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Objective: We aimed to assess the association between cord blood brain-derived neurotrophic factor (BDNF) concen-
tration and maternal depression during pregnancy.
Methods: A total of 48 pregnant women, admitted for elective caesarean section to Department of Obstetrics and 
Gynecology, The Konya Research and Training Hospital and Konya Necmettin Erbakan University Meram Medical 
Faculty, were included in this study. The study group included 23 women diagnosed as having depression during preg-
nancy and the control group included 25 pregnant women who did not experience depression during pregnancy. 
Results: The groups had similar sociodemographic characteristics. Cord blood BDNF concentration was significantly 
lower in babies born to mothers with major depression as compared with those in the control group. We didn’t find 
any correlation between the umbilical cord blood BDNF levels and BDI scores.
Conclusion: The results suggest that the existence of major depression in pregnant women may negatively affect fetal 
circulating BDNF levels.
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INTRODUCTION

Depression, which is approximately twice as frequent 
in women than men, is an important psychiatric condition 
during pregnancy.1) Frequency of major depression in 
pregnant women was reported to be in between 
3-6.6%.2-4) Maternal depression during pregnancy is an 
important condition because potential adverse effects on 
the fetal development.5) Several studies investigated the 
effects of maternal depression on birth outcomes.6) 
Although there is no clear consensus as yet, according to 
conclusions of these studies pregnancy depression seems 

to be associated with low birth weight and shorter dura-
tion of pregnancy.7-10)

Neuroplasticity is a novel hypothesis in the etiology of 
depression. Brain derived neurotrophic factor (BDNF) is 
the main neurotrophic factor that is responsible for brain 
neuroplasticity and neurodevelopment.11) BDNF is re-
sponsible from the production, growth and differentiation 
of immature neurons during the developmental stage of 
brain, important for survival of neurons. BDNF enhances 
the development of noradrenergic and serotonergic neu-
rons, increasing their life span by preventing them from 
toxic damage.12) Furthermore, it is effective in neuro-
genesis and synaptic plasticity.13) Administration of exog-
enous BDNF was found to increase complexity and den-
drite length of pyramidal neurons in visual cortex 
development.14) With suppression of BDNF gene, neuro-
plasticity detoriates, neurons become more vulnerable to 
distress, easily initiate apoptosis and as a result atrophy 
occurs.15,16) 
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Proper fetal brain development requires appropriate 
combination of both genetic and environmental factors. 
While intrauterine environment breaks down, this may re-
sult in disturbances in fetal brain development which may 
be critical for neuro-psychiatric disorders.17) As men-
tioned above, BDNF is critical for appropriate neuronal 
development. Previous data denote that disruption of 
BDNF during fetal phase causes more depressive behav-
iours in mice than post-natal disruption.18) As far as we 
know, intrauterine BDNF is critical for neurodevelopment 
and it’s shown that BDNF in maternal blood crosses the 
placenta.19) Likewise in another study, Chouthai et al.20) 
revealed that the amount of BDNF in the umbilical cord 
may reflect the amount of central nervous system BDNF 
level, because of the fact that the blood-brain barrier has 
not developed at the intrauterine phase of brain develop-
ment. Circulating BDNF was reported to be correlated 
with BDNF in the brain in a study on rats.21) 

To date, few studies evaluated fetal cord blood in terms 
of maternal psychiatric diagnosis. Maternal generalized 
anxiety disorder found to be associated with decreased 
BDNF levels in fetal cord blood but obsessive compulsive 
disorder was associated with increased tumor necrosis al-
pha levels.22,23) Oxidative stress takes an important part in 
the aetiology of psychiatric disorders.24-26) Total anti-
oxidant status, total oxidant status, malondialdehyde, su-
peroxide dismutase and catalase levels were similar in de-
pressed patients; however, glutathione peroxidase activ-
ity was significantly decreased.1,5,27)

Infants exposed to maternal stress and depression, were 
reported to experience behavioral, cognitive and emo-
tional problems more frequently in the childhood, but the 
exact biological mechanism responsible from these prob-
lems is unknown.28-30) Depending on previous knowledge 
about this topic, in the present study, we hyphthesized 
that fetal cord BDNF levels is lower in depressed mothers 
and aimed to compare BDNF levels of fetal cord blood 
collected from umbilical vein of depressed mothers with 
healthy mothers.

METHODS

Subjects 
This study was carried out in women giving birth by 

elective caesarean section at the Obstetric Clinic of Konya 
Research and Training Hospital in Konya, Turkey, and the 

Obstetric Clinic of Meram Faculty of Medicine of 
Necmettin Erbakan University in Konya, Turkey, at the 
same time as our two previous studies.22,23) The method-
ology of the current study was also similar to the others. 

The study sample included 23 women with a diagnosis 
of major depression alone according to the Diagnostic 
and Statistical Manual of Mental Disorders, fourth edition 
(DSM-IV) and 25 women without any psychiatric diag-
nosis (controls) who met the study criteria and who gave 
birth at these two clinics. Reasons for choosing caesarean 
section were, collection of blood samples by a pedia-
trician, similar birth duration, exclusion of birth compli-
cations. The inclusion criteria for the study as follows: vol-
untary participation to the study and current age between 
18-40 years. Patients with a history of medical illnesses 
(e.g., endocrine abnormalities, cardiovascular and pul-
monary system diseases, neurological disease, and meta-
bolic disease), a history of pregnancy related complica-
tions (e.g, gestational hypertension, imminent abortion, 
placenta previa and other placental abnormalities, vagi-
nal bleeding, and gestational diabetes), any malformation 
in newborn infants, a history of maternal infection which 
can affect fetal growth, any active maternal infections, 
mental retardation, multiple pregnancies, intrauterine 
growth restriction, low birth weight, preterm delivery or 
emergency caesarean section, a history of psychotic dis-
orders, those who reported smoking or alcohol con-
sumption during pregnancy, who had used systemic corti-
costeroids during pregnancy such as betamethasone di-
propionate, those that had used any psychotropic medi-
cations during pregnancy, and those in whose infants hy-
poxia had developed during delivery were excluded. 

Assessments 
The sociodemographic and obstetric characteristics 

were recorded with a semistructured interview form de-
veloped by the authors. The diagnosis of major depres-
sion and screening for other psychiatric disorders were 
performed by means of the Structured Clinical Interview 
for DSM-IV (SCID-I).31) The gestational age at delivery was 
calculated on the basis of the date of last menstruation. 
The indication or plan of elective caesarean section was 
independent from the study procedure. Depression symp-
tom levels were assessed with the Beck Depression 
Inventory (BDI).32)
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Table 1. Sociodemographic characteristics and obstetric data of the patients

Characteristic
Mothers with a diagnosis 

of depression (n=23)
Mothers without a diagnosis 

of depression (n=25)
p value

Age (yr) 29.43±5.02 28.48±6.82 0.586
Marital status

Widow/divorced
Married

1 (4.3)
22 (95.7)

0 (0)
25 (100)

1.000

Education level
Primary
High school
College

12 (52.2)
6 (26.1)
5 (21.7)

19 (76.0)
4 (16.0)
2 (8.0)

0.203

Yearly income
Low
Medium
High

12 (52.2)
8 (34.8)
3 (13.0)

9 (36.0)
12 (48.0)

4 (16.0)
0.525

Children 2.04±0.93 1.92±0.91 0.543
History of miscarriage

Negative
Positive

17 (73.9)
6 (26.1)

18 (72.0)
7 (28.0)

1.000

First delivery
Yes
No

19 (82.6)
4 (17.4)

20 (80.0)
5 (20.0)

1.000

Type of anesthesia
Epidural
General

14 (60.9)
9 (39.1)

13 (52.0)
12 (48.0)

0.573

Infant gender
Male
Female

13 (56.5)
10 (43.5)

13 (52.0)
12 (48.0)

0.78

Umbilical cord BDNF level (ng/ml) 0.98±0.45 2.08±0.91 0.000

Values are presented as mean±standard deviation or number (%).
BDNF, brain derived neurotrophic factor.

Procedures
The study procedure was approved by the ethics com-

mittee of Meram Faculty of Medicine of Necmettin 
Erbakan University (2010/146). Initially, the objectives 
and procedures of the study were explained to all partic-
ipants, and written informed consent forms were 
obtained. After the sociodemographic and obstetric fea-
tures of the participants hospitalized for elective caesar-
ean section were recorded, a psychiatric interview by 
means of SCID-I was carried out by psychiatrists with at 
least 4 years of experience on psychiatric disorders and 
the diagnostic instruments. During the caesarean section, 
a blood sample for BDNF analysis was obtained from the 
umbilical vein by a pediatry specialist. The blood was im-
mediately centrifuged for 10 minutes at 3,000× g and 4oC. 
The serum was stored at −80oC until measured. Serum 
BDNF concentrations were determined by enzyme- 
linked immunosorbent assay (ELISA), according to the 
manufacturer’s instructions (RayBiotech, Inc., Norcross, 
GA, USA)

Statistical Analysis 
The data were analyzed using the Statistical Package for 

the Social Sciences (SPSS) version 16.0, for Windows 
(SPSS Inc., Chicago, IL, USA). All variables were tested 
with the Kolmogorov-Smirnov test to determine whether 
the distributions were normal or not. Categorical varia-
bles among the study groups were compared using the 
chi-square test or Fisher’s exact test when necessary. 
Comparisons for continuous variables were performed 
using Student’s t test for normally distributed variables or 
Mann-Whitney U test for non-parametric variables. All 
significant levels were 2-tailed and set at the level of 0.05. 
Correlations between BDNF levels and other variables 
were analyzed with Spearman’s correlation test (for non- 
normally distributed variables) and Pearson’s correlation 
test (for normally distributed variables).



