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Abstract 

Background The autism spectrum disorder (ASD) has no identified biomarker for early detection or for its sever-
ity. As for the brain-derived neurotrophic factor (BDNF), it is a crucial neurotropic factor that regulates the plasticity 
and maturing of neuronal synapses. Accordingly, it might influence how children with autism develop.

Method To evaluate the BDNF serum levels in autistic children and their relationship with the illness severity as well 
as with the common drugs received by autistic patients, 60 patients with autism along with another 60 normally 
developing children were involved in the study. Using the Childhood Autism Rating Scale (CARS), the severity 
of autism was then evaluated. The ELISA method was used to measure the BDNF level.

Results It was seen that the BDNF concentrations were higher in autism patients (P < 0.001). There was also a highly 
strong positive association between the CARS score and the BDNF (P < 0.001). Using the cut-off value of > 2.8 of BDNF 
helped to distinguish between well-developing and autistic children, with the aspects of “sensitivity” and “specific-
ity” being 88.3% and 80%, respectively. Moreover, children with autism who received omega-3 had statistically lower 
levels of BDNF than those who did not take any (P = 0.040).

Conclusion The serum BDNF concentration is higher in autism; this proposes that the BDNF may contribute 
to the onset or progress of autism. Therefore, it may be used as a noninvasive biomarker for the illness severity 
because of its greater occurrence in autistic children who have severe social impairment.
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Introduction
Autism spectrum disorder (ASD) is a series of com-
plicated neurodevelopmental diseases that lead to dif-
ficulties in communication, language, and stereotyped 
behaviours [1]. In the last decades, there has been a 

substantial rise in ASD that cannot be solely attributed to 
improved diagnosis and more awareness of new cases [2]. 
As a result, it is crucial to continue searching the etiologi-
cal reasons that could explain this increase [3].

There are numerous causes that may lead to the devel-
opment of the autism phenotype, but the exact cause of 
autism is still yet unknown [4]. In other words, the causes 
of the clinical signs of ASD may be genetic, environmen-
tal, or a combination of both [5].

Synaptic disruption has been hypothesized as a poten-
tial mechanism for the development of neurodevel-
opmental diseases [6]. The likelihood that the autistic 
disorder behaviour traits result from synaptic dysfunc-
tion is supported by the observation that ASD traits are 
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frequently observed in children with genetic disorders 
(like fragile X syndrome) which have been shown to dis-
rupt the synaptic function [7].

A crucial neurotrophin for controlling synaptic plas-
ticity, lifespan, and neuronal differentiation is the BDNF. 
Since the BDNF protein was purified, clear proof of its 
crucial function in the physiology, pathophysiology, and 
development of mammalian brains has been revealed [8].

BDNF expression levels have a significant impact on 
neutron activity, which is closely related to learning and 
memory. The BDNF also affects an individual’s physical 
growth and development [9, 10].

As for the BDNF depletion, it has been linked to the 
severity of neurological dysfunction and has been found 
in both neurodegenerative and mental illnesses. The sig-
nificance of the BDNF’s role as a biomarker for ASD is 
becoming more noticed these days. However, incon-
sistent data from preclinical studies have related BDNF 
reduction to autism and intellectual disability.

A mean of 39.1% of people with autism, with or with-
out epilepsy, and 8–80% of children with ASD who are 
not epileptics had abnormal EEGs [11]. Numerous inves-
tigations raised issues about EEG changes and their pos-
sible relations to BDNF [12, 13].

Although numerous studies in rats have shown a strong 
relationship between BDNF concentrations in serum 
and in the nervous system [14], proof of this correlation 
in humans is still missing. However, it is believed that 
peripheral BDNF concentrations inadvertently mirror 
brain BDNF concentrations [15].

Accordingly, the current research has sought to evalu-
ate the serum level of BDNF and its correlation to the 
severity of social affection in autistic children, electro-
physiological activity, and the relationship between the 
synaptic disruption assessed by the BDNF and the oral 
omega-3 supplementation.

