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Physicians completed Du Paul ADHD questionnaires. 
The levels of serum BDNF were assessed before and after 
8  weeks of treatment with effective dosages of OROS 
methylphenidate. In the present study, the mean serum 
BDNF levels of boys with ADHD and of the healthy con-
trols were 2626.33 ± 1528.05 and 2989.11 ± 1420.08 pg/
mL, respectively. Although there were no statistically sig-
nificant difference between the ADHD group and healthy 
controls at baseline (p  =  0.22), the increase of serum 
BDNF was statistically significant from baseline to end-
point in the ADHD group (p  =  0.04). The mean serum 
BDNF levels at baseline and endpoint of the ADHD group 
were 2626.33  ±  1528.05 and 3255.80  ±  1908.79  pg/mL, 
respectively. The serum BDNF levels of ADHD-inattentive 
subtype were significantly lower at baseline (p  =  0.02), 
whereas BDNF levels post-treatment showed no signifi-
cant difference. The increase of serum BDNF levels with 
methylphenidate treatment after 8 weeks was significantly 
higher in the inattentive group (p = 0.005). The increase of 
serum BDNF levels with methylphenidate treatment after 
8 weeks in boys with ADHD may support the potential role 
of BDNF in the pathophysiology of ADHD. The role of 
BDNF in ADHD subtypes in particular should be evaluated 
with further, larger studies.

Abstract Brain-derived neurotrophic factor (BDNF) is an 
important neurotrophin in the brain that modulates dopa-
minergic neurons. In this study, we aimed to investigate 
the changes in serum BDNF levels of children with atten-
tion-deficit/hyperactivity disorder (ADHD) in response to 
OROS methylphenidate treatment. We also aimed to deter-
mine whether there were any pre–post-differences between 
ADHD subtypes and comorbid psychiatric disorders in 
serum BDNF levels. Fifty male children with ADHD and 
50 male healthy controls within the age range of 6–12 years 
were recruited to the study. The psychiatric diagnoses 
were determined by applying a structured interview with 
Kiddie schedule for affective disorders and schizophre-
nia for school-age children—present and lifetime version. 
The symptom severity of ADHD was measured using the 
Clinical Global Impression ADHD Severity Scale (CGI-S). 

This manuscript has not been submitted to any other journal. Part 
of the study was presented as a poster at the 6th International 
Congress of Psychopharmacology and 2nd International 
Symposium on Child and Adolescent Psychopharmacology (16–
20.04.2014, Susesi Hotel, Antalya, Turkey). Informed consent 
was obtained from the parents of the patients as well as the 
patients’ verbal assent and the study procedures were conducted 
in accordance with the Declaration of Helsinki and local laws and 
regulations. All of the authors have participated and contributed 
to the study and in writing the manuscript.

 * Gonca Özyurt 
 goncaenginozyurt@gmail.com

1 Department of Child and Adolescent Psychiatry, Dokuz 
Eylul University Medical Faculty, Izmir, Turkey

2 Department of Biochemistry, Dokuz Eylul University 
Medical Faculty, Izmir, Turkey

3 İzmir Dr. BehcetUz Training and Research Hospital 
for Pediatric Disorders and Surgery, Izmir, Turkey

4 Department of Child and Adolescent Psychiatry, Katip 
Çelebi University Medical Faculty, Izmir, Turkey

5 İzmir Tepecik Training and Research Hospital, Izmir, Turkey
6 Department of Public Health, Kurtalan State Hospital, Siirt, 

Turkey
7 Department of Child and Adolescent Psychiatry, Abant Izzet 

Baysal University Medical Faculty, Bolu, Turkey

http://crossmark.crossref.org/dialog/?doi=10.1007/s00787-017-1022-y&domain=pdf


128 Eur Child Adolesc Psychiatry (2018) 27:127–135

1 3

Keywords Brain-derived neurotrophic factor · Attention-
deficit/hyperactivity disorder · Children · Methylphenidate

