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Abstract
Background: To date, researchers do not fully understand what the aetiology of attention deficit hyperactivity
disorder (ADHD) is. As a neurotrophin, the brain-derived neurotrophic factor (BDNF) contributes to the growth of
neurons as well as to the efficiency and plasticity of the neuronal synapse, which suggests that it may be a
contributing aetiological factor in ADHD. Therefore, we sought to investigate the relationship between ADHD and
plasma BDNF, including whether there is an association between BDNF and the degree of severity of ADHD and
with ADHD subtypes.
Results: We found significantly elevated plasma BDNF in ADHD subjects in comparison with healthy subjects, but
differences among the three subtypes of ADHD did not reach statistical significance.
Conclusion: Compared with the control group, elevated plasma BDNF levels were found in the ADHD group,
which suggests it may contribute to the aetiology of ADHD.
Keywords: Attention deficit hyperactivity disorder (ADHD), Brain-derived neurotrophic factor (BDNF), Etiology,
Neurobiology

Background
Attention deficit hyperactivity disorder (ADHD) is a frequently occurring disorder with onset in childhood and
one that causes stress to the individual and to families as
it can adversely affect academic performance as well as
economic and vocational domains [1]. Worldwide, rates
of ADHD range from 3.4 to 7.2% [2, 3] and in Egypt and
Saudi Arabia, have reached as high as 9.4 and 11.6%, respectively [4, 5]. Its etiology, however, remains unclear
[6]; although there is evidence supporting the role of the
noradrenergic and dopaminergic systems [7–9]. Hence,
medications that act on these systems are efficacious in
the treatment of ADHD [6]. Yet, their efficacy has been
called into question, as they do not address the broader
clinical needs of these individuals. Therefore, traditional
approaches to thinking about ADHD and its etiology are
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being challenged and have been a focus for investigation
in the field [10].
Brain-derived neurotrophic factor (BDNF) is a neurotrophin that has received attention in ADHD because of
its role in synaptic efficiency and plasticity [11, 12]
through its effect on the survival and differentiation of
dopaminergic neurons of the midbrain [13]. In addition,
BDNF has an effect on serotonergic, cholinergic, and
GABAergic neurons [14], suggesting it has an association to attention and cognition [15].
BDNF gene expression has been linked to the level of
serum or plasma protein in a number of psychiatric disorders [16–21], with several studies supporting BDNF’s
role in ADHD [8, 15, 22–25]. Serum and plasma BDNF
correlate highly with their CSF levels [26]. Because circulating BDNF might originate from brain glial cells and
neurons (as it crosses the blood–brain barrier bidirectionally), plasma BDNF rather than stored BDNF in the
platelets better reflects the level of circulating BDNF [8].

© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

El Ghamry et al. Middle East Current Psychiatry

(2021) 28:22

Changes in BDNF levels have previously been reported
in ADHD [8, 24, 27–34] but findings have been mixed,
with some reporting elevated BDNF in children with
ADHD in comparison with control subjects [8, 30, 34],
while others found no significant differences [24, 27, 29,
31, 32] and others observing significantly lower levels of
BDNF in ADHD [28, 33]. Methylphenidate is known to
increase dopamine and norepinephrine signaling in the
brain [35, 36], and both these neurotransmitters contribute to regulating BDNF expression in the hippocampus
[37, 38]. The few studies that have been conducted in
Egypt investigating BDNF levels in ADHD were carried
out in small samples [39–41], the largest of which included 35 subjects [40]. Therefore, we sought to carry
out our study with a larger number of subjects involving
60 patients with ADHD to compare plasma BDNF levels
to healthy controls. We also sought to investigate
whether plasma BDNF correlated with symptom severity
of the disorder.

