n = 66) 

Caucasian subset

T-carrying Non-T-carrying t P t P

Folatea ± SE 3.070 ± 0.04 3.168 ± 0.04 -1.766 .078 -1.801 .072

Vitamin B
6

a ± SE 4.364 ± 0.07 4.353 ± 0.07 -0.110 .912 -0.204 .839

Vitamin B
12

 ± SE 306.5 ± 15.2 321.8 ± 15.8 -0.694 .488 -0.746 .456

Homocysteinea ± SE 2.267 ± 0.04 2.196 ± 0.04 1.346 .179 1.396 .163

a Log transformed.

3.5 Depressive state and 1-C components

Patients being in a Major Depressive Episode during blood sampling had lower vitamin B
6
 and 

higher homocysteine concentrations, compared to patients in remission (table 4). This difference 

remained significant after correction for demographic factors, also in the Caucasian subset. 

Additional correction for clinical variables resolved significance, although differences remained 

relatively similar - particularly for vitamin B
6
. 
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Table 4: Plasma concentrations of metabolites of the one-carbon cycle:  

currently depressed patients (n = 26) vs. remitted patients (n = 111);  

uncorrected and corrected for confounders 
Uncorrected Caucasian subset

Depressed Remitted t P t P

Folatec ± SE 3.048 ± 
0.06

3.134 ± 
0.03

-1.215 .224 -1.228 .219

Vitamin B
6

c ± SE 4.141 ± 
0.12

4.409 ± 
0.06

-2.070 .038 -2.118 .034

Vitamin B
12

 ± SE 304.8 ± 
25.0

315.9 ± 
12.1

-0.399 .690 -0.423 .672

Homocysteinec ± SE
2.359 ± 
0.06

2.203 ± 
0.03 2.404 .016 2.425 .015

Correcteda Caucasian subset

Depressed Remitted t P t P

Folatec ± SE 3.041 ± 
0.07

3.135 ± 
0.03

-1.281 .200 -1.288 .198

Vitamin B
6

c ± SE 4.120 ± 
0.12

4.414 ± 
0.06

-2.150 .032 -2.183 .029

Vitamin B
12

 ± SE 308.2 ± 
26.3

315.1 ± 
12.3

-0.234 .815 -0.251 .802

Homocysteinec ± SE
2.362 ± 
0.06

2.202 ± 
0.03 2.333 .020 2.345 .019

Correctedb Caucasian subset

Depressed Remitted t P t P

Folatec ± SE 3.038 ± 
0.08

3.136 ± 
0.03

-1.120 .263 -1.236 .217

Vitamin B
6

c ± SE 4.108 ± 
0.14

4.417 ± 
0.06

-1.907 .057 -1.949 .051

Vitamin B
12

 ± SE 305.7 ± 
30.2

315.7 ± 
12.8

-0.289 .773 -0.110 .913

Homocysteinec ± SE
2.307 ± 
0.07

2.215 ± 
0.03 1.142 .254 1.317 .188

a  Corrected for age, sex, educational level, social economic status, smoking behaviour and marital status. 
b  Corrected for age, sex, educational level, social economic status, smoking behaviour and marital status, 

age of MDD-onset, number of episodes last 2 years, life events before the age of 16, and current AD 
use.

c  Log transformed.
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3.6 Influence of antidepressant use

Current antidepressant use was not associated with 1-C cycle alterations (p’s all >.157;  

supplementary table).

Supplementary table: Plasma concentrations of metabolites of the one-

carbon cycle:  patients with recurrent depression currently using anti-

depressants (AD) (n = 51) vs currently not using AD (n = 86); uncorrected 

and corrected for confounders and HDRS-scores 
Uncorrected Caucasian subset

AD No AD t P t P

Folatec ± SE 3.084 ± 
0.03

3.174 ± 
0.04 

-1.616 .106 -1.666 .096

Vitamin B
6

c ± SE 4.316 ± 
0.06

4.430 ± 
0.08

-1.086 .278 -1.211 .226

Vitamin B
12

 ± SE 310.7 ± 
13.8

319.0 ± 
17.8

-0.369 .712 -0.436 .663

Homocysteinec ± SE
2.263 ± 
0.03

2.181 ± 
0.04 1.557 .119 1.626 .104

Correcteda Caucasian subset

AD No AD t P t P

Folatec ± SE 3.088 ± 
0.04

3.168 ± 
0.05

-1.368 .171 -1.420 .156

Vitamin B
6

c ± SE 4.323 ± 
0.07

4.417 ± 
0.09

-0.845 .398 -0.981 .327

Vitamin B
12

 ± SE 309.2 ± 
14.0

321.6 ± 
18.5

-0.527 .598

Homocysteinec ± SE
2.254 ± 
0.03

2.197 ± 
0.04 1.016 .310 1.085 .278

Correctedb Caucasian subset

AD No AD t P t P

Folatec ± SE 3.086 ± 
0.04

3.170 ± 
0.05

-1.415 .157 -1.469 .142

Vitamin B
6

c ± SE 4.326 ± 
0.07

4.412 ± 
0.09

-0.771 .441 -0.909 .363

Table is continued on the next page >
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Vitamin B
12