Introduction

Attention-deficit/hyperactivity disorder (ADHD) is one of 
the most important neuro-developmental disorders, char-
acterized by age-inappropriate and impairing symptoms 
of inattention, hyperactivity and impulsivity, and having a 
prevalence of 5% worldwide [1]. Although catecholaminer-
gic neuro-transmission, especially involving dopamine and 
noradrenaline, was previously thought mostly responsible 
for its pathogenesis, the current consensus is that of a more 
complex disorder arising from an interaction of bio-psycho-
social factors [2–4]. The clinical heterogeneity of patients 
with ADHD, both in terms of symptoms and in treatment 
responsiveness, the changes observed in neuro-anatomic 
structures across development, and the protracted time 
course for treatment response, especially with noradrenergic 
agents, argues for a more complex pathophysiology [5, 6].

Neurotrophins are a family of proteins involved in neu-
ronal growth, differentiation, maturation, and survival, and 
include brain-derived neurotrophic factor (BDNF), nerve 
growth factor (NGF), and Neurotrophin-3 and 4/5 (NT3 and 
NT4/5) among others. They are increasingly being linked to 
the etiology of various psychopathologies including ADHD 
[4, 7, 8]. BDNF is widely expressed in the brain. It helps in 
survival and differentiation of the dopaminergic neurons in 
the midbrain, protects neurons against neurotoxicity, modu-
lates dopamine release, and prevents spontaneous death of 
rat mesencephalic dopaminergic neurons in culture [9, 10]. 
As a consequence of its relationships with dopaminergic 
innervation, reduced BDNF activity was suggested among 
the etiologies for ADHD [11].

It was previously shown that psycho-stimulant-induced 
dopamine release correlated with that of BDNF, and 
treatment-naïve children with ADHD had elevated levels 
of BDNF, whereas adults with ADHD had reduced lev-
els. Polymorphisms in BDNF interacted with socio-eco-
nomic status to change inattentive symptoms in ADHD 
families; the valine allele of the BDNF polymorphism was 
reported to transmit preferentially from fathers in families 
with ADHD and the same allele correlated with clinical 
response to treatment with OROS methylphenidate (MPH) 
in Korean children with ADHD [4, 12–17]. However, other 
studies failed to find significant differences in BDNF levels 
of children with ADHD and matched controls [18–20].

The effects of treatment on BDNF levels of patients with 
ADHD are also not clear. Amiri et  al. [21] reported that 
6 weeks of MPH treatment increased BDNF levels signifi-
cantly, yet Sahin et al. reported that 8 weeks of treatment 
significantly lowered BDNF levels in children with ADHD 

[22]. It was shown recently that 3 months of atomoxetine 
treatment had no significant effect on BDNF levels in adult 
patients with ADHD [23]. As a result, it can be said that 
further studies focusing on BDNF levels in ADHD and 
their response to treatment are needed.

Consequently, this study aimed to evaluate the pre–post-
difference of BDNF levels after 8  weeks of treatment 
with OROS-MPH in ADHD. We also aimed to determine 
whether there were any pre–post-differences between 
ADHD subtypes in serum BDNF levels. In addition, the 
differences in serum BDNF levels of untreated boys diag-
nosed with ADHD and healthy controls were investigated 
at the beginning of study.

Materials and methods

Participants

Boys aged 6–12 years who attended the Department of Child 
and Adolescent Psychiatry at DokuzEylul University in 
Izmir (Turkey) between 2009 and 2012 and were diagnosed 
as having ADHD in accordance with the Diagnostic and 
Statistical Manual of the American Psychiatric Association 
(DSM-IV-R) criteria using a Turkish version of the Kiddie 
Schedule semi-structured clinical interview were enrolled in 
the present study. Twenty-five of the patients and 12 of the 
healthy controls’ first data were derived from a preliminary 
BDNF case–control study conducted by Sargın et  al. from 
our team, published in Archives of Neuropsychiatry in 2012 
[18]. The patient and healthy control groups comprising 50 
each were assigned to the groups, all of whom were male. 
The controls were healthy boys matched by age. Controls 
had BDNF levels obtained once at baseline and parents of 
controls completed a clinical interview and the K-SADS-PL 
and CBCL. Potential controls with evidence of ADHD or 
comorbid psychiatric conditions were excluded (Table 1).

