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Abstract

Brain-derived neurotrophic factor (BDNF) polymorphisms have been examined for their 

contribution to depression with equivocal results. More homogeneous phenotypes might be used 

to improve our understanding of genetic liability to depression. The aim of our study was to 1) test 

for association between BDNF Val66Met polymorphism and childhood onset melancholic 

depression and 2) to examine the interactive effects of stressful life events (SLE) and the 

Val66Met polymorphism on the risk of childhood onset melancholic depression.

Materials and Methods—583 depressed probands were involved in this study (162 of the 

melancholic subtype). Diagnoses were derived via the Interview Schedule for Children and 

Adolescents - Diagnostic Version and life event data were collected by means of an Intake 

General Information Sheet

Results—27.8% of the participants met criteria for melancholy. In the melancholic group the 

proportion of the females was higher (53.1%), though there were more males in the overall 

depressed sample. We detected no significant differences in genotype or allele frequency between 

the melancholic and the non-melancholic depressed group. BDNF Val66Met polymorphism and 

stressful life event interaction was not significantly associated with the melancholy outcome.

Conclusion—In our study, females are more prone to develop the early-onset melancholic 

phenotype.

To our knowledge, this is the first study to investigate the differentiating effect of the genotype 

and the G×E interaction on melancholic phenotype in a large sample of depressed young patients. 
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We didn’t find association between the melancolic subtype of major depression and the BDNF 

genotype and stressful life event interaction in this sample, which is representative to the 

Hungarian clinic-referred population of depressed youths.
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INTRODUCTION

It is well documented that MDD is caused by numerous interacting genetic and non-genetic 

factors (e.g. Ebmeier et al., 2006). Indeed, there is fairly consistent evidence that childhood 

onset depression (COD) has familial determinants (Rice et al., 2002). For example, in a 

large twin study the hereditability for MDD was 29% in males and 42% in females, 

respectively (Kendler et al., 2006).

Furthermore, numerous candidate genes have been studied as potential risk factors for COD 

(Rice, 2010), including the BDNF locus. BDNF Val66Met is a single nucleotide 

polymorphism (SNP) of nucleotide 196 in exon 5, resulting in a Val/Met amino acid change 

in codon 66, affecting the pro-BDNF sequence, with no functional effect on the mature 

BDNF, but causing changes in its cellular transport and secretion. The encoded protein is a 

neurotrophin, playing a role in hippocampal dendritic morphology and synaptic function. It 

has been implicated in depression, evidenced by decreased hippocampal volume and 

hippocampal and serum BDNF levels associated with the disease. (Savitz and Drevets, 

2009; Srijan et al., 2008, Cardoner et al. 2013). The presence of the Val66Met Met allele has 

been associated with inefficient secretion of BDNF regardless of gender (Egan et al., 2003; 

Ozan et al., 2010) and decreased serum BDNF levels were found in patients with depression 

(Ozan et al., 2010).

In a sample of adults with a history of childhood onset mood disorder (COMD) (Strauss et 

al., 2004) the BDNF Val66Met-(GT)n two marker Val/short (<170 bp) haplotype was 

associated with COMD, but no significant association was found between the examined 

BDNF polymorphisms and childhood-onset mood disorder by allelic or genotypic analysis. 

In another study, the same authors examined a sample of 258 Hungarian trios including 

juvenile probands with COMD and found the BDNF Val66Met Val allele to be associated 

with the disorder (Strauss et al., 2005). Importantly, the present study is performed on a 

subset of the same Hungarian sample.

Noteworthy, a meta-analysis of Chen et al. (2008) did not confirm the association between 

Val66Met polymorphism and depression. Also, in contrast to the often reported association 

between the BDNF polymorphism and depression, the meta-analysis of Verhagen et al. 

(2010) suggests only a gender-dependent role of the polymorphism in the development of 

depression, as significant association was found only in males.
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One of the causes of the currently inconsistent findings could be that MDD as defined in 

DSM IV is a heterogeneous disorder with regard to etiology, symptoms and level of 

functioning and response to treatment (Domschke et al., 2010).

One of the clinical subtypes of MDD that showed distinct clinical (Kessler et al., 1997b) and 

biochemical (Maes et al., 1990) features was melancholic depression (Gold et al. 2002). 

Schotte et al. (1997) provided the validation through cluster analysis of melancholic and 

non-melancholic subtypes of unipolar depression.