Methods
Participants

Ninety participants were recruited from the Child Psychiatry outpatient department at Okasha Institute of
Psychiatry, Ain Shams University, Cairo, Egypt. We divided the participants into two groups. The patient
group comprised 60 drug-naïve children who have a
newly received Diagnostic and Statistical Manual of
Mental Disorders, 4th edition (DSM-IV) diagnosis of
ADHD, between 6 and 12 years old, with an IQ of at
least 90 on the Wechsler Intelligence Scale for Children
(WISC), and who had no past medical history. The control group included 30 children matched for age and sex
with the case group. These were healthy children recruited from children of workers at Ain Shams University Hospital. We excluded patients who had another
neurodevelopmental disorder (such as Tourette’s syndrome, a long-standing tic disorder, or a pervasive developmental disorder), had an IQ of less than 90, had
schizophrenia or another psychotic disorder, had a longterm comorbid medical condition, or were receiving
long-term medications.
Tools

We collected sociodemographic data for all participants
and used the following tools:
1. Fahmi & Sherbiny scale [42]: This was used to
determine the socioeconomic status (SES) of
participants, with a higher score indicating better
SES. It categorized subjects into four levels: very
low, low, middle, and high SES.
2. Kiddie Schedule for Affective Disorder and
Schizophrenia for School-Age Children (KSADS)
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[43], Arabic Version (Moussa S, Emadeldin M,
Amer D, Awad MI, Ghanem M, Amin W, Zaki HS,
Adel M (2011). Arabic version of Kiddie-Schedule
for Affective Disorders and Schizophrenia. Unpublished manuscript- Cairo, Egypt: Cairo University):
This was used to diagnose ADHD and exclude
other psychiatric comorbidities. It consists of supplemental diagnostic assessments for 20 psychiatric
disorders.
3. Wechsler Intelligence Scale for Children (WISC) [44]:
This well-recognized tool was used to measure general intelligence and includes verbal and performance subtests, as well as an overall score for total
intelligence. For our study, we used the Arabic version [45].
4. Conners’ Parent Rating Scale–Revised Long Version
(CPRS-R: L) [46]: This is an 80-question parentreported rating scale that assesses ADHD symptom
severity. Responses are scored based on the frequency
of occurrence from 0 (not true) to 3 (very true). For
our study, we used the Arabic version [47].
5. Plasma BDNF Enzyme-linked immunosorbent assay
(ELISA kit) [48]: The human brain-derived neurotrophic factor ELISA kit (catalog #10186), containing an in vitro enzyme-linked immunosorbent assay,
was used for the quantitative measurement of human BDNF in plasma, with a detection range of
0.5–10 μg/L). Laboratory investigations were performed in the central laboratory of Ain Shams University Hospital under standard sanitary conditions.

Procedure

We recruited participants in the period between June,
2016 and June, 2017. The Research Ethics Committee of
the Faculty of Medicine, Ain Shams University granted
approval for the study (number FWA 00001785 MS
638). If subjects fulfilled the inclusion criteria and agreed
to take part in the study, they were included. The purpose of the tests was fully explained to all participants.
After informing them about the details of the study, we
got informed written consent for taking part in the study
first by asking the child’s parent’s permission and then,
if it was appropriate for their age, by getting agreement
from the participating child.
After collecting demographic data, a full physical
examination was carried out to exclude any medical
conditions. A full psychiatric history and examination
according to DSM IV were performed using the KSADS.
General intelligence was assessed using the Arabic WISC
to determine eligibility for participation. Information
about SES collected from one of the parents using the
Fahmy and El-Sherbini scale. ADHD severity was
assessed using the CPRS-RL.
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For plasma BDNF, a trained nurse, under standard
conditions, collected a 5-cc blood sample from participants. Samples were transferred to the laboratory on the
same day for centrifugation. Plasma was stored at – 70
°C. A trained technician carried out the analysis. The
package contained 96 kits, with 6 kits used for
standardization procedures and the remaining 90 kits allocated to patients (60 kits) and controls (30 kits).
Laboratory procedures
Plasma BDNF Enzyme-linked immunosorbent assay (ELISA
kit) [48]

