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Assessment of BDNF serum levels
as a diagnostic marker in children
with autism spectrum disorder
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There has been a significant increase in autism spectrum disorder (ASD) in the last decades that
cannot be exclusively attributed to better diagnosis and an increase in the communication of new
cases. Patients with ASD often show dysregulation of proteins associated with synaptic plasticity,
notably brain-derived neurotrophic factor (BDNF). The objective of the present study was to analyze
BDNF serum concentration levels in children with classic forms autism and a healthy control group
to determine if there is a correlation between ASD and BDNF serum levels. Forty-nine children with
severe classic form of autism, and 37 healthy children were enrolled in the study. Blood samples,
from both patients and controls, were collected and BNDF levels from both groups were analyzed.
The average BDNF serum concentration level was statistically higher for children with ASD (P <0.000)
compared to the control group. There is little doubt that BDNF plays a role in the pathophysiology
of ASD development and evolution, but its brain levels may fluctuate depending on several known
and unknown factors. The critical question is not if BDNF levels can be considered a prognostic or
diagnostic marker of ASD, but to determine its role in the onset and progression of this disorder.

Although almost eight decades have elapsed since Leo Kanner! pioneering description of the main characteristics
of the autistic disorder, which emphasized the critical deficiency in social interaction and the presence of repeti-
tive and aberrant motor-sensory behavior, its etiology is not yet fully understood. This first original description
has hardly changed to the present definition, except for the fact that autism is nowadays regarded as a spectrum
with a variable presentation that can range from mild to severe, and therefore the term autism spectrum disorder
(ASD) is generally used in this context. However, even in mild cases, most people with ASD require permanent
assistance, usually for the rest of their lives. There has been a significant increase in ASD in the last decades that
cannot be exclusively attributed to better diagnosis and an increase in the communication of new cases. Conse-
quently, the active search for etiological factors that may explain this increase remains of paramount importance®.

The pathophysiology of ASD is complicated and multifactorial, and in most patients, it is not possible to iden-
tify any etiological cause for the disorder, despite extensive medical investigations®. Several studies have suggested
that various genes may be active in the emergence of the behavioral and cognitive abnormalities that characterize
ASD. Consequently, although it is reasonable to suppose that both genetic and epigenetic and environmental
factors may contribute to the appearance of its clinical phenotype, the etiology of ASD remains elusive”.

It has been suggested that synaptic dysfunction may be a possible mechanism for the emergence and progres-
sion of postnatal neurodevelopmental disorders®. The possibility that the characteristics of the autistic disorder
behavior are due to synaptic dysfunction is substantiated by the fact that ASD characteristics are commonly
seen in patients with genetic diseases (e.g., fragile X syndrome) where there is a proven interference in synaptic
function’. Additionally, patients with ASD often show dysregulation of proteins associated with synaptic plastic-
ity, notably brain-derived neurotrophic factor (BDNF)®’. The potential involvement of BDNF in ASD derived
from studies on altered BDNF mRNA expression and BDNF protein concentrations in the blood of patients
with ASD#-11,

BDNF is a member of the neurotrophic family that also includes nerve growth factor (NGF), and neuro-
trophic factors 3 and 4 (NT3 and NT4)'2. BDNF participates in a wide range of neurophysiological processes
and is present in almost all regions of the brain'®. The most critical functions of BDNF include the regulation
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of neurogenesis, glycogenesis, and synaptogenesis, as well as neuroprotection and control of short- and long-
duration synaptic interactions that influence memory mechanisms and cognition'**>.

BDNEF is synthesized in the endoplasmic reticulum as pre-pro-BDNE, transported to the Golgi apparatus,
where it cleaves, resulting in the formation of pro-BDNE. This form is cleaved again, resulting in the mature
isoform of BDNF (m-BDNF). The pro- to m-BDNF ratio varies among the various stages of the development
of the different regions of the brain. During the early postnatal period, higher concentrations of pro-BDNF are
found while m-BDNF prevails in adulthood®.