A promising attempt has been made currently to determine the nosological status and 

diagnostic strategies to melancholia (Parker and Paterson, 2014). Furthermore several 

biological markers have been suggested to identify this putative endophenotype. The 

preliminary results of Bracht et al., (2013) suggest that the melancholic subtype of MDD is 

characterized by white matter microstructure alterations of the medial forebrain bundle 

compared to healthy controls, while it did not differ between the controls and the overall 

MDD sample. Though some studies claim that psychomotor retardation is a feature of 

depression (Widlöcher et al., 1983, Dantchev 1998), some authors suggested that 

psychomotor retardation allows determining putative endophenotypes such as melancholy 

(Bennabi et al., 2013, Parker et al., 1996). Preliminary evidence suggests that genetic factors 

may discriminate melancholic and non-melancholic depression in a putatively interesting 

preliminary study of Quinn et al., (2012) with low sample size. The authors (Quinn et al. 

2012) found that the BDNF rs6265 Met allele predisposes non-melancholic depression and 

the interaction of the BDNF rs6265 Met allele and SLE predicts non-melancholia over main 

effects. Furthermore, in a current study of Patas et al. (2014) investigating the association 

between serum brain-derived neurotrophic factor and plasma interleukin-6 in major 

depressive disorder, plasma interleukin-6 was found to be a positive predictor of BDNF only 

in the melancholic sample. According to Harkness et al. (2006) subjects with severe 

melancholic depression are more sensitive to stress, with episodes being influenced by more 

minor stressors than those of non-melancholic patients.

Indeed, the role of stressful life events has been proven in depression (Kessler et al., 1997a) 

and several studies showed the effect of gene by environment (G×E) interaction on mood 

disorders. In a study of Bukh et al. (2009) the Met allele of the BDNF Val66Met 

polymorphism was independently associated with the presence of SLEs prior to the onset of 

depression and in a paper of Elzinga et al. (2011) BDNF Met allele carriers were found to be 

sensitive to early SLEs. Kim et al. (2007) found significant interaction of stressful life 

events and BDNF Met/Met and Val/Met genotypes on the risk of depression. In a study of 

Chen et al. (2012) on a sample of 780 pairs of ethnic Han Chinese adolescent twins, authors 

found that the BDNF Val allele modulates the influence of environmental stress on 

depression. Interaction between BDNF Val66Met polymorphism and environmental stress 

on depression was found even when separating pure environmental factors from the 

environmental factors under partial genetic control and adopting a prospective longitudinal 

design (Chen et al. 2013). In a study of Hosang et al. (2014) the Met allele of BDNF 

significantly moderates the relationship between life stress and depression, the association 

being stronger for an interaction with stressful life events and weaker for interaction of 

BDNF Val66Met with childhood adversity. In the study of Brown et al (2014) the Met 
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alleles of BDNF Val66Met a significant gene–environment interaction was found between 

recent life events and adult onsets of depression, though BDNF did not significantly 

influence the effect of childhood maltreatment on chronic depression.

To improve our knowledge about the potential genetic contributors to the melancholic type 

of depression, we examined whether an effect of the BDNF Val66Met polymorphism and its 

interaction with stressful life events could differentiate juvenile melancholic and non-

melancholic patients.

We hypothesized that:

a. Melancholic and non-melancholic depressed probands are characterized by 

different BDNF Val66Met genotype and allele distributions.

b. Past exposure to stressful life events interacts with the BDNF Val66Met 

polymorphism to predict a melancholic depression phenotype.

MATERIALS AND METHODS

The data derive from a multidisciplinary Program Project studying risk factors for COMD, 

conducted in Hungary. The sample includes 583 depressed probands, recruited from 23 

mental health facilities across the country, including 7 child and adolescent psychiatry 

inpatient units. Screening of probands was performed from 01.11.1999 to 01.07.2005. 

Signed consent from the parents and assent from the children were obtained from all 

subjects in accordance with the Hungarian National Health and the Regional Human 

Investigation Review Board guidelines.