To check for mental retardation, each boy’s performance 
on the Wechsler Intelligence Scale for Children-Revised 
(WISC-R) was tested [24, 25].

Patients with past psychiatric treatment, chronic medical 
conditions (e.g., history of seizures, progressive/static neu-
rologic illnesses), history of severe head trauma within the 
last year (resulting in loss of consciousness for any dura-
tion), pervasive developmental disorders, substance use 
disorders, psychotic, anxiety and mood disorders, or intel-
ligence quotient (IQ) <70 were excluded. We only included 
oppositional defiant disorder (ODD) as comorbidity with 
ADHD. Four participants dropped out because their drug 
treatment adherence was inappropriate (Table 2).

All parents had to give consent before any study proce-
dure was applied to the patient. The final sample’s (boys 
with ADHD and healthy controls) mean age was 8.8 years.
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Baseline neurologic/physical examinations on all cases 
were conducted in Departments of Pediatrics to achieve 
consensus. International criteria of the World Health 
Organization (WHO) were used to calculate body mass 
index (BMI) percentiles. BMI of all subjects were within 
normal range for their age (http://www.who.int/growthref/
who2007_bmi_for_age/en/, Accessed on 10/25/2014). The 
research protocol was approved by the DokuzEylul Uni-
versity of Medical Sciences Research Ethics Committee. 
All of the study procedures were conducted in accordance 
with the principles listed in the Declaration of Helsinki 
and local laws and regulations. The study was supported 
by the DokuzEylul University Scientific Research Project 
Committee.

Treatment and assessments

Methylphenidate dosage

All patients were treatment naïve. The parents were advised 
to use OROS methylphenidate daily with no drug holidays 
at the weekends. Four participants dropped out because 
their drug treatment adherence was inappropriate.

At each visit, the parents were asked about medication 
adherence and patients who skipped their doses more than 
three times during the study period were deemed to be 
non-adherent (n = 4) and were removed from the analyses. 
Drug dosages were calculated from prescription refills and 

Table 1  Age, IQ and CBCL Rating scales at baseline in ADHD 
group and healthy controls

*p values determined by independent samples t test was used. Bold 
values indicate statistically significant results. ADHD attention defi-
cit hyperactivity disorder, IQ intelligence quotient, CBCL the child 
behavior checklist

ADHD group Healthy controls p*

Age (Mean ± SD) 8.8 ± 1.5 years 8.8 ± 1.1 years 0.999
IQ (Mean ± SD)
 Verbal 91.6 ± 11.97 96.26 ± 13.22 0.68
 Performance 99.48 ± 16.99 99.22 ± 12.42 0.93
 Total 95.10 ± 13.82 97.62 ± 12.50 0.34

CBCL (Mean ± SD)
 CBCL withdrawal 63.52 ± 12.40 53.58 ± 5.16 <0.001
 CBCL social problem 67.94 ± 8.11 55.30 ± 5.47 <0.001
 CBCL anxiety/ 

depression
64.90 ± 10.93 55.10 ± 4.84 <0.001

 CBCL thoughts 
problem

66.44 ± 12.26 60.660 ± 7.14 0.005

 CBCL attention 
problem

71.22 ± 9.19 52.64 ± 3.45 <0.001

 CBCL delinquent 
behavior

64.84 ± 12.10 57.28 ± 5.61 <0.001

 CBCL aggression 66.08 ± 10.61 50.30 ± 0.91 <0.001
 CBCL total internal-

izing score
66.00 ± 10.47 47.40 ± 4.28 <0.001

 CBCL total external-
izing score

67.54 ± 10.10 51.22 ± 8.59 <0.001

 CBCL total problem 70.60 ± 10.42 52.58 ± 8.52 <0.001

Table 2  Baseline and endpoint variables in boys (aged 6–12 years) with ADHD

ADHD attention deficit hyperactivity disorder, OROS-MPH osmotic controlled release oral delivery system- methylphenidate, IA inattentive, 
C combined, HI hyperactive/impulsive, BDNF brain-derived neurotrophic factor, ARS ADHD rating scale, CGI-S clinical global impressions-
severity

ADHD group

OROS-MPH dosage at the baseline 36 mg/day (46.0%), 27 mg/day (28.0%) 18 mg/day (18.0%) and 54 mg/day (8.0%)
ADHD IA-subtype % (n) 8.0% (4)
ADHD C-subtype % (n) 72.0% (36)
ADHD HI-subtype % (n) 20.0% (10)
ARS baseline (Mean ± SD)
ARS total score 41.64 ± 6.4
ARS- inattention score 22.3 ± 3.7
ARS-hyperactivity impulsivity score 19.1 ± 4.7
ARS endpoint (Mean ± SD)
ARS total score 27.3 ± 7.9
ARS- inattention score 14.7 ± 4.3
ARS-hyperactivity impulsivity score 12.5 ± 4.3
CGI-S baseline (Mean ± SD) 5.34 ± 0.8
CGI-S endpoint (Mean ± SD) 3.5 ± 1.1
CGI-I, good responder, %. 3.5 (IQR = 1.3)

Very much improved, 24.0 %
Much improved, 24.0 %

http://www.who.int/growthref/who2007_bmi_for_age/en/
http://www.who.int/growthref/who2007_bmi_for_age/en/
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pill count. OROS methylphenidate treatment was natural-
istic with the daily dosage individually titrated in accord-
ance with the clinical response on the CGI Scale [26]. The 
starting dose was 18 mg, titrated up to 54 mg in 4 weeks to 
yield an average dosage of 1  mg/kg/day. Follow-up visits 
were conducted at baseline, 1st, 2nd, 3rd, 4th, and at 8th 
week. Height, weight, blood pressure, adverse effects, and 
concomitant drug therapies were assessed at each visit and 
CGI-S [26] and ARS [27] were assessed at baseline and 
endpoint visits. First and third visits were made by phone 
calls.

Blood samples were collected at baseline and at week 8 
to detect BDNF levels. ADHD symptom severities at these 
points were assessed by physicians by applying the Du Paul 
ADHD Rating Scale IV (ARS) (25) and Clinical Global 
Impression-severity (CGI-S) [26].

Kiddie schedule for affective disorders and schizophrenia 
for school-age children—present and lifetime version 
(K-SADS-PL)

K-SADS-PL is a widely used semi-structured diagnos-
tic interview tool [24]. It inquiries about current and past 
episodes of child and adolescent psychiatric disorders and 
allows a diagnosis to be made. The Turkish version of the 
K-SADS-PL was reported to have good test–retest and 
inter-rater reliability [25]. In the current study, K-SADS-
PL was used to make the diagnosis of ADHD along with 
allowed comorbidities (i.e., enuresis, tic disorders).

Wechsler Intelligence Scale for Children-Revised (WISC-R)

The WISC-R was designed to measure the IQ of children 
aged between 6 and 16  years [28, 29]. The standardiza-
tion of the WISC-R for Turkish children was conducted by 
Savasir and Sahin [28]. The WISC-R along with impaired 
functioning was used to rule out mental retardation in the 
present study.

Clinical Global Impression (CGI) Scale

The CGI is a 7-item Likert-type scale that allows physi-
cians to evaluate the severity of the disorder at the time of 
assessment, relative to the physician’s past experience with 
patients who have the same diagnosis. The scores range 
from 1 (normal, not at all ill) to 7 (extremely ill). CGI-
Improvement (CGI-I) evaluates the effect of treatment from 
1 (very much improved) to 7 (very much worse, 28). Treat-
ment response is also evaluated in accordance with CGI in 
terms of therapeutic efficacy and treatment-related adverse 
effects [0 (marked improvement and no adverse effects) to 
4 (unchanged/worse and adverse effects outweigh the thera-
peutic effects, 28)]. Global improvement of the patients 

were evaluated with the physician-rated CGI-I Scale in 
this study and those with CGI-I scores of 1 (very much 
improved) or 2 (much improved) were judged as “good 
responders,” and those with scores of 3–7 were judged as 
“poor responders” as per previous studies [26].