Subjects and methods
Participants
The current controlled cross-sectional study comprised 
120 children. Sixty of them had the ASD, aka the case 
group, and were treated at the Child Psychiatry Clinic, 
at Ain Shams University, while the other 60 were healthy 
children who were sex and age matched, aka the control 
group. The Diagnostic and Statistical Manual of Mental 
Disorders (DSM-5) was used to confirm the diagnosis 
of ASD [16]. Children with neurodevelopmental disor-
ders as Down syndrome or Rett syndrome were excluded 
from this research. Moreover, age, gender, BMI, and 
dietary habits were taken into consideration when pair-
ing the two groups. In order to facilitate further compari-
son and analysis, patients with autism who received an 
omega-3 supplement for 3  months (0.700  g daily syrup 

dose) as well as patients who received antipsychotics (ris-
peridone 0.5–1 mg/day or aripiprazole 5 mg/day) at the 
last 3 months were further subcategorized.

After comparing the level of BDNF between the con-
trol and ASD cases, Barbosa et al. (2020) reported a large 
effect size. Generally, a sample size of 40 control and 40 
cases would achieve a power of 80 to detect a medium-
to-large effect size (0.65), using t-test, with the signifi-
cance level being 0.05.

Regardless of the age of the child, all parents and guard-
ians agreed and approved the consent. The study com-
plied with the Declaration of Helsinki’s guidelines and 
was granted approval by the University Hospitals ethics 
committee.

Methods

Childhood Autism Rating Scale (CARS) The severity 
of symptoms of autism was assessed by the Childhood 
Autism Rating Scale (CARS) [17]. The threshold for the 
diagnosis is a CARS score value of 30, which ranges from 
15 to 60.

Wechsler Intelligence Scale for Children Both groups’ 
IQs were measured using the Wechsler Intelligence Scale 
for Children [18].

Electroencephalogram (EEG) It was done for both 
groups to assess the electrical activity of the brain in both 
groups.

Serum level of BDNF To prevent potential changes in 
BNDF levels, between 8:00 and 10:00 a.m., blood samples 
were taken, and throughout the first 30 min, the resultant 
sera were then stored for the next four hours at − 80  °C 
[19].

A commercial ELISA kit Cat. No: E1302Hu (Biosensis 
Mature BDNF ELISA Kit, Thebarton, Australia) was used 
to check the BDNF level in the serum samples. Samples, 
equipments, reagents, and standards dilutions were pre-
pared according to the manufacturer’s guidelines. The 
procedure of the assay included two wells, one with no 
material and the other labelled with biotin or streptavi-
din-HRP for the anti-BDNF antibody. The standard wells 
then included the following: a 50 μl of a ready standard 
solution containing the labelled anti BDNF antibody 
with 50 μl of streptavidin-HRP was applied to each well. 
Moreover, sample wells to be tested included the follow-
ing: a 40-μl sample, a 10-μl BDNF antibodies, and a 50-μl 
streptavidin-HRP. The prepared plate was covered and 
sealed, shacked for proper mixing, and then incubated 
at 37 °C for 60 min. Proper washing was done, and then 



Page 3 of 8Elhamid et al. Middle East Current Psychiatry           (2024) 31:18  

each well was filled with 50 μl of solution A (chromogen 
solution) and then another 50 μl of solution B (chromo-
gen solution). The plate was then gently shook and kept 
the mixture dark and at 37 °C for 10 min. In order to halt 
the reaction, the stop solution was finally added to each 
well. Subsequently, within 10  min, the OD values were 
read, and concentrations were calculated. Each sam-
ple was tested twice for BDNF levels, and the resulted 
mean of two values was used for statistical analysis. The 
assay’s sensitivity was 0.01  ng/ml, while the intra-assay 
and inter-assay coefficients of variance were at 4.31% and 
6.6%, respectively.

Statistical analysis
Version 23 of the statistical programme for social sciences 
was used to analyse the statistics that was obtained (SPSS 
Inc., Chicago, IL, USA). The Shapiro–Wilk and Kolmogo-
rov–Smirnov tests were used to determine whether the 
data was normal. The following tests were carried out: 
first of all, when comparing two means of independent 
samples, the t-test of significance was applied. Secondly, 
the Mann–Whitney U-test was used in nonparametric 
data for two-group comparisons. Moreover, to compare 
the proportions between qualitative factors, the chi-
square (χ2) test of significance was also applied. If one 

or both of the variables were skewed, Spearman’s rank 
correlation coefficient (rs) was employed to measure the 
degree of relationship between them. A receiver operat-
ing characteristic (ROC) curve research was conducted 
to assess the overall predictability of the parameter and 
determine the optimal cut-off value at which both sensi-
tivity and specificity could be detected.

Results
Regarding the demographic data of both groups, out of 
the 60 ASD children, 80% were boys with a mean age of 
6.80 ± 2.78 years old. Moreover, their mothers mean age 
was 28.03 ± 5.28  years old, whereas the father mean age 
was 33.48 ± 5.6414  years old. This is in comparison to 
the control groups’ 60 healthy controls; 66.7% of them 
were boys, with a mean age of 7.33 ± 2.91 years old. Their 
mothers mean age was 27.22 ± 4.37  years old, whereas 
the father mean age was 32.70 ± 4.87  years old, the age 
of the child, gender, mother, or father age did not differ 
statistically significantly between the two groups with the 
P-value (P > 0.05) (Table 1).

Regarding the clinical data of both groups, as for the IQ, 
the mean of the ASD group was 63.20 ± 8.79 SD, whereas 
the mean of the control group was 93.42 ± 10.5 SD, with 
a statistically significant difference, with the P-value 

Table 1 Characteristics of participants

Using: T-independent sample t-test, U Mann–Whitney test, χ2 chi-square test

Demographic data Patients group (n = 60) Control group (n = 60) Test value p-value

Child age (years)
 Mean ± SD 6.80 ± 2.78 7.33 ± 2.91 t: 1.026 0.307

 Range 3.514 4–14

Gender
 Male 48 (80.0%) 40 (66.7%) χ2: 2.727 0.099

 Female 12 (20.0%) 20 (33.3%)

Mother age (years)
 Mean ± SD 28.03 ± 5.28 27.22 ± 4.37 t: 0.924 0.358

 Range 19–40 19–39

Father age (years)
 Mean ± SD 33.48 ± 5.64 32.70 ± 4.87 t: 0.814 0.417

 Range 25–46 25–43

CAR scale
 Mean ± SD 33.77 ± 4.41

 Range 25–44

BDNF (ng/ml)
 Mean ± SD 5.50 ± 2.05  1.61 ± 1.75  U: 7.865 < 0.001**

Treatment of patients in the last 3 months
 Antipsychotics (risperidone or 
aripiprazole)
 Omega-3
 Behavioural therapy

40 (66.7%)
33 (55%)
7 (11.7%)
48 (80.0%)
31 (51.7%)
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(P < 0.001). EEG changes were positive in 16.7% of the 
ASD group versus in 8.3% in the control group, with no 
statistically significant difference between the groups, 
with the p-value (P > 0.05). The mean CARS score among 
the ASD group was 33.77 ± 4.41 SD. Among the ASD 
group, 80% of them were on omega-3 preparations; 66.7% 
of them were on antipsychotic medications, while 51.7% 
of them were on behavioural therapy.

Regarding the BDNF level, the ASD group had a sig-
nificantly higher mean level of BDNF than the nor-
mally developed control group 5.50 ± 2.05  ng/ml 
versus 1.61 ± 1.75  ng/ml, respectively, with the P-value 
(P < 0.001) (Fig. 1).

The mean BDNF level in cases with severe ASD was 
6.34 ± 2.82 SD, whereas the level in mild to moderate 
ASD cases was 5.08 ± 1.39 SD. The different cases and 
control groups using a cut-off value of P > 2.8  ng/ml of 
BDNF showed a strong discriminating chance between 
patients with ASD and typically developing children, 
with the aspects of sensitivity and specificity being 88.3% 
and 80%, respectively (Fig. 2).

Regarding the correlates with the BDNF level, there was a 
highly statistically significant positive association between 
the CARS score and the BDNF level (P < 0.001) (Fig. 3).

There was a statistically lower BDNF that was found 
in ASD children who received omega-3 than in others 
without omega-3 supplementation (P = 0.040) (Table  2). 

However, there was no correlation between the use of 
antipsychotics, brain non-stimulants, or behavioural 
therapy with BDNF level.

Discussion
Although there are many researches and studies that 
were done to find out a biomarker for the diagnosis or 
severity of autism, autism still remains one of the most 
difficult disorders to be biochemically diagnosed [20]. 
The BDNF is emerging as a promising chemical that 
could aid in the understanding of a variety of neurodevel-
opmental illnesses.

In the study, 60 autistic Egyptian children were compared 
to 60 age- and sex-matched normally developing controls 
for their serum BDNF levels in order to assess the serum 
BDNF’s suitability for the diagnosis of ASD patients. Over-
all, the current study found a substantial difference in blood 
BDNF concentrations in autistic children with a high dis-
criminating capacity when compared to controls. This was 
supported by other studies, like in the ones done by Bar-
bosa et al., Meng et al., and Miyazaki et al. [3, 21, 22], which 
revealed that the BDNF concentrations were higher in 
children with autism than in the controls (34.38 ± 2.81 and 
31.24 ± 3.75 ng/ml) with (P < 0.000).

The enhanced BDNF response in some autism patients 
is thought to represent an immune cell response that is 
dysregulated in autism. Different BDNF responses were 

Fig. 1 The box plot between patients group and control group according to BDNF showing patients had significant higher levels of BDNF 
with P-value < 0.001
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identified within the autistic group depending on the 
time of onset. That is because the early onset as well as 
severe forms of ASD show a higher level of BDNF [23].

Another hypothesis for higher BDNF levels in autism is 
that BDNF and its receptor, TrkB, cause synaptic transmis-
sion activation. Other receptors, like FMRP and PTEN, as 
well as TSC1/2, inhibit these excitations under normal set-
tings. Without this negative regulation, excitatory activity 
would be uncontrollable in pathological situations [24]. As 
a result, it is reasonable to speculate that synaptic disrup-
tion may be implicated in the formation and progression 
of autistic symptoms. Elevated BDNF levels may therefore 
contribute to neuronal synaptic dysfunction.

This study found a statistically significant positive asso-
ciation between the CARS score and the BDNF (P < 0.001) 
which was consistent with Meng et al.,  [21], whereas 
there was a substantial correlation between blood BDNF 
levels and CARS scores, with the mean CARS score being 
43.5 points (SD 4.7), r [Spearman] = 0.328, P < 0.0001). On 
the other hand, the study of Barbosa et al.,  [3] showed a 
correlation between CARS and BDNF levels, but it was 
not statistically significant (P = 0.632).

It has been proposed that the brain volume expansion 
of early ASD children’s is mostly caused by enhanced pro-
liferation of neural precursor cells. Neurotrophic factors 
boost the growth of embryonic progenitor cells that pro-
duce neurons. The appropriate growth and the function 

Fig. 2 ROC curve analysis exhibits effective discriminating power 
of the BDNF between control and patients autistic children 
at a cut-off value of > 2.8, with sensitivity and specificity being 88.3% 
and 80%, respectively

Fig. 3 The scatter plot showing a strong significant association between BDNF and CAR scale with P-value < 0.001
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of the nervous system depend on the temporally con-
trolled amounts of BDNF that are present during devel-
opment [25]. Consequently, in the early stages of autism, 
aberrant BDNF regulation results in future long-term 
abnormalities in brain function and structure. Addition-
ally, it has been noted that disruption in brain develop-
ment in autistic children occurred before the majority of 
clinical characteristics of the condition, increasing the 
likelihood of the BDNF abnormalities seen in ASD chil-
dren contributing to the overgrowth in the brains of early 
ASD children. For these reasons, using BDNF blood lev-
els as a diagnostic tool for ASD is recommended [26].

In this research, the mean IQ for the cases was 
63.20 ± 8.79 SD compared with 93.42 ± 10.55 SD for 
the controls with a significant difference with the 
p-value < 0.001, yet there was no significant correlation 
with the BDNF level among the patients group. This 
did not match the findings of Bryn et al.  [27] and Meng 
et al.  [21] as there was a statistically significant nega-
tive relation between the BDNF levels in serum and in 
IQ (P < 0.0001). This discrepancy in the results can be 
explained as all ASD patients enrolled in these studies 
had good cognitive functions, i.e., an IQ level of more 
than 70 at least.

The structural elements of cell membranes, particularly 
in the central nervous system, include omega-3 long-
chain polyunsaturated fatty acids, especially docosahex-
aenoic acid. These acids promote the development and 
differentiation of nervous system, synapses, visual acuity, 
and even the control of gene expression. Moreover, they 
also control systems that combat inflammation and oxi-
dative stress [28].

The current research examined the relationship 
between omega-3 supplementation and the synaptic 

dysfunction marker (BDNF) level in autistic patients 
because synaptic dysfunction, impaired fatty acid metab-
olism, and decreased omega-3 fatty acids have been 
related to the underlying etiology of neurodevelopmental 
disorders [29]. While studies like Avraham et al.  [30] and 
Doaei et al.  [31] and Weiser et al.  [32] reported that oral 
supplementation with docosahexaenoic acid improved 
autism spectrum behaviours in kids with ASD, they did 
not however assess its impacts on the neural biochemi-
cal markers. Other studies, like Mankad et al.  [33] and 
Voigt et al.  [34], discovered a negative role of this 
supplementation.

Consequently, in the current study, by comparing the 
serum BDNF levels in children with ASD who received 
omega-3 to the ones in others without omega-3 sup-
plementation, those who received the supplement 
orally on a regular basis for 3  months had signifi-
cantly lower BDNF levels. This suggests that omega-3 
may indeed play a protective role against synaptic 
dysfunction.

This positive effect of omega-3 fatty acids supplementa-
tion on serum BDNF levels may also suggest that people 
with ASD have a weak endogenous intrinsic antioxidant 
system which may be the cause behind the patients’ syn-
aptic dysfunction, opening the door to using biochemi-
cal markers to ascertain the kinds of antioxidants given to 
ASD patients in order to assess any potential therapeutic 
effects. Further research is still required though.

Implication and limitations
There are ongoing disputes over autism’s fundamental 
mechanisms despite extensive research into the dis-
ease. The results of this study add to the body of data 
about the precursor-product molecule unbalance, and 
the contribution of BDNF in the etiology of autism can 
help with targeted interventions to restore the bal-
ance of metabolites and reduce symptoms of social 
impairment.

The study does, however, have significant drawbacks. 
First, the number of participants was relatively too small 
to declare that this serum parameter may be a predictor 
of the severity and progression of ASD. As the marker 
was only obtained peripherally, its validity for issues 
with the brain is questionable. Moreover, possibility that 
antipsychotics could affect the BDNF levels has to be 
more investigated in further studies. The current study 
has another limitation which is the lack of measurement 
of omega-3 levels, so further researches and trials studies 
are required to pinpoint the precise effects of exogenous 
antioxidant on the clinical features and neurobiochemical 
markers of autism. However, this study can be considered 
as a nucleus for further researches to study pathogenesis 
of increased BDNF in autism.

Table 2 The correlation between BDNF and other variables

Using: Spearman’s rank (rs)

Parameters BDNF

R-value p-value

Child age (years) 0.151 0.250

Mother age (years) 0.172 0.190

Father age (years) 0.104 0.431

History of convulsions 0.162 0.217

EEG 0.155 0.238

CAR scale 0.408  < 0.001**

IQ test  − 0.165 0.207

Antipsychotics 0.060 0.650

Non-stimulants  − 0.118 0.371

Omega-3  − 0.265 0.040*

Behavioural therapy  − 0.139 0.288
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Conclusion
This study findings enhance the role of BDNF in autism 
and its use as a diagnostic as well as a characterization 
marker of severity in autism spectrum disorders. Its 
affection by omega-3 fatty acid supplementation may 
make researchers wonder whether oxidative stress plays 
a part in synaptic dysfunction and subsequently in the 
onset and progression of disease.
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