Inclusion criteria were the following: DSM IV diagnosis of MDD with the onset of the first 

episode by age 14.9 and being free of mental retardation and major systemic medical 

disorders. The diagnostic procedure included the semi-structured Interview Schedule for 

Children and Adolescents - Diagnostic Version (ISCA-D) (Sherrill et al., 2000). Ratings 

were obtained both for current and past symptoms of DSM IV Axis I diagnoses and major 

DSM-III disorders (e.g. depression with melancholic features). The diagnostic assessment 

for the participants enrolled in this study has been described in detail previously (Kapornai 

et al., 2007; Kiss et al., 2007; Liu et al., 2006). Importantly, to establish depressive episodes 

and symptoms, we performed two independent semi-structured diagnostic interviews during 

the intake procedure rated by trained clinicians, and subsequently evaluated by Best-

Estimate Diagnostic Procedure (Maziade et al., 1992).

The depressed group was divided into two groups on the basis of the presence of 

melancholic subtype. Melancholic subtype of depression was estimated by ISCA-D, on the 

basis of the criteria for melancholic features of the DSM IV. The differentiating symptoms 

were pervasive, nonreactive anhedonia, distinct quality of depressed mood, depression 

worse in the morning, early morning awakening, marked psychomotor retardation or 

agitation, anorexia, weight loss and excessive and inappropriate guilt. 135 subjects met 

criteria for melancholic depression in the current time-frame, and 44 subjects had such 

features during a past episode. There were overlaps between the two groups given that some 
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subjects had melancholy in both time frames. Thus, 162 subjects met criteria for 

melancholic depression in at least one time frame.

583 depressed probands were included in the analysis. The mean age of depressed subjects 

at first interview was 11.72 (SD=2.01) years. The melancholic group (N=162) had a mean 

age of 11.71 (SD=2.01) and the non-melancholic group (N=421) had a mean age of 11.76 

(SD=2.01). The distribution by gender was 55.6% male (n=324) in the total depressed 

group, 46.9% male (n=76) in the melancholic group and 58.9% male (n=248) in the non-

melancholic group.

Life events were abstracted from a pre-coded demographic data sheet, the Intake General 

Information Sheet (GIS), completed by clinicians as part of the intake psychiatric interview, 

using parents as informants. The assessment procedure has been described in detail 

previously (Mayer et al., 2009). On the basis of the study of Mayer et al. (2009), 22 of the 

26 stressful life events were separated into five clinically meaningful groups: “Parental 

health”, “Death of close relatives”, “Sociodemographic” and “Intrafamilial”. Miscellaneous 

events formed the fifth group containing items reflecting extrafamilial life events and abuse.

In the present study, a continuous weighted total score reflecting the number of stressful life 

events was also computed from the 26 items. Both the total and the grouped scores of 

stressful life event items were weighted by age (age in years at the intake ISCA-D 

interview).

Laboratory Methods

The BDNF rs6265 single nucleotide polymorphism (SNP), also known as Val66Met, was 

genotyped using the Applied Biosystems TaqMan pre-designed assay C__11592758_10 

(Foster City, CA). For each reaction, 20 ng genomic DNA was amplified as per 

manufacturer’s directions in a total volume of 10 ml in an MJ Research thermocycler (Bio-

Rad Laboratories, Hercules, CA). Each genotyping plate was analyzed post-amplification on 

the ABI Prism 7000 Sequence Detection System (software v1.2.3) using the allelic 

discrimination option. Allele calls were made manually.

Statistical Analysis

Data analysis was performed using the software package SPSS Statistics version 17. Group 

characteristics were investigated with independent samples t-test and Chi-square test. 

Fisher’s exact test was applied to compare allele frequencies and the Chi-square test of 

statistical significance set at p < 0.05 was used to compare genotype frequencies among the 

non-melancholic and melancholic subgroups. Logistic regression models were used to 

examine total weighted and grouped weighted life event scores and BDNF Val66Met 

genotypes. We applied these models in the total melancholic group. Main effects and 

possible interactions were tested by likelihood ratio test (stepwise regression). In the first 

model (Model 1) the main effects of total weighted life event score and Val66Met genotypes 

were tested. Secondly we included the interaction term of (total weighted life event scores 

and Val66Met genotypes). In the second model (Model 2) the genotype and the main effects 

of grouped life events scores were tested, later adding the interaction terms between grouped 
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life event scores and Val66Met genotypes. Main effects of stressful life events were 

analyzed continuously, as continuous score yields more information than dichotomous, 

providing more sensitive results.

Effect size was counted for the genotype-by-melancholia interaction and power analysis was 

performed, using GPower (Faul et al, 2007). For the power calculation of the logistic 

regression analysis the POWER procedure in SAS 9.4 was used.