The child behavior checklist (CBCL)

The CBCL is a standardized form that parents fill out to 
describe their children’s behavioral and emotional prob-
lems. The version for ages 4–18  years (CBCL/4–18) 
includes competence items and problems. The problems 
section consisted of 113 items on a three-point scale. Eight 
psychopathology scales (withdrawn/depressed, somatic 
complaints, anxious/depressed, social problems, thought 
problems, attention problems, rulebreaking behavior, and 
aggressive behavior) can be evaluated with CBCL [30].

Du Paul ADHD Rating Scale IV (ARS)

This scale is composed of 18 items that tap into symptoms 
of ADHD listed in the DSM-IV criteria. Each item has a 
4-point scale of 0–3. Nine of the items are related to inat-
tention and the rest are related to hyperactivity and impul-
sivity [24]. This scale was previously used in Turkish stud-
ies of ADHD [31].

In the present study, a senior physician (APA) who was 
blinded to the evaluations and treatments of children with 
ADHD conducted in the outpatient department completed 
the questionnaires according to parental reports at baseline 
and after 2 months of methylphenidate treatment.

Laboratory procedures

For the measurement of BDNF, 10 mL of blood was col-
lected from children between 09:00 and 10:00 a.m. after at 
least 12-h fasting to avoid circadian variation [32]. Samples 
were collected in tubes without anticoagulants and were 
sent to the laboratory immediately to wait in room tempera-
ture for 30 min. The blood tubes were then centrifuged at 
3000×g for 10 min and the sera collected were pipetted into 
Eppendorf tubes. The resulting sera were stored in deep 
freezer at −85 °C until the day of analysis.

A commercial sandwich enzyme-linked immunosorb-
ent assay (ELISA) kit was used to measure BDNF (Che-
miKine BDNF Sandwich ELISA CYT306, Merck Milli-
pore, Data Sheet, http://www.emdmillipore.com/, Accessed 
on 08/06/2014). The study was conducted after preliminary 
studies to determine appropriate dilution factor according 
to the manufacturer’s guidelines. After the serum samples 
were diluted by 1/7–1/10, the diluted sample (100 μL) was 
pipetted into 96-well plates pre-coated with monoclonal 
antibodies against human BDNF protein produced in mice. 

http://www.emdmillipore.com/
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Plates were incubated at 4 °C for 17 h. After incubation, all 
factors in the serum that were not bound were removed by 
four respective wash-outs. The wash-outs were performed 
by automatic equipment. Biotin-bound BDNF antibody 
(100 μL) was then added to the wells, which was incubated 
at room temperature for 2  h and then washed four times. 
Then, 100 μL of horseradish-peroxidase (HRP) enzyme 
conjugated with streptavidin was added to the wells. After 
an hour of incubation, the washing procedure was repeated 
as defined above. After this process, 100 μL peroxidase 
substrate, 3, 3′, 5, 5′-tetramethylbenzidine (TMB) was 
added to all wells, the mixture was left at room temperature 
for 15  min and then 100 μL of HCL solution was added 
to each well to stop the reaction and the absorbance of the 
reaction was read at 450  nm. Using recombinant BDNF 
standards with the samples in the same way, a calibration 
graphic was constructed and the BDNF values in the sam-
ples were defined quantitatively.

Analysis and statistics

Statistical evaluations were performed using SPSS 15.0 
program (SPSS Inc., Chicago, IL., USA). When the 50 
male subjects with ADHD and 50 male healthy controls’ 
results were compared, power analysis was found as 100% 
in our study. The Chi-square test and when needed, Fisher’s 
exact Chi-square test were used for the comparison of cat-
egorical variables. Continuous variables were compared 
using the t test. Continuous variables are reported as means 
(with standard deviations) and categorical variables are 
identified as percentages. Ordinal variables are reported as 
median and inter-quartile ranges (IQR). Pairwise compari-
sons were used to determine the source of differences. Bon-
ferroni adjustment was used for multiple comparisons. Sta-
tistical significance was determined at p < 0.05. The range 
of data was investigated and the range was normalized with 
logarithmic transformation, thus the independent t test 
was used for determining differences between the case and 
control groups’ serum BDNF levels. Difference of serum 
BDNF (week 8)—serum BDNF (baseline) was calculated 
using the paired samples t test. Descriptive statistics were 
calculated and Box plot was used for graphical presenta-
tions. Differences in mean BDNF change between ADHD 
subtypes were analyzed.