Maternal Depression Fetal Cord Blood BDNF 311

RESULTS

Demographic and Obstetric Data
The mean age of mothers included in this study was 

28.94±5.98 years. Forty seven (97.9%) were married, and 
one mother (2.1%) was a widow/divorced. Thirty one 
(64.6%) of the mothers had an elementary school educa-
tion level while 10 (20.8%) were high school graduates 
and 7 (14.6%) were college graduates. Thirteen (27.1%) 
mothers had a history of abortion. Nine mothers were giv-
ing birth for the first time (18.8%). Twenty one mothers 
had cesarean section under general anesthesia (43.8%), 
and 27 (56.3%) had epidural anesthesia. Twenty two of 
the infants (45.8%) were female and 26 (54.2%) were 
males. The mean number of children was 1.98±0.91, and 
the mean duration of pregnancy was 38.94±1.06 weeks. 
The mean BDI score of mothers with a diagnosis of major 
depression was 34.26±22.80. 

There were no significant differences in terms of mean 
age, marital status, education level, socioeconomical lev-
el, number of children, gender of offspring, history of 
abortion, proportion of primiparity and type of the anes-
thesia between the groups. The cord blood BDNF level in 
infants of depressed and healthy mothers were 0.98±0.45 
ng/ml, 2.08±0.91 ng/ml respectively. The difference be-
tween the groups was statistically significant (t=−5.214, 
p=0.000) (Table 1).

We didn’t find any correlations between the cord blood 
BDNF levels and birth weight (p=0.652), BDI score 
(p=0.487), total duration of depression during pregnancy 
(p=0.409), duration of pregnancy (p=0.246) and number 
of children (p=0.066) in depressed mothers.

DISCUSSION

In the present study, we found cord blood BDNF levels 
in infants of depressed mothers were significantly lower 
compared to infants of healthy mothers. To the best of our 
knowledge, this is the first study investigating the effects of 
depression during pregnancy on umbilical cord blood 
BDNF levels. 

BDNF expression occurs in the earlier phases of fetal 
development, and contribute to the structural develop-
ment of the cerebral cortex via its effect on cell 
migration.33) Prenatal stress was reported to causea dete-
riorating effects on hippocampal cell proliferation during 

early phases of fetal development and decreased serum 
BDNF levels. Furthermore, Talge et al.30) also found a pos-
itive correlation between cell proliferation and serum 
BDNF levels. Chan et al.34) investigated prenatal and 
postnatal depletion of BDNF in mices. They found pre-
natal depletion of BDNF resulted in more pronounced 
depressive behaviours. Their results support the neuro-
developmental hypothesis of depression. Evaluating our 
data with previous literature points out that fetal cord 
BDNF level could be a possible biological marker of neg-
ative effects of emotional stress during pregnancy on the 
fetus.

In a mice study, BDNF has shown to cross from the pla-
cental barrier to the fetal blood circulation.19) Combining 
our data with previous literature, it can be predicted that, 
low umbilical cord blood BDNF levels in infants of de-
pressed mothers may be due to low blood levels of 
mothers. Supporting this prediction, we found, the um-
bilical cord blood BDNF levels in infants of depressed 
mothers were approximately twice as lower than infants 
of healthy mothers.

Only one study investigated BDNF levels in fetal cord 
blood. Uguz et al.22) demonstrated that fetal cord BDNF 
levels were decreased in mothers with generalized anxi-
ety disorder. Camkurt et al.1) showed maternal depression 
was associated with decreased antioxidant activity in fetal 
cord blood. While evaluating our results in the light of 
previous data, we consider the investigation of biological 
parameters in fetal cord blood will be of importance to re-
veal neurodevelopmental basis for psychiatric disorders. 

We didn’t find any correlation between the umbilical 
cord blood BDNF levels and BDI scores and severity of 
depression. There are several studies investigating this 
correlation in non-perinatal period, however results are 
controversial. Although in a study, BDNF level was not 
found to be associated with the severity of depression, 
there are studies denoted a negative correlation between 
the severity of depression and BDNF levels.21,35,36) These 
controversial results could be result from methodological 
issues.

The present study has several limitations, which may 
affect the interpretation of the results. First, the sample 
size was relatively small and included women who were 
admitted to the obstetric clinics for delivery. Therefore, it 
may not be representative of all pregnant women with 
depression. However, we screened patients for one year 
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of time and we were able to found the current sample size. 
Second, the study had a cross-sectional design but not a 
prospective observation. For this reason, we did not de-
termine course of severity of depression during 
pregnancy. Third, the sample is composed of women 
with elective cesarean only because to determine the cord 
blood samples in newborn of women who delivered vagi-
nally was difficult in the clinics. However, this condition 
may be considered as a limitation. Finally, we collected 
blood samples only from umbilical vein. Future studies 
should include blood samples collected from both um-
bilical vein and the artery, and simultaneously from moth-
ers to give a better picture of intreuterin environment in 
presence of maternal psychiatric disorder.

The study results suggest that the cord blood BDNF lev-
els in infants of depressed mothers were significantly low-
er than infants of healthy mothers. As BDNF plays a role in 
neurodevelopment, decreased BDNF levels may be hy-
pothesized to affect fetal neurodevelopment. For further 
studies, BDNF levels of infants should be widely inves-
tigated by researchers to identify a potential marker ex-
press in potential adverse effects of depression occurring 
during pregnancy. Thus, diagnosis and treatment of de-
pression during pregnancy seems to be important for the 
neurodevelopment of the infant.
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