RESULTS

In this sample of depressed youths, 27.78% met criteria for melancholic depression. The 

mean age at interview did not differ significantly between the melancholic and non-

melancholic subgroups (t=−0.28, p(2-tailed)=0.78), while there was a statistically significant 

difference (t=−0.262, p(2-tailed)=.01) in gender. Further characteristics of the total sample 

and the subsamples can be found in Table 1 (here we provided an unweighted sum of life 

events).

Comparing the total and grouped stressful life event scores did not reveal any significant 

difference between the two patient groups. A non-significant difference (t=1.759, df=1, p=.

079) was found in the intrafamilial stressful life event scores (M=17.33 in the non-

melancholic and 15.62 in the melancholic group, respectively). Table 2 shows the frequency 

of each life event and the life event grouping, together with the relative p-values.

In both melancholic and non-melancholic depressed groups the homozygous Val/Val 

genotype had the highest occurrence. The homozygous Met/Met genotype was the least 

common in both groups. Table 3 gives the genotype and allele frequencies in the total 

depressed group and the subgroups. The genotypes were in Hardy-Weinberg equilibrium, 

both in the total depressed group and in the subgroups.

Testing our first hypothesis, the allele frequency was not significantly different across the 

two diagnostic groups (Fisher’s exact: p=.121). The Val/Val genotype frequency did not 

differ significantly (χ2=2.80, df=2, p=.25) between the melancholic and the non-melancholic 

group. Because of the low rate of Met/Met genotype, genotypes were dichotomized on the 

basis of the presence of the Met allele. There was a trend for the non-melancholic depressed 

youth toward a slightly higher rate of Met-containing genotype, although not statistically 

significant (Fisher’s exact: p=.112).

The effect size (W) for our genotype-by-melancholia interaction was 0.12, power on such an 

effect size with 2 degrees of freedom was .74.

Examining our second hypothesis, in the total melancholic group with the Model 1 of the 

logistic regression, described in the Statistical analysis section, taking Met-containing 

genotypes as reference category, we did not find either significant main effect, or significant 

interaction effect of the total stressful life events and the BDNF polymorphism on the 

melancholy outcome. When we applied Model 2 (again Met-containing genotype was taken 

as reference category) to examine life event groups separately, neither of the events 

contributed significantly to the model.
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Main effects and interactions of BDNF Met-containing genotypes, total stressful life events 

and stressful life event groups as predictors in the model of melancholic depression are 

displayed in Table 4.

For the logistic regression analysis, power was 0.31 for life events, .56 for presence of a Met 

allele, and .06 for life events-by-genotype interaction.

DISCUSSION

Even today, gene variants associated with MDD vulnerability have not been clearly 

identified (Lopizzo et al, 2015). Given that MDD as defined by the DSM IV is a complex 

disorder, finding susceptibility genes may be facilitated by using alternative, more 

homogenous depression phenotypes.

However, even other factors than genetic vulnerability and diagnostic procedure must be 

considered to explain the development of MDD (Hosang et al, 2014).

Despite the clinical utility and validity of the melancholic phenotype of depression, a debate 

has been ongoing about the relevance of the subtype, suggesting that further research is 

needed (Hadzi-Pavlovic et al., 2012) to define its biological features.

Consequently, we studied the contribution of the BDNF polymorphism and its interaction 

with SLE to early onset melancholic depression. To our knowledge this is the first study to 

investigate the differentiating effect of the genotype and the G×E interaction on melancholic 

phenotype in a large sample of depressed young patients, which was representative of the 

Hungarian population.

The frequency of melancholia in our sample was in the range of the previously reported 

prevalences of 20% to nearly 50% in juvenile samples (Ambrosini et al., 2002, Kolvin et al., 

1991, Ryan et al., 1987). The ratio of females was significantly higher in the melancholic 

than in the non-melancholic group (t=−0.262, p(2-tailed)=.01), suggesting that females are 

more prone to develop the early-onset melancholic phenotype.

The current literature establishes that girls show more depressive symptoms than boys 

(Wade et al.,2002, Hankin et al., 2007), however there is some inconsistency in the findings 

(Chen et al., 2012), that is may be due to metodological, age and ethnic differences in the 

sample populations. Although in a preliminary study of Quinn et al (2012) and in the study 

of Guo et al (2015), no significant differences were found for the melancholic, non-

melancholic and control groups for gender or age, the difference compared to our findings 

may be due to their focus on the adult population in addition to a smaller sample size that 

decreases the chances of finding significant difference.