It contained purified human BDNF that coated the microtiter plate. Then after the formation of solid antibodies, BDNF was added to the wells. Labeled
horseradish peroxidase enzyme was then combined with
the BDNF antibody resulting in the formation of an antibody–antigen–enzyme complex. Addition of tetramethylbenzine then took place after complete washing.
The substrate of the tetramethylbenzine then turned
blue with catalyzation of the horseradish peroxidase.
Adding a stop solution resulted in termination of the reaction, and a wavelength measuring 450 nm was used to
determine the change in color. The optical density of
plasma samples of study subjects was compared with a
standard curve to then determine the level of BDNF for
each subject.
Statistical analysis

Data were analyzed using the Statistical Package for Social Science (SPSS-20). A 0.80 power of the study was
done, with calculations at 95% confidence intervals and
0.05 for α error. Descriptive statistics included mean and
standard deviation (SD) for numerical data, and frequency and percentage of non-numerical data. Student t
test and analysis of variance (ANOVA) were used to
compare the differences between means; chi-square was
used to investigating the differences between categorical
variables; Fisher’s exact test was used for differences
between categorical variables that had a count that was
< 5. Pearson’s (“r”) and Spearman’s (“rs”) analysis were
used to assess correlations. Statistical significance was
considered when p values were less than 0.05.

Results
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group was 8.37 (SD ± 1.79) years. The mean age of onset of symptoms in children with ADHD was 5.27 (SD
± 0.71) years, and the mean duration of illness was 3.08
(SD ± 1.62) years (Table 1).
Intelligence quotient (IQ) of the case and control groups

As measured by the WISC, mean total IQ of children in
the ADHD group was 97.07 (SD ± 6.01), mean verbal IQ
was 99.13 (SD ± 6.37), and mean performance IQ was
95.68 (SD + 8.41). For the control group, the mean total
intelligence quotient (IQ) of the children was 96.93 (SD
+ 4.67) as measured by the Wechsler Intelligence Scale
for Children (WISC), the mean verbal IQ was 97.27 (SD
± 5.95), and the mean performance IQ was 97.50 (SD ±
7.70). No significant differences between cases and controls were found regarding total, verbal, or performance
IQ (p > 0.05).
Diagnostic subtypes of the ADHD group and severity of
symptoms assessed by Conners’ scale

In terms of the distribution of diagnostic subtypes of the
ADHD group, five (8.3%) subjects had inattentive type,
15 (25%) had hyperactive type, and 40 (66.7%) had the
combined type.
As for the severity of ADHD symptoms, our assessment in the case group using Conners’ Parent Rating
Scale (long version) revealed significant problems in a
number of its domains. Results are as follows: oppositional (mean 67.87, SD = 10.80), cognitive impairment
(mean = 71.73, SD = 9.77), and hyperactivity (mean =
75.6, SD = 10.46) as shown in Table 2.
BDNF in healthy versus control subjects

Comparison between children with ADHD and healthy
children regarding levels of plasma BDNF (ng/ml) revealed that children with ADHD exhibit higher levels of
plasma BDNF (27.47 ± 18.37) than in healthy controls
(12.30 ± 7.17). This difference of levels of plasma BDNF
was statistically significant (Table 3).
On comparing the BDNF levels between each subtype
and controls, significant differences were found between
the hyperactive and combined subtypes of ADHD and
the control group but not between the inattentive type
and controls (Table 4).

Sociodemographic features

A total of 90 participants took part and were divided
into a case group with 60 participants with ADHD and
a control group of 30 matched healthy controls. Fortyfive subjects (75.0%) of the ADHD group were males,
and 15 were females (25.0%), while 20 subjects (66.7%)
of the control group were males, and 10 (33.3%) were
females. The mean age of the ADHD group was 8.18
(SD ± 1.61) years, and the mean age of the control

Correlation BDNF with ADHD severity

The correlation between plasma BDNF level and severity
of ADHD symptoms in the ADHD group as assessed by
the Conners’ Parent Rating Scale showed a significant
negative correlation between plasma BDNF levels and
emotional lability. There were no statistically significant
correlations with the remaining domains of Conner’s
Parent Rating Scale (Table 5).
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Table 1 Sociodemographic characteristics
Cases
n = 60