Although a close correlation of BDNF levels in serum and central nervous system (CNS) has been widely
demonstrated in rats!’, evidence of this correlation in humans is still lacking. However, it is assumed that periph-
eral levels of BDNF indirectly reflect the levels of BDNF in the brain'®. Consequently, the concentration of BDNF
in peripheral blood could be considered a potential biological marker in evaluating individuals with ASD. As a
result of this assumption, a growing number of articles, reviews and meta-analysis have appeared evaluating the
possible changes in BDNF blood levels in ASD'-22. However, the results of the studies have been inconsistent,
some evidencing reduced BDNF serum®~%, while a larger number of other studies have shown elevated BDNF
serum levels in children with ASD as compared to healthy controls®!1?%%-32 Additionally, studies evaluating
levels of BDNF in neonates who subsequently evolved to an ASD also revealed inconsistent results**-*%. Therefore,
it seems evident that controversies exist regarding both the role of BDNF in the pathophysiology of ASD as to
its value as a possible marker of this disorder.

As a consequence of the still existing controversies, the objective of this study was to investigate the serum
levels of BDNF in a group of children with severe ASD, comparing them with healthy controls, trying to evaluate
the value of BDNF level in serum as a possible auxiliary marker in the diagnosis of ASD.

Patients and methods

In the present study, we analyzed material from a convenience sample of children with ASD treated at the Child
Psychosocial Care Center (Centro de Assisténcia Psicossocial infantil—CAPSI). CAPSI is a referral center for
the Federal District Health Department (SSE-DF), receiving children with behavioral or mental disorders from
various hospitals and healthcare centers located in Brasilia and surrounding regions. Generally, when the child
is admitted, the diagnosis of ASD has already been made by neurologists or psychiatrists from the pediatric unit
of SSE-DE The diagnosis is subsequently confirmed at the center according to the parameters established in the
Diagnostic and Statistical Manual of Mental Disorders—DSM-5%.

The study group included children with classic severe forms of ASD. The severity of autistic symptomatology
was measured using the Childhood Autism Rating Scale (CARS)*. CARS scores range from 15 to 60, and the
cutoff point for an autism diagnosis is a score of 30 or above. According to the scoring standards of CARS, scores
between 30 and 37 indicate mild to moderate autism and scores between 38 and 60 are characterized as severe
autism. All children in the study group had a score equal to or above 37 points.

Children on medication that could in any way interfere with the test result and children with mild, moder-
ate, or atypical forms of ASD such; as Asperger’s syndrome, invasive developmental disorders without further
specification, Rett’s syndrome, fragile X syndrome, and Down’s syndrome were excluded from the study.

The control group consisted of children, with no clinical characteristics of ASD, attended at the Central
Laboratory of the University Hospital of Brasilia, for routine blood tests (e.g., periodic control exams, acute
infectious states, preoperative exams). All parents and guardians, regardless of child’s age, signed the consent.
Additionally—all children over the age of 12, in addition to having their parents sign, also signed consent. The
study was approved by the Health Sciences Teaching and Research Foundation (FEPECS) Ethics Committee of
the Federal Secretariat of Health (Protocol # 3,127,531) and followed the guidelines established by the Declara-
tion of Helsinki.

Blood samples, from both patients and controls, were collected in the morning, between 8:00 and 10:00
AM, centrifuged within the first 30 min and the resulting sera were stored at — 80 °C within the following four
hours, to avoid possible changes in BNDF levels®. All samples were evaluated in duplicate using a commercially
available ELISA kit (Biosensis Mature BDNF ELISA Kit, Thebarton, Australia) according to the manufacturer’s
instructions. The use of this specific product was based on a study by Polacchini et al.*! that considered this kit
as the one that provided the most reproducible measurements of serum BDNE. The sensitivity of the assay was
2 pg/ml, and the intra and inter-assay coefficients of variation were respectively 4.31% and 6.6%.

Patient consent. Informed, written, and signed consent was obtained from parents or guardians for chil-
dren under the age of 12 and from parents, or guardians and children above the age of 12.

Ethics approval. The study was approved by the Health Sciences Teaching and Research Foundation (FEP-
ECS) Ethics Committee of the Federal Secretariat of Health (Protocol # 3,127,531).