Our result may represent an interesting suggestion for future research since the presence of 

the subtype might influence treatment response (Rush et al., 2008) and complications. 

According to a study of Gold et al, 2002 common medical complications of different 

subtypes of depression may occur because of different underlying mechanisms.
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In the genotypic and allelic association analysis we found elevated Val/Val genotype 

frequency in the melancholic group. Our analysis however could not be used to discriminate 

between the melancholic and non-melancholic groups. The calculated effect-size and the 

power analysis performed for our genotype-by-melancholia interaction suggests that small 

to medium effects would have been detected if present.

Our results partly correlate with the study of Quinn et al. (2012), showing that no significant 

relationship was revealed between BDNF genotype and groups.

However, they found that the gene by environment interaction effect is expected to provide a 

better prediction for melancholic depression. The explanation for the different but not 

contradictory results is that we examined biological features discriminating melancholic vs. 

non-melancholic phenotype within a depressed sample, while Quinn et al. (2012) compared 

the melancholic and non-melancholic group of patients to healthy controls. Power analysis 

for the logistic regression analysis suggests that our sample was adequate to detect main 

effects of life events or genotype if they were medium to large, but could only detect 

interaction effects if they were quite large. Given the complexity of Model 2 of our life 

event groups, the particular model would only be able to detect large effects, being a 

limitation to our study.

Though sample size would ideally be larger, this study has several metodological strengths. 

We note that our melancholic group is a well-defined subgroup within the depressed 

patients, thanks to the diagnoses established through a very rigorous procedure, described in 

the Materials and Methods section, using clinician-administered semi-structured interviews 

to obtain the optimal collection of biographical and contextual information. Life events were 

measured by researcher-administered questionnaires. Since the parents were the ones 

providing information about their children’s stressful life events, we had limited information 

about some of them e.g. teasing by peers, and this lack of additional data may have 

influenced the scores.
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Table 1

Characteristics of the total depressed group (D) and the melancholic (MEL) and non-melancholic subjects 

(NMEL)

D
n=583

MEL
n=162

NMEL
n=421

Age of onset (years) 11.7 ± 2.0 11.7 ± 2.0 11.7 ± 2.0

Male/female 324/259 76/86 248/173

SLE (Mean ± SD) 6.07±2.86 5.84±3.03 6.15±2.78
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Table 3

BDNF genotype distributions and allele frequencies in the depressed group and the melancholic and non-

melancholic subgroups

D
n=583

MEL
n=162

NMEL
n=421

Genotype

Met/Met 18 (3.1%) 4 (2.5%) 14 (3.3%)

Val/Met 167 (28.6%) 39 (24.1%) 128 (30.4%)

Val/Val 398 (68.3%) 119 (73.5%) 279 (66.3%)

Allele

Val 963 (82.6%) 277 (85.5%) 686 (81.5%)

Met 203 (17.4%) 47 (14.5%) 156 (18.5%)

D: Depressed; MEL: Melancholic (either current or past); NMEL: Non-melancholic depressed
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Table 4

Main effects and interactions of BDNF Met-containing genotypes, total stressful life events and stressful life 

event groups as predictors in the model of melancholic depression in males and females

Dependent variable Models Independent variables OR p value

Melancholy (Females) Model 1 Met-containing genotypes - .0789

Total stressful life events - .733

Met-containing genotypes × Total stressful life events - .385

Model 2 Met-containing genotypes - .391

Parental health - .893

Death of close relatives - .187

Sociodemographic - .631

Intrafamilial - .111

Extrafamilial and Abuse - .871

Met-containing genotypes × Parental health - .901

Met-containing genotypes × Death of close relatives - .894

Met-containing genotypes × Sociodemographic - .573

Met-containing genotypes × Intrafamilial - .126

Met-containing genotypes × Extrafamilial and Abuse 1.05 .021

Melancholy (Males) Model 1. Met-containing genotypes - .073

Total stressful life events - .109

Met-containing genotypes × Total stressful life events - .990

Model 2. Met-containing genotypes - .073

Parental health - .485

Death of close relatives - .074

Sociodemographic - .485

Intrafamilial - .195

Extrafamilial and Abuse - .419

Met-containing genotypes × Parental health - .995

Met-containing genotypes × Death of close relatives - .964

Met-containing genotypes × Sociodemographic - .888

Met-containing genotypes × Intrafamilial - .706

Met-containing genotypes × Extrafamilial and Abuse - .356
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