Results

The primary outcome of the present study was the change 
of plasma BDNF from pretreatment to post-treatment in 
boys with ADHD. The mean plasma BDNF levels at base-
line and endpoints were 2626.33  ±  1528.05  pg/mL and 
3255.80  ±  1908.79  pg/mL, respectively, and the increase 

of BDNF was statistically significant from baseline to end-
point (p = 0.04).

However, there were no statistically significant differ-
ences between boys with ADHD and the healthy controls 
(p = 0.22). The mean baseline serum BDNF levels of boys 
with ADHD and healthy controls were 2626.33 ± 1528.05 
and 2989.11 ± 1420.08 pg/mL, respectively.

Considering baseline and endpoint differentiation in 
serum BDNF levels between ADHD subtypes, there was 
no statistically significant difference. Even though inatten-
tive subtype had much more increased serum BDNF lev-
els from baseline to endpoint compared with combined 
subtype (p  =  0.68), combined and hyperactive/impulsive 
subtypes did not differ significantly (p  =  0.5; p  =  0.29, 
respectively). ADHD subtypes differed for baseline BDNF 
levels. Pairwise comparisons showed that baseline BDNF 
was significantly lower in ADHD-inattentive subtype 
(p  =  0.02), whereas combined and hyperactive/impulsive 
subtypes did not differ significantly. At baseline, the serum 
BDNF level was 1224.45 ± 955.40 pg/mL in the inatten-
tive group, 2774.29 ± 1281.12 pg/mL in combined subtype 
ADHD, and 2655.21  ±  2006.39  pg/mL in the hyperac-
tive/impulsive group; after treatment, serum BDNF levels 
increased to 5053.91 ± 2594.60, 2992.94 ± 1820.41, and 
3482.87  ±  1713.14  pg/mL, respectively. The increase of 
serum BDNF levels with methylphenidate treatment after 
8  weeks was significantly higher in the inattentive group 
(p = 0.005) (Tables 3, 4).

The median CGI-S score of the study group at the 8th 
week was 3.5 (IQR = 1.3). Patients with CGI-I scores of 1 
(very much improved, 24.0%) and 2 (much improved, 24%) 
at the end of the study formed almost one half of the total 
sample. Overall, 96.0% of the sample responded to treat-
ment with 4.0% remaining unchanged or worsened after 
8  weeks of treatment. The reported adverse effects were 
moderate loss of appetite (7 patients), moderate headache 
(4 patients), moderate agitation (3 patients), moderate nau-
sea (2 patients), moderate sleep disturbance (2 patients), 
moderate fatigue (1 patient), and tachycardia (1 patient).

Most of the patients with ADHD-inattentive type 
(n  =  3; 75.0%) were judged as “good responders,” 
whereas the rates of “good responders” among combined 
and hyperactive/impulsive subtypes were 50.0% (n = 18) 
and 30.0% (n = 3), respectively. When patients judged to 
be “good responders” (i.e., CGI-I 1 or 2) were compared 
with poor responders for post hoc analyses, no signifi-
cant differences in baseline and endpoint BDNF and total 
methylphenidate dose received could be found. Post hoc 
comparisons also revealed that comorbidity had no effect 
on BDNF levels (Fig. 1).

ARS and CGI assessments revealed no significant dif-
ferences of mean symptom severity between ADHD diag-
nostic subtypes according to K-SADS-PL.
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The effect of ODD comorbidity on BDNF was also evalu-
ated. A statistically significant finding could not be obtained.

Discussion

In this 8-week, single-center, observational prospective 
study, serum BDNF levels in boys ADHD and healthy 

controls were compared and the effects of OROS meth-
ylphenidate treatment on BDNF levels in boys aged 
6–12 years were evaluated. Fifty patients and fifty healthy 
controls were enrolled in the study. Although there was 
no statistically significant difference between boys with 
ADHD and healthy controls in terms of baseline serum 
BDNF levels, after 8-week OROS methylphenidate treat-
ment, we found that there was a statistically significant 

Table 3  Comparing baseline 
and endpoint serum BDNF 
levels of in boys with ADHD 
according to ADHD subtypes

Bold values indicate statistically significant results
 *p values determined by paired samples t test
ADHD attention deficit hyperactivity disorder, IA inattentive, C combined, HI hyperactive/impulsive, 
BDNF brain-derived neurotrophic factor

BDNF-Baseline (Mean ± SD) BDNF-Endpoint (Mean ± SD) p*

ADHD TOTAL (n = 50) 2626.33 ± 1528.05 3255 ± 1908 0.04
ADHD-IA (n = 4, 8%) 1224.45 ± 955.40 5053.91 ± 2594.60 0.68
ADHD-C (n = 36, 72%) 2774.29 ± 1381.12 2992.94 ± 1820.41 0.51
ADHD- HI (n = 10, 20%) 2655.21 ± 2006.39 3482.87 ± 1713.14 0.29

Fig. 1  BDNF changes after 
8 weeks of treatment with 
OROS methylphenidate in boys 
(aged 6–12 years) with ADHD 
according to ADHD subtypes

Table 4  Comparing baseline 
and endpoint serum BDNF 
levels of in boys with ADHD 
within ADHD subtypes

Bold values indicate statistically significant results
*p values determined by Kruskal–Wallis test
ADHD attention deficit hyperactivity disorder, IA inattentive, C combined, HI hyperactive/impulsive, 
BDNF brain-derived neurotrophic factor

ADHD-IA (n = 4) ADHD-C (n = 36) ADHD-HI (n = 10) p*

BDNF-Baseline 1224.45 ± 955.40 2774.29 ±  1381.12 2655.21 ± 2006.39 0.02
BDNF-Endpoint 5053.91 ± 2594.60 2992.94 ± 1820.41 3482.87 ± 1713.14 0.06
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increase of serum BDNF levels from pretreatment to 
post-treatment in boys with ADHD.

Different from results derived from a previous study 
by Shim et  al. [14], there was no significant difference 
between baseline mean BDNF levels of boys with ADHD 
and the healthy controls. However, the findings in the 
present study were in concordance with the pretreatment 
BDNF results of Sahin et  al. and our preliminary data 
[18, 22]. In the study by Shim et al., plasma BDNF lev-
els were evaluated instead of serum BDNF levels differ-
ent from our study. In addition to this difference, Shim 
et al. recruited both sexes in their study different from our 
study group, which contained only boys.

As mentioned above, the primary outcome of the pre-
sent study was the increase of serum BDNF levels from 
pretreatment to post-treatment in boys with ADHD. Pre-
vious studies on the effects of treatment on BDNF lev-
els of patients with ADHD gave contradictory results 
[21–23].

In a previous study, Amiri et al. assessed levels of plasma 
BDNF in 28 children with ADHD aged 3.5–10  years (24 
male, 4 female) before and after 6 weeks of treatment with 
methylphenidate [21]. They reported that post-treatment 
BDNF levels were significantly higher than pretreatment 
levels in agreement with our findings. In another study, 
Sahin and colleagues reported that 8  weeks of treatment 
in a study group consisting of 30 children and adolescents 
aged 6–18 years (24 males, 6 females) significantly lowered 
BDNF levels in children with ADHD [21]. The contrast 
between those results may be explained by the evaluation 
methods of BDNF levels. In our study, we evaluated serum 
BDNF levels. However, in the previous studies BDNF lev-
els were evaluated in plasma.

Tsai suggested that decreased BDNF activity in the mid-
brain region might play a role in the therapeutic action and 
pathogenesis of ADHD, especially by causing dopaminer-
gic dysfunction [11]. The increase of serum BDNF levels 
with methylphenidate treatment after 8 weeks in boys with 
ADHD could support the hypothesis proposed by Tsai. 
However, this position should be viewed with caution due 
to our limited sample size and needs replication.