Statistical analysis. The Shapiro-Wilk normality test was initially applied to verify the distribution of
BDNF values in both children with and without ASD. Due to a lack of normality, the Mann-Whitney non-
parametric test was applied to highlight a possible significant difference between the ASD and control groups
and between the female and male groups. Spearman’s nonparametric correlation was performed to identify a
possible relationship between age and BDNF levels. Finally, logistic regression was carried out for each group-
dependent variable (autistic and controls) to quantify the impact of BDNF levels on the probability likelihood
of having ASD.
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Variable Patients (n=49) Controls (n=37) P

Age (years) 6.74+3.35 9.32+3.54 0.001*
Sex

Male 44 (89.8%) 23 (62.2%) 0.002**
Female 5(10.2%) 14 (37.8%)

BDNF (ng/ml) 34.38+2.81 31.24+3.75 0.000*

Table 1. Characteristics of the study subjects. Frequencies (and percentages) for the categorical variable
sex and mean + SD for the variables age and BDNF levels. SD standard deviation, BDNF brain-derived
neurotrophic factor. *Mann-Whitney test. **Pearson chi-squared test.

Multiple logistic regression

Simple logistic regression (crude) (adjusted)
Variable B (SE) OR*(95% CI) | P B (SE) OR* (95% CI) | P
Age (years) - - - —0.86+0.088 0.75 (0.63;0.89) | 0.001
Sex
Male* - - - 0 1
Female - - —1.880+0.706 | 0.15(0,04;0.61) | 0.008
BDNF (ng/ml) 0.328+0.091 | 1.39 (1.16;1.66) | 0.000 | 0.396+0.109 1.49 (1.20;1.84) | 0.000
Intercept —-10.564 —10.084

Table 2. Results of simple and multiple logistic regression analysis of clinical characteristics that may be
associated with ASD. CI confidence Interval. *Odds ratio. **Male is the reference category.

Results

The study group consisted of 49 children with classic severe form of autism (44 boys; 5 girls, ages 2-15 years;
mean age 6.6 and median age 6). All children enrolled in the study were rated by the Autism Rating Scale
(CARS) (Schopler et al.*?), and displayed a score equal or above 37. The CARS scores range from 15 to 60, and
the cutoff point for an autism diagnosis is a score of 30 or above. According to the scoring standards of CARS,
scores between 30 and 37 indicate mild to moderate autism and scores between 38 and 60 are characterized as
severe autism.

Thirty-seven healthy children (24 boys, 13 girls ages 2—15 years; mean age, 9 and median age 10 years) com-
posed the control group. The characteristics of patients and controls can be seen in Table 1.

The average BDNF serum concentration level was statistically higher for children with ASD (P <0.000) com-
pared to the control group (34.38+2.81 and 31.24+3.75 ng/ml).

Simple and multiple logistic regression models were applied to establish the diagnosis of ASD tentatively.
The covariate’s sex and age were considered in employing various regression analysis models. The results are
presented in Table 2.

As can be seen in Table 2, a higher BDNF value may be associated with a greater probability of ASD (for
both crude and adjusted analysis). Additionally, age had a negative effect on the probability of ASD, that is, for
children of the same age and BDNF level, the higher the age, the lower the probability of ASD. Finally, female
children were less likely to have ASD.

The results in Table 2, the higher probability of ASD can be calculated using the following formula*.

—10.084—0.086AGE—1.880GENDER+0.396BDNF

Prob(ASD) = 1 + ¢—10.084—0.086AGE—1.880GENDER+0.396BDNF ’
where GENDER =0 if male and GENDER =1 if female.

Figure 1 presents the probability of ASD estimated by multiple logistic regression for the children with ASD
and controls cases. In general, children in the study group presented higher level of BDNF (mean: 0.742 +0.224)
than control group (mean: 0.341+0.276).

A slight correlation between CARS scores and BDNF serum levels was also found, with a Spearman correla-
tion coefficient of 0.070 (P =0.632). Children of the control group did not undergo CARS evaluation. There is
no significant correlation between CARS scores and BDNF serum levels (Spearman correlation coefficient of
0.070, P=0.632).