Control
n = 30

Test value

p value

Male

45 (75.0%)

20 (66.7%)

χ2 = 0.69

0.405(C)

Female

15 (25.0%)

10 (33.3%)

Mean

8.18

8.37

t = 0.51

0.61(T)

SD

1.61

1.79

Mean

16.14

16.22

t = 0.36

0.717(T)

SD

1.06

1.03

Illiterate

3 (5.0%)

0 (0.0%)

3.46

0.482(F)

Primary

3 (5.0%)

3 (10.0%)

Preparatory

17 (28.3%)

11 (36.7%)

2.78

0.249(F)

4.06

0.251(F)

χ2 = 0.58

0.446(C)

χ2 = 7.09

0.008(C)

Gender

Age

Body mass index

Father’s education

Secondary or technical school

34 (56.7%)

16 (53.3%)

University

3 (5.0)

0.00%

9 (15.0%)

5 (16.7%)

Mother’s education
Illiterate
Secondary or technical school

46 (76.7%)

19 (63.3%)

University

5 (8.3%)

6 (20.0%)

Very low

7 (11.7%)

3 (10.0%)

Low

13 (21.7%)

11 (36.7%)

Moderate

31 (51.7%)

15 (50.0%)

High

9 (15.0%)

1 (3.3%)

Yes

10 (16.7%)

7 (23.3%)

No

50 (83.3%)

23 (76.7%)

22 (36.7%)

3 (10%)

38 (63.3%)

27 (90%)

Socioeconomic class

History of consanguinity

FH of psychiatric illness
Yes
No
(T)

t test,

(F)

Fisher’s exact test,

(C)

*

chi-squared test, * statistically significant

Discussion
BDNF levels in ADHD versus control groups

Our study found that children with ADHD exhibited significantly higher levels of plasma BDNF than healthy
controls. This finding is in line with Shim et al. [8] who
found elevated levels of plasma BDNF in subjects with
ADHD than in healthy subjects. Similar to our study,
they measured plasma BDNF, with the groups matched
by body mass index (BMI) and age. Similarly, the Egyptian study by Reda et al. [39] found that plasma BDNF
in a group of children with ADHD was higher than in a
control group of children, with the difference being statistically significant. Shim et al. [8] hypothesized that
differences in BDNF levels might be due to BDNF

upregulating in children with ADHD as a compensatory
response for the abnormalities occurring in brain pathways involving serotonin and dopamine [8]. This is in
line with Miyzaki et al. [49] who also observed significant increases of BDNF in conditions such as intellectual
disability and autism spectrum disorders, in comparison
with healthy participants.
Meanwhile, contrary to our findings, another Egyptian
study conducted by Sayyah [41] reported that plasma
BDNF in children with ADHD children was not significantly different from controls. The difference in our
findings might be due to the fewer number of participants in their study, as it included 21 ADHD subjects
and 20 controls. In addition, a number of ADHD cases
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Table 2 Severity of ADHD in the patient group as assessed by Conners’ Parent Rating Scale
Conners’ Parent Rating Scale domain

Mean

Standard deviation

Significance

Oppositional

67.87

10.80

Clinically significant

Cognitive impairment

71.13

9.77

Clinically significant

Hyperactivity

75.60

10.46

Clinically significant

Anxiety–shyness

48.43

4.36

Normal

Perfectionism

48.15

4.33

Normal

Social problems

49.23

4.81

Normal

Psychosomatic

48.18

4.31

Normal

Conners’ ADHD index

72.83

6.90

Clinically significant

Conners’ index: restless–impulsive

74.28

10.24

Clinically significant

Conners’ index: emotional lability

67.45

15.05

Clinically significant

Conners’ global index

70.85

9.77

Clinically significant

DSM-IV: inattentive

70.08

8.15

Clinically significant

DSM-IV: hyperactivity–impulsive

74.28

10.24

Clinically significant

DSM-IV: total

76.53

10.13

Clinically significant

in their sample were already receiving treatment (unlike
our study where ADHD were drug-naive), which may
have influenced their outcomes [41].
On the other hand, Sargin et al. [32] and Scallestia
et al. [24] found no statistically significant difference in
serum BDNF levels between ADHD and control groups.
The difference with our study may be due to our study
measuring plasma BDNF, whereas these studies measured serum BDNF, which is about 20-fold more concentrated. It has been debated whether plasma or serum
measurements are more reliable in reflecting BDNF
levels in the brain, with some suggesting that it is plasma
because of the minimal effect of stored platelet BDNF
[8], while others support the validity of serum samples
as they may reflect the role of either the illness or its
treatment, during which there is an accumulation of
platelet BDNF [2].
Different sampling methods and different laboratories
may contribute to different results. Karege et al. [26] reported that there were variations in the level BDNF that
was taken from plasma, serum or whole blood samples,
according to the laboratory where the analysis was carried out. Therefore, the type of tubes in which samples
are collected or the type of ELISA kit used may result to
BDNF readings being different between studies.
Contrary to our results, the study in Iran by Saadat et al.
[33] found significantly lower plasma BDNF levels ADHD

patients compared with controls. The difference between
our results and Saadat et al. may be due to the lower age
range of their study which was 3.5–10 years. Different
BDNF levels at different ages have been reported, with
BDNF levels decreasing as age increases [49].
BDNF and ADHD subtypes

Regarding BDNF levels among different subtypes in the
ADHD group, our study showed that children with attention deficit-predominant type had a lower plasma
level of BDNF than children with combined type and
hyperactivity-predominant type ADHD, but none of
these were statistically significant differences. Similar to
our finding, Sargin et al. [32] reported no significant link
between the different subtypes of ADHD and serum
BDNF. Saadat et al. [33] also found no significant differences in plasma BDNF levels between ADHD subtypes.
On the other hand, Sayyah [41] found significantly lower
plasma BDNF levels in the inattentive compared with
the hyperactive type of ADHD. However, they found no
significant difference between the hyperactive and combined subtypes, nor between the inattentive and combined types.
In the current study, on comparing plasma BDNF in
different diagnostic categories of ADHD and controls,
differences between each of the hyperactive and combined subtypes of ADHD when compared with the

Table 3 Comparison between the two studied groups regarding plasma BDNF level
Cases
n = 60
Plasma BDNF level (ng/ml)

Control
n = 30

T test of significance

Mean

SD

Mean

SD

t

p value

Sig.

27.47

18.37

12.30

7.17

– 5.60

< 0.001

Significant
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Table 4 Comparison between plasma BDNF among control
group and ADHD group; its clinical subtypes

Correlation of BDNF and ADHD symptoms

BDNF level (ng/ml)

ANOVA

Mean

SD

F

p value

sig.

12.30

7.17

7.28

< 0.001*

S

Type
Control
Inattentive

17.30

5.99

Hyperactive

30.63

18.14

Combined

27.55

19.28

*

Post hoc test: control vs hyperactive (S) & control vs combined (S)

control group were found which were significant,
whereas there was no significant difference between the
inattentive group of children and the control group.
Contrary to this finding, Sayyah [41] found a significantly reduced plasma BDNF in the inattentive type of
ADHD compared with the controls. Similarly, Saadat
et al. [33] found that the level of plasma BDNF in the
various categories of ADHD (hyperactive/impulsive, inattentive and combined) were of a significant difference
in comparison to controls. The difference between our
study and other studies regarding different BDNF levels
between different subtypes of ADHD may be due to our
sample having a small number of subjects with the
inattentive type that represented only 8.3%.
BDNF levels and gender

Our study found no significant differences in the levels
of BDNF between males and females in either group.
Findings from other studies that assessed the possible
difference of BDNF level between sexes also found no
differences [8, 41].

Regarding BDNF levels and severity of ADHD symptoms, a significant negative correlation between emotional lability and BDNF was found. This might point to
the fact that BDNF is highly expressed in the limbic system and the cerebral cortex, making it a mandatory factor in the regulation of affective and reward process
[50]. On the other hand, research has shown that downregulation of BDNF is associated with increase in
anxiety-like symptoms [51]. The exact explanation of the
negative correlation between BDNF and emotional lability is not clearly understood owing to the difficulty in
defining the term of emotional lability and its heterogenicity, and its amplification of an underlying complex
psychopathology [52]. Otherwise, no significant correlation between BDNF levels and the scores of the
remaining domains of CPRS were found. Similarly, Sargin et al. [32] found that serum BDNF and the severity
of impairment due to ADHD did not significantly correlate. Similarly, Saadat et al. [33] found no significant association when correlating the level of BDNF with
ADHD severity, also using the CPRS. In contrast to this
finding, Shim et al. [8] observed a significant positive
correlation between the severity of inattention symptoms
in ADHD and the level of BDNF in the plasma. However, the process of how BDNF can affect ADHD severity is still not understood. Reda et al. [39] reported that
BDNF correlated negatively with hyperactivity/impulsivity and positively with anxiety/shyness. The difference
between the results of the current study and the previously discussed study is probably due to the use of different scales for assessing the severity of symptoms of
ADHD. Shim and colleagues used the K-ARS (Korean

Table 5 Correlation between Conner’s Parent Scale scores and BDNF level among cases
Correlation between Conners’ domains with plasma BDNF levels (μg/L)

r value

p value

Oppositional

− 0.085

0.517

Cognitive impairment

− 0.086

0.513

Hyperactivity

0.104

0.427

Anxiety–shyness

− 0.247

0.057

Perfectionism

0.041

0.757

Social problems

0.042

0.749

Psychosomatic

0.087

0.509

Conners’ ADHD index

0.022

0.867

Conners’ index: restless–impulsive

0.118

0.368

Conners’ index: emotional lability

− 0.353

0.006*

Conners’ global index

− 0.211

0.106

DSM-IV: inattentive

− 0.095

0.469

DSM-IV: hyperactivity–impulsive

0.104

0.427

DSM-IV: total

0.094

0.474

*Statistically significant

El Ghamry et al. Middle East Current Psychiatry

(2021) 28:22

ADHD Rating scale), and Shim et al. and Reda et al.
used different inclusion criteria than our study. For example, both of the previous two studies used a different
threshold for IQ, where subjects were included if their
IQ was > 70, which is different to our study and may
explain differences with our findings.
Limitations

Our entire case sample was selected from the Child
Psychiatry Clinic, which represents cases with more severe symptoms; hence, it is difficult to generalize our results to the general population. Our study also did not
investigate the effect of diet, exposure to smoking, physical activity, or any other environmental factors that
might affect the BDNF levels.
In addition, our sample included a small proportion of
subjects with the predominantly inattentive subtype of
ADHD. Also, we did not correlate IQ data for attention
and concentration with BDNF levels.

Conclusions
Children with ADHD exhibit higher levels of plasma
BDNF levels in comparison with age- and sex-matched
healthy controls. There is no obvious correlation between the severity of symptoms in children with ADHD
and their plasma BDNF level. Our study showed that
children with attention deficit-predominant type had a
lower plasma level of BDNF than children with combined type and hyperactivity-predominant type ADHD
yet no significant difference between subtypes of ADHD
regarding BDNF level was detected. This raises the question of the possibility that drugs acting on enhancement
of BDNF might play an important role in the improvement of patients with ADHD not only on symptomatic
level but on the neurodevelopmental level. However, further studies are needed with larger sample sizes. However, we must take into consideration that our sample
was not representative of the inattentive diagnostic
subtype.
Recommendations

As BDNF plays a curial rule in neurogenesis and synaptic transmutation, further studies with larger sample
sizes are needed to explore different domains concerning
ADHD and BDNF as cognitive functions and changes to
BDNF in relation to medication, as well as other psychiatric disorders as ASD and mood disorders in children.
Future research should also follow up drug-naïve ADHD
after different drug treatments.
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