The study group was mostly formed of ADHD-com-
bined subtype, and more than half of the patients had a 
comorbid diagnosis. Patients were mostly treated with 
OROS MPH 27 or 36 mg/day at baseline and received an 
estimated mean total dose of 887.2  mg of MPH during 
the study. Almost one half were judged as much or very 
much improved according to the physicians and 96.0% 
responded to treatment. ADHD subtypes tended to differ 
for baseline BDNF levels; in the comparison of combined, 
hyperactive/impulsive and inattentive subtypes, inattentive 
subtype differed significantly. Baseline serum BDNF was 
significantly lower in the inattentive group. The increase 

of serum BDNF levels with methylphenidate treatment 
after 8  weeks was significantly higher in the inattentive 
group. The difference of serum BDNF levels between the 
ADHD-inattentive subtype and other subtypes at baseline 
may support the hypothesis that BDNF levels could affect 
the severity of inattention symptoms [33].

In genetic studies, some clues were revealed for the rela-
tionship of BDNF with different subtypes of ADHD [21]. 
The findings suggested that changes of plasma BDNF lev-
els could affect the severity of inattention symptoms, which 
were called ‘omission errors’. Shim et  al. showed that 
there was a significant positive correlation between plasma 
BDNF levels and omission errors [14]. In another study 
designed by Corominas-Roso et al., BDNF levels in adults 
were found higher in inattentive subtype serum but there 
were no statistically significant differences between sub-
groups [17]. Similarly, in the study by Amiri et al., plasma 
BDNF levels in the inattentive subtype were higher than in 
the other subgroups, but not with statistical significance. 
These inconsistent findings may be the result of using dif-
ferent methodology and/or different age groups. We recom-
mend that more studies with larger sample sizes in children 
and adolescents should be performed to clarify this issue.

In our findings, there was no significant difference 
between good and poor responders to treatment in the 
whole sample for BDNF levels. Comorbidity was found to 
have no effect on BDNF changes.

It is known that BDNF in serum is higher than plasma 
levels because circulating platelets also contain BDNF and 
this is released during clotting [34]. Platelets themselves 
cannot synthesize BDNF but take it from plasma [34]. The 
cellular sources of BDNF in plasma are not known but it is 
thought to be secreted by endothelial, epithelial and mus-
cular cells, macrophages, and leucocytes [35–37]. A study 
on adult patients who were abstinent alcoholics and adult 
social drinkers reported that plasma BDNF showed higher 
within-individual and within-group variation compared 
with serum BDNF, and some subjects displayed greater 
daily variation in serum BDNF levels [38]. Incidentally, the 
same study reported low correlation between plasma and 
serum BDNF levels, which supports the view that they are 
separate pools [38].

The stress of fasting and blood drawing on children in 
our study, differing age ranges of study samples with vari-
able levels of pubertal development [20, 21, 39], inclusion 
of male patients only [39], and probable clotting [33] may 
have contributed to our results. Repeated sampling of chil-
dren during our study may also have helped to determine 
individual variation in our sample. Accordingly, further 
studies on changes of BDNF in children with ADHD who 
are being treated with stimulants would be warranted.

The main limitations of our study are its limited sample 
size, which precludes further analyses on ADHD subtypes, 
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lack of female patients, and lack of evaluation of post-
pubertal male children. There is one additional limitation. 
Although comorbid psychiatric conditions were screened 
with the K-SADS-PL, the significant differences between 
patients and controls on the CBCL may mean that some 
patients with ADHD had sub-syndromal psychiatric condi-
tions. Larger and more varied treatment arms with IR MPH 
and atomoxetine may also have enriched our results. It was 
also previously shown that BDNF levels could be affected 
by exercise, stress, anxiety, time of birth, and intra-uter-
ine nicotine exposure [40–45]. The strength of our study 
would be increased if we had controlled for these vari-
ables. Finally, as can be seen in the reports including serum 
BDNF levels, there is a wide range of distribution. This 
may cause a limitation in the comparison of BDNF levels 
among different studies. A quality control system including 
standardized control material accompanying BDNF ELISA 
kits from different companies can be proposed. Regardless 
of those limitations, our results may support the potential 
role of BDNF in the pathophysiology of ADHD, which 
should be evaluated with further, larger studies.
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