Discussion

In the present study, we found that the median BDNF levels in children with ASD were moderately increased
compared to the levels found in healthy children (P <0.000). However, as seen in Fig. 1, a small number of
children, both the study group and the control group, disclosed overlapping BDNF serum levels. These overlap-
ping results agree with most studies on the topic®®*® and therefore, significantly influence the sensitivity and
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Figure 1. Multiple logistic regression in children with ASD and control cases. The horizontal lines indicate the
median value, the box length represents the interquartile range (IQR=Q3-Q1) and the points are the outliers.
Despite the statistical significance of the results it is essential to point out that there are clear outliers in both
groups.

specificity of BDNF level as a marker for ASD. These overlapping results significantly influence the sensitivity
and specificity of BDNF level as a marker for ASD. However, the use of the BDNF blood levels as an instrument
for the diagnosis of ASD has been suggested by several authors?»24444>,

In our study, according to the results of multiple logistic regression and the receiver operator characteristic
(ROC) curve (Fig. 2), the optimal cutoff point (which maximizes the sum of sensitivity and specificity) was 0.60.
This cutoff point corresponds to a sensitivity of 83.7% (41/49), a specificity of 81.1% (30/37), and total hits of
82.6% (71/86).

There are many situations where BDNF levels may be altered. Therefore, despite its relatively acceptable sensi-
tivity and specificity, when used as a diagnostic test for ASD, these variables need to be taken into account. Addi-
tionally, increased or decreased levels of BDNF have been linked to a variety of disorders. Abnormal BDNF blood
levels were described in neurologic and psychiatric diseases, such as schizophrenia'®, depression and anxiety***/,
or even when only depressive personality traits are present*®. Abnormal levels of BDNF are also detected in
genetic syndromes associated with mental retardation and autistic features, such as fragile X syndrome®, and
Angelman syndrome®**!. Serum levels of BDNF are altered in children with intellectual disability and ASD
and also in children with other neurodevelopmental disorders, even in the absence of ASD*. Other disorders
in which abnormalities of BDNF were described are epilepsy?, Parkinson disease®, and Alzheimer disease™.
Nutritional quality and physical exercise® have also been linked to altered BDNF levels in patients with ASD.
Additionally, BDNF levels may also vary depending on the circadian rhythm®, patient’s advancing age®®, and
characteristics of intestinal microbiota®.

The observation further heightens the doubts regarding the efficacy of BDNF levels as a diagnostic tool for
ASD since BDNF levels tend to be higher in children with mental retardation (MR), as observed by Nelson el
al.**. These authors noted that BDNF concentrations were higher in children with ASD and in those with mental
retardation without ASD than in control children. Corroborating their results Miyazaki et al.®!, determined BDNF
levels in a group of adults with ASD and a group of adults with MR. Increased levels were found in both groups,
levels being slightly higher among the MR group. Meng et al.*?, encountered high serum BDNF levels among
a group of 82 children with ASD, observing a significant negative association between BDNF serum levels and
the children’s low IQ. Furthermore, Bryn et al.** found increased plasma levels of BDNF in children with ASD
compared with age- and sex-matched controls, observing that BDNF levels were particularly high in children
with intellectual disability. In addition, all ASD patients enrolled in studies whose results revealed normal or low
BDNF levels were intellectually normal or had, at least, an IQ over 70",

Although controversies regarding BDNF role in ASD still exist, most studies to date point to a variable
increase in its blood levels. Consequently, there are no apparent doubts regarding an abnormal functioning of
this neurotrophic factor in this disorder. The question is if BDNF is a practical and reliable marker for the diag-
nosis of ASD. In the face of a disorder with such typical clinical and behavioral characteristics, the confirmation
of the diagnosis by means of a marker that may vary depending on the patient’s age”®, diet, nutritional status
and physical activity®, circadian rhythm®”®, and the characteristics of the intestinal microbiota®*’ appears to
be of little additional support. Furthermore, despite the scarcity of studies, BDNF levels apparently cannot dif-
ferentiate ASD from cases of intellectual disability without ASD**¢!. Additionally, regardless of the inevitable
inter and intra-laboