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ABSTRACT

Objective: In this study, we investigated serum brain-
derived neurotrophic factor (BDNF), adrenocorticotropic
hormone (ACTH), and cortisol levels between children
with obsessive-compulsive disorder (OCD) prior to
treatment and healthy controls. In addition, the study
aimed to assess any correlations between OCD symptom
severity and BDNF, ACTH, and cortisol levels.

Methods: Twenty-nine children, aged from 7 to 17 years
(male/female: 21/8) and diagnosed with OCD according
to DSM-IV prior to treatment, were compared with 25
healthy control subjects (male/female: 16/9). The study
was conducted between December 2012 and December
2013.The Kiddie Schedule for Affective Disorders and
Schizophrenia, Present and Lifetime Version (K-SADS-PL),
Children’s Yale-Brown Obsessive Compulsive Scale, and
Children’s Depression Inventory (CDI) were administered
to the children. BDNF, ACTH, and cortisol levels were
detected using a prepared kit with the enzyme-linked
immunosorbent assay method.

Results: BDNF, ACTH, and cortisol levels in the OCD
group were significantly higher when compared with the
control group (P=.02, P=.03, and P=.046, respectively).
No association was detected between the severity

and duration of OCD symptoms and BDNF, ACTH, and
cortisol levels. CDI scores in both groups were similar.
The mean (SD) duration of OCD symptoms was 17.9
(18.5) months.

Conclusions: Our findings suggest that BDNF levels
adaptively increase as a result of the damaging effects
of the hypothalamic-pituitary-adrenal (HPA) axis
hyperactivity on brain tissue in the early stages of OCD.
HPA axis abnormalities and BDNF may play a role in the
pathogenesis of the disease.
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O bsessive-compulsive disorder (OCD) is a neuropsychiatric
disease characterized by repeating and undesirable urges and
images as well as the ritualistic behaviors performed to avoid them.!
Symptoms of OCD start in childhood and adolescence in approximately
80% of the cases,? with a prevalence in children of 1%-3%.> OCD has
etiologies that are largely multifactorial, involving complex interactions
between genetic and environmental factors.* Environmental factors
such as stress and traumatic life events occur in 50% of the individuals
with OCD.>®

Brain-derived neurotrophic factor (BDNF) plays an important role
in the proliferation, differentiation, and survival of neurons during
the development process of the nervous system. It also plays a role in
synaptic efficiency and the development of neuronal plasticity.” BDNF
has been reported to modulate a series of neurotransmitter systems,
including dopaminergic, serotonergic, and glutamatergic pathways.?-10
In vivo and in vitro studies have shown that BDNF promoted survival,
differentiation, and regeneration of serotonergic and glutamatergic
neurons.'!? It has been suggested that BDNF plays a role in the
development of OCD.!* Hall et al'* showed a significant association
between childhood-onset OCD and BDNF gene polymorphism
(Val66met); however, this finding was not confirmed by other
investigators.!>!¢ BDNF levels were significantly lower in patients with
anxiety disorders as compared with healthy controls.!” In many studies,
the BDNF levels were significantly lower in adult OCD patients as
compared with healthy controls; however, no significant correlation
was found between BDNF level and age, age at OCD onset, symptom
severity, and duration of OCD.!8-20

Patients with OCD have been known to be sensitive to stress, with
symptoms increasing during stressful conditions.?! In addition, stressful
life events have been observed in patients prior to the diagnosis of
OCD.% The hypothalamic-pituitary-adrenal (HPA) axis is a major part
of the neuroendocrine system that controls reactions and response to
stress. The increase in HPA axis activity has been reported in patients
with OCD.?>? The levels of nocturnal adrenocorticotropic hormone
(ACTH) and cortisol have been shown to be significantly increased
in patients with OCD as compared with healthy controls.?? Similarly,
cortisol levels in children and adolescents with OCD were higher
than those in healthy controls.?> BDNF synthesis and synaptogenesis
increased in response to acute stress or acute glucocorticoid
treatment.>#*> A decrease in BDNF levels, dendritic structures, and
synaptic intensity has been reported to occur in chronic stress and
exposure to glucocorticoids.??°

Most analyses of BDNF levels have been performed in adults with
OCD. To the best of our knowledge, BDNF and cortisol levels have
not been evaluated in child and adolescent patients with OCD prior to
treatment. The current study aimed to investigate whether serum BDNE,
cortisol, and ACTH levels differ between children and adolescents with
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B The hypothalamic-pituitary-adrenal (HPA) system and
neurotrophic factors are closely linked and play an
important role in the pathogenesis of many psychiatric
disorders. There are separate studies related to both the
HPA system and neurotrophic factors in adult patients
with obsessive-compulsive disorder (OCD).

B The aim of this article was to assess the 2 systems
simultaneously in child OCD patients. These patients will
help us in understanding the pathophysiology of the
disorder since these child patients have a developing
brain, are in the early phases of the disorder, and received
no psychotropic treatment prior to evaluation.

OCD and healthy controls. The current study also aimed to
investigate whether there is an association between serum
BDNE, ACTH, and cortisol levels and severity of OCD.

METHODS

Study Sample

The study was conducted in the Department of Child
Psychiatry at Dicle University Training and Research Hospital
between December 2012 and December 2013. A total of 44
OCD patients were admitted, with 39 agreeing to participate
in the study. Ten patients were excluded from the study based
on the exclusion criteria (see elsewhere in this paragraph).
Thus the study included 29 children, aged 7 to 17 years
(male/female: 21/8), with OCD prior to receiving treatment.
The diagnosis of OCD was according to DSM-IV. Children
who had mental retardation or history of head trauma, had
received oral contraceptives or psychotropics, had previous
or current cortisol therapy, were taking vitamins, had a
body mass index>30 (kg/m?), or had chronic systemic
disorders or clinically active infection were excluded to
prevent interference with biochemical parameters. Patients
with simple tic disorders were included in the study. Simple
motor tic disorder was present in 13.8% (n=4) of the patients
with OCD. Patients with other psychiatric disorders were
excluded from the study. The control group consisted of
age- and gender-matched children who were residing at
geographic locations similar to those of the patient group
and who did not have a history of medical problems. Two
experienced psychiatric doctors evaluated the patients.
Interrater agreement was 0.80. The Non-interventional
Clinical Research Ethics Committee of the Dicle University
Faculty of Medicine approved the study. The parents of the
participants provided written volunteer informed consent.

Study Procedures

Sociodemographic features and clinical data of the
participants were recorded by the psychiatrists. This recording
was followed by structured psychiatric interviews (the
Kiddie Schedule for Affective Disorders and Schizophrenia,
Present and Lifetime Version [K-SADS-PL] and Children’s
Yale-Brown Obsessive Compulsive Scale [CY-BOCS]) and
administration of the self-reported Children’s Depression
Inventory (CDI). Height and weight were measured, and

body mass index was calculated. Venous blood sample (2
mL) was obtained for biochemical tests.

Forms and Scales

Sociodemographic data and clinical data form. This
form included questions about age, gender, educational
status, history of psychiatric disorders, height, weight, tic
disorder symptoms, number of siblings of the patient; ages,
educational status, and occupations of the parents; and
consanguinity between parents.

K-SADS-PL. The K-SADS-PL was originally developed by
Kaufman et al?® and adapted to a Turkish version by Gékler
et al in 2004.”” The K-SADS-PL is administered during an
interview with the parents and children. The final evaluation
is performed using input from all data sources. The scale
evaluates the presence of common psychopathologies,
primarily OCD, in children and adolescents.

CY-BOCS. The CY-BOCS is a semistructured tool to
measure the severity of OCD signs within the past week.?
There are 5 major sections: instructions, obsession screening
list, items to determine the severity of obsessions, compulsion
screening list, and items to determine the severity of
compulsions. Information is gathered from the child and
his or her parents. The validity and reliability study of the
Turkish version of this scale was carried out by Erkal et al.?’

CDI. The CD], developed by Kovacs®® based on the Beck
Depression Inventory, was used in this study. However,
questions specific to the childhood period such as school
success and relationship with friends were added. The scale
was adapted to the Turkish language by Oy, and the scale
contains 27 items.>! Each item is scored as 0, 1, or 2 points
depending on the severity of the symptom. The highest
possible score is 54 points. Higher scores indicate a higher
level or greater severity of depression. The cutoff point for
the scale is 19 points.

Measurement of BDNF, ACTH, and Cortisol

The blood samples were collected into gel tubes between
9:00 aAm and noon and left at room temperature for 15
minutes to facilitate clotting. Blood samples were centrifuged
at 5,000 rpm for 6 minutes. The serum was transferred to
1.5-mL polypropylene tubes and stored at —80°C for later
analysis. Measurements of BDNE, ACTH, and cortisol were
performed with the appropriate kits. The measurements
were performed the same day. Serum BDNFE, ACTH, and
cortisol concentrations were determined by enzyme-linked
immunosorbent assay (ELISA) test. These kits (Hangzhou
Eastbiopharm Co, Ltd, China) use ELISA based on Biotin
double antibody sandwich technology to assay human
BDNE ACTH, and cortisol levels in serum, blood plasma,
saline, urine, and other related tissue liquid. Procedures
were performed as follows: 50-uL standards were added
in standard solution wells, and 40-pL serum samples and
10-pL BDNE ACTH, or cortisol pro antibodies were added
in sample wells. Then, 50-pL streptavidin-HRP was added to
each well except for a blank well, and the plate was covered
with seal plate membrane. The plate was shaken gently to
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Table 1. Sociodemographic Data for Patients With OCD and
Healthy Controls?