 ± SE
309.8 ± 
14.1

320.6 ± 
18.6 -0.454 .650 -0.534 .594

Homocysteinec ± SE 2.252 ± 
0.03

2.201 ± 
0.04

0.923 .356 0.991 .322

a  Corrected for age, sex, educational level, social economic status, smoking behaviour and marital status
b  Corrected for age, sex, educational level, social economic status, smoking behaviour and marital status, 

age of MDD-onset, number of episodes last 2 years, life events before the age of 16, HDRS score
c  Log transformed.

4 Discussion
We studied the MTHFR gene and four key components of the one-carbon-cycle (folate,  

homocysteine, vitamin B
6
 and B

12
) in a sample of patients with recurrent MDD, and made  

a comparison with controls. Our hypotheses were only partially confirmed. We found that the 

genotype distribution did not significantly differ between both groups, although the MTHFR 

677TT-genotype was 45% more prevalent in MDD-patients than in controls. We found no differ-

ences in vitamin B
6
, vitamin B

12
 and homocysteine levels between T-carrying vs non-T-carrying 

MDD patients. We observed lower folate in patients compared to controls, but this difference  

dissolved after correction for demographics. Furthermore, results partially confirmed our  

hypothesis of an influence of depressive state, in that patients who were depressed during 

sampling we found lower vitamin B
6
 and higher homocysteine compared to those in remission. 

Finally, current AD-use was not associated with 1-C-cycle alterations.

So, even in this specific, severely affected population of MDD-R patients, results were in line 

with earlier reports that showed no consistent abnormalities in MTHFR-genotype and 1-C-cycle  

metabolism. Nevertheless, some 1-C-cycle involvement in certain MDD-R aspects cannot be 

ruled out. For example, the 45% increased TT-genotype prevalence suggests that in interaction 

with other genes and/or environmental factors it might increase MDD-R vulnerability 41. How-

ever, both biallelic and triallelic genotype distributions were not significantly different between 

patients and controls. This may be due to relatively small numbers carrying the TT-genotype. 

Meta-analysis of future studies also in specific very high-risk clinical samples is needed to rule 

out the possibility that MTHFR is involved in MDD-R. 

Of interest, folate concentrations of 677T-carrying patients were lower than in non-T-carrying 

patients. While this difference was not significant (p= .078), the direction was in line with our 

hypothesis. Cohen’s d for this effect was 0.304, indicating that possibly a small effect has failed 

to reach significance due to relatively low power, inherent to research in such a specific clinical 
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sample. This would be in accordance with a previous study, which showed a trend of an effect 

of T-allele on lower folate 22. Interestingly, low folate has been associated with MDD-severity and 

prolonged MDD-episodes 23. However, on the basis of our data and previous research, we refrain 

from drawing firm conclusions.

With regard to our second hypothesis, results showed lower concentrations of folate in  

patients compared to controls. The fact that this effect vanished after correction for demo-

graphic confounders implies it is mainly caused by environmental factors, e.g. diet. However, 

lower observed folate in patients may remain important in explaining increased cardiovascular  

risk. We observed no differences in the other 1-C-cycle metabolites between patients and 

controls. Overall, previous studies also showed considerable variation in strength and degree 

of associations between folate, homocysteine, B
6
 and B

12
 vitamins and MDD and depressive  

symptoms. Clinical studies linked folate deficiency, low folate status, or high homocysteine  

to MDD with persistent depressive symptoms 53, 21 , especially in elderly people 54. In the 

largest sample examined to date concerning psychiatric symptomatology, a cross-sectional  

study of 11,757 participants, a significant positive relationship was found between elevated  

homocysteine and current depressive symptoms 55; elevated homocysteine was associated  

with 26% greater odds of currently experiencing depressive symptoms. However, Penninx et 

al. 33 found no association between folate and homocysteine and MDD. In addition, Morris  

et al. 30 observed that homocysteine was not associated with MDD-diagnosis in young popula-

tions. Some of the reported variation in these associations may be attributed to geographical, 

dietary habits, and genetic differences between various populations. However, data from our 

fourth hypothesis suggest clinical characteristics may play a role as well.

Because notably, this hypothesis was partially confirmed by the finding that patients who  

were depressed during sampling had higher homocysteine and lower vitamin B
6
 compared to  

those in remission. Differences remained after correction for demographic confounders, and  

although statistical significance was lost after correction for clinical characteristics (p= .051),  

differences remained similar. This suggests that significance loss was mainly due to reduced  

power as a result of included confounders (despite use of propensity scores to correct for 

multiple confounders while retaining power). This difference in homocysteine and particu- 

larly vitamine B
6
 between patients who were depressed during sampling as compared to those 

who were in remission, may imply that 1-C-cycle metabolites alterations represent a state, 

only present during a high level of experienced depressive symptoms. Depressive state, and  

accompanying (psychological) stress, could adversely influence life-style (e.g. dietary intake) and 
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thereby result in lower circulating vitamin B
6
 and higher homocysteine. Importantly, vitamin B

6
 

has pathophysiological roles that could underlie a relation with MDD in that (I) its primary biologic 

form, pyridoxal 5´-phosphate, is a cofactor in neurotransmitters synthesis, including serotonin, 

and (II) it was inversely associated with systemic markers of inflammation and oxidative stress 

independently of intake and plasma homocysteine 56, 57. 

With regard to the effect of AD-use, results were contradictory to our fifth hypothesis: observed 

trends of lower folate and higher homocysteine in AD-users, which disappeared after correction. 

This may suggest that observed trends were caused by confounding effects due to the fact that 

patients who need AD are generally more ill than those who do not use ADs. This implies that 

possible protective AD-effects, although unlikely and presumably small, could have been masked 

by AD-related clinical confounders. Comparably, AD-use in patients may have distorted differ-

ences in 1-C-cycle components between patients and controls. Future RCT’s could provide more 

clarity about AD-influence on the 1-C-cycle in recurrent MDD.

Interestingly, overall, differences found in this study are smaller than expected on the basis 

that we compared high-risk recurrence MDD-patients with controls, where we hypothesized the 

greatest contrast would be because recurrent MDD is a more heritable and so presumably more 

biologically determined type of MDD. This could mean that differences in previous studies may 

relate to MDD in general and are not specific related to more severe MDD-types. 

The small 1-C-cycle alterations, mostly disappearing after correction, were found to be state-

dependent. So rather than being the cause, the alterations may probably be consequence of 

the disease. This would be in accordance with earlier studies suggesting that the relationship 

between e.g. folate and MDD is state-dependent 16. This would imply associated alterations in 

appetite, food intake and overall lifestyle. Moreover, this could be a possible provocative mecha-

nism whereby (psychological) stress during the depressive state may contribute to the initiation 

and/or progression of a more deleterious MDD-course and increased cardiovascular risk. 

Our study has several limitations including the one-time sampling of the 1-C components. Also, 

data on diet, vitamin and other supplementations were not available at sampling time.  Further-

more, our samples were neither drawn in the fasting state nor at a specific daily time. Another 

limitation is the possibility of selection bias because the final sample contained 137 patients of 

the 172 patients from the original trial. We lost a small part to follow up and the rest to a diversity 

of reasons (e.g. genotyping failure, being afraid of needles, ethical issues concerning genetic 



17
4

Time after Time; biological factors in the course of recurrent depression

study). However, patients of the final sample did not differ on the main clinical variables from 

those excluded from the analyses. This reduces the likeliness that this selection of 137 patients 

out of the original sample induced any additional selection bias.

Finally, although we used multiple imputation to reduce bias introduced by missing values,  

it could still have been that missing values influenced our results. However, most missing data 

in our study is missing completely at random, e.g. due to laboratory or logistic accidents, which 

in any case would not result in biases 58. Furthermore, bias by missing values would not easily 

explain the observed results. However, replication of our findings would strengthen the evidence.

In spite of these limitations, our study is unique at providing the opportunity to investigate the 

role of the 1-C-cycle including the MTHFR-genotype, in a well described and diagnostically  

assessed clinical sample of recurrent MDD-patients. In addition, these patients can be  

considered characteristic for those patients particularly causing the large MDD-associated  

burden of disease and of clinical relevance. More specific, seen as representatives of a more 

biologically determined MDD-subtype, findings in these patients may be specifically linked to 

recurrence and CVD-risk. 

In sum, although the role of MTHFR-genotype and 1-C-components was not clearly supported in 

our study with a high-risk population, we observed that higher homocysteine and lower vitamin 

B
6
 was associated with depressive state. Acute (psychological and associated oxidative) stress 

may induce a (transient) increase in homocysteine 59 and decline of vitamin B
6
.  Whatever the 

reason of altered 1-C-concentrations, e.g. a shared (patho)physiological mechanism combined 

with changed lifestyle, they are associated with a worse course of recurrent MDD. Our study 

does not permit causal inferences and the relationship between the 1-C-cycle components and 

affective state has to be prospectively further investigated in the course of MDD. Nevertheless, 

interference with 1-C-cycle components modifying or correcting the alterations may counterbal-

ance negative effects in the recurrent course of MDD, e.g. in sub-groups of patients. Moreover, 

we should study and thereby differentiate influences of environment, genetics and stress on the 

1-C-cycle.
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