Table 2. Rating Scale Scores for Patients With OCD and
Healthy Controls?

ocD No OCD oCD No OCD
Variable (n=29) (n=25) PValue Scale (n=29) (n=25) PValue
Age,y 124(2.7) 124 (2.3) .98 CDI
Sex, male/female, n 21/8 16/9 71 Score 12.8 (6.6) 11.2(4.9) 34
Education duration, y 6.6 (2.5) 6.6(1.9) 98 Depression/no depression, nP 7/19 2/23 14
Mother’s age, y 41.5(8.1) 38.9(5.8) 20 CY-BOCS
Mother’s education duration, y 5.7 (4.8) 6.1(6.1) 98 Obsession 123(3.4)
Father’s age, y 457 (7.8) 44.4 (5.4) 51 Compulsion 11.3(3.5)
Father’s education duration, y 9.9(3.9) 10.1 (4.6) 54 Total 23.6 (6.6)
No. of siblings 4.7 (2.5) 4.7(2.7) 96 aValues shown as mean (SD) unless otherwise noted.
Length, cm 1546(183)  153.0(12.2) 56 bThe cutoff point for the scale is 19 points.
Weight, kg 47.9(17.3) 47.1(13.4) .86 Abbreviations: CDI=Children’s Depression Inventory, CY-BOCS = Children’s
BMI, kg/m? 19.5(4.2) 19.8 (3.6) .59 Yale-Brown Obsessive Compulsive Scale, OCD = obsessive-compulsive
Duration of OCD symptoms, mo 17.9(18.5) disorder.

3Values shown as mean (SD) unless otherwise noted.

Abbreviations: BMI=body mass index, OCD = obsessive-compulsive
disorder.

Symbol: ... =not applicable.

mix and was incubated at 37°C for 60 minutes away from
light. The plate was washed carefully 5 times and then was
blotted. 50-uL chromogen reagent A was added to each
well, and then 50-pL chromogen reagent B was add to each
well; the plate was then incubated for 10 minutes at 37°C
away from light for color development. Finally, 50-uL stop
solution was added to each well. We measured the optical
density of each well under 450 nm wavelength within 10
minutes after having added stop solution. According to
standards concentrations and corresponding optical density
values, we calculated the linear regression equation of the
standard curve and determined BDNE, ACTH, and cortisol
concentration of samples.

Statistical Analysis

Statistical analyses were performed using SPSS 18.0 (SPSS
Inc, Chicago, Illinois). The x* test was used to evaluate the
presence of a difference between the groups in terms of
gender, consanguinity between parents, and history of
psychiatric disorders. The Student ¢ test was used to compare
normally distributed variables in independent groups, and
the Mann-Whitney test was used otherwise. The changes in
BDNF and cortisol levels in terms of groups and the effects
of age, gender, and depression were adjusted using 2-way
analysis of variance and analysis of covariance tests. The
Pearson test was used to evaluate correlation coefficients
and statistical significance of normally distributed variables,
and the Spearman test was used to evaluate non-normally
distributed variables. A P value below .05 was considered
statistically significant.

RESULTS

There was no significant difference between the gender
and age of the OCD group (male/female: 21/8; age (mean
[SD] years): 12.4 [2.7]) and the control group (male/female:
16/9; age: 12.4 [2.3]). No differences were detected in the
occupation of the parents and presence of consanguinity
between the parents among the groups. The presence of

Symbol: ... =not applicable.

psychiatric diseases in the family and close relatives was
significantly higher in the OCD group (P<.001) as compared
with the control group. The sociodemographic data are
presented in Table 1.

No significant difference was found in the scores for
depression between the patient and control groups. The
mean (SD) duration of OCD symptoms was 17.9 (18.5)
months. Patients reported that their symptoms of OCD
had increased to a level that impaired functioning for a
mean of 3.6 (3.2) months. Data for the scales are given in
Table 2. Serum cortisol (Figure 1), ACTH, and BDNF levels
(Figure 2) were significantly higher in patients with OCD
as compared with the control group (P=.046, P=.03, and
P=.02, respectively). Depression and gender had no effect
on BDNF levels (F=0.301, P=.57 and F=3.520, P=.31,
respectively), while age had an effect on BDNF levels
(F=6.743, P=.01). Similarly, depression and gender did
not have an effect on cortisol levels (F=0.594, P=.45 and
F=1.00, P=.32, respectively), while age affected the cortisol
level (F=6.637, P=.01). Data from the biochemical analysis
are presented in Table 3. The duration and severity of OCD
symptoms were not significantly associated with cortisol,
ACTH, and BDNF levels.

DISCUSSION

This study showed that serum BDNF, ACTH, and cortisol
levels were significantly higher in pediatric patients with
OCD prior to treatment as compared with healthy controls.
The significance of the comparison continued when effects
of age, gender, and depression scores were considered. To
our knowledge, there is no similar study design in pediatric
OCD patients.

Low levels of BDNF have been reported to play a major
role in the pathogenesis of OCD.!> BDNF levels were
consistently lower in adults with OCD prior to treatment
as compared to control groups, with mean duration of the
disease from 4.3 to 29.5 years.!8-2%32 In this study, the mean
(SD) duration of the disease was 17.9 (18.5) months. The
increased levels of BDNF at the early phase of the disease
could be an adaptive response to preserve the neurons.
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Figure 1. Serum Cortisol Levels in Patients With OCD and
Healthy Controls?

Table 3. Biochemical Parameters in Patients With OCD and
Healthy Controls?

300.00- o

250.00

200.00- .

150.004

100.00

Serum Cortisol Level, ng/mL

o

= ==

OoCD Control
Group

50.004

0.00+

2Cortisol levels were significantly higher in the patients with OCD than
the control group (P=.046). Box=interquartile range, horizontal line in
box=median, circle or asterisk=outlier.

Abbreviation: OCD = obsessive-compulsive disorder.

Figure 2. Serum BDNF Levels in Patients With OCD and
Healthy Controls®
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3BDNF levels were significantly higher in the patient group (P=.02).
Box=interquartile range, horizontal line in box =median, circle=outlier.
Abbreviations: BDNF = brain-derived neurotrophic factor,
OCD =obsessive-compulsive disorder.

The reason for HPA abnormalities in OCD patients has not
yet been entirely elucidated. Children with OCD have been
known to be sensitive to stress, and OCD symptoms increase
during stressful conditions.?! In addition, stressful life events
have been observed to occur prior to the start of OCD.® In
studies investigating basal HPA axis activity in adults with
OCD, ACTH?2 and cortisol®* secretions were increased.
One other study has shown that basal cortisol levels at 8:30
AM were higher in youths with OCD compared to controls,
while cortisol levels at 10:30 Am were similar.2* OCD patients
were known to be exposed to increased daily stressors.**
Stress, in turn, increased the secretion of glucocorticoids
through the activation of the HPA axis.*® Exposure to excess

ocCD No OCD
Serum Concentration (n=29) (n=25) PValue
Cortisol, ng/mL 77.3 (82.6) 30.3 (40.5) 046
ACTH, ng/L 86.1(57.3) 50.1(37.9) .03
ACTH/cortisol ratio 2.0(1.0) 24(0.8) .10
BDNF, ng/mL 4.5 (4.5) 1.8(1.8) .02

3Values shown as mean (SD) unless otherwise noted.
Abbreviations: ACTH =adrenocorticotropic hormone, BDNF =brain-derived
neurotrophic factor, OCD = obsessive-compulsive disorder.

glucocorticoids decreased dendritic structures and synaptic
density.**3” BDNF synthesis and synaptogenesis increased in
response to acute stress or acute glucocorticoid treatment,
while decreased synthesis of BDNF and the elimination of
dendritic structures were reported in response to exposure
to chronic stress and/or glucocorticoids.?**

Another important finding of this study was that there
was not a significant relationship between the severity and
duration of the disease and levels of BDNE, ACTH, and
cortisol. Although no relationship was found between BDNF
levels and severity and duration of the disease in most of the
studies in the literature,'$2%38 a significant relationship was
found with religious/sexual symptoms in one study.!” No
relationship between disease severity and basal cortisol level
has been found in adolescents with OCD.*

In the present study, the rates of the presence of psychiatric
disease in the close relatives were significantly higher in the
OCD group compared with the control group. In family
studies, OCD and/or tic disorders have been reported to be
at higher rates, and genetic load was also higher in first-
degree relatives of children with childhood-onset OCD
compared to late-start counterparts.>

There are research limitations in this study. The cross-
sectional structure of the study is an important limitation.
Only one interview was performed with the participants,
and measurement of BDNE, ACTH, and cortisol levels was
performed only once. History of trauma, which may affect
the cortisol level of the participants, was not questioned. In
addition, the subtypes of the symptoms of OCD were not
evaluated. Also, the study sample size is small.

In conclusion, serum levels of BDNE, ACTH, and cortisol
in children with OCD were higher than in healthy controls,
and no association was found between symptom severity and
duration of the disease and biochemical parameters. The
increased levels of BDNF may be an adaptive response to the
damaging effects of HPA axis hyperactivity on brain tissue
in the early stages of OCD. Thus, HPA axis abnormality and
BDNF may play a key role in the pathogenesis of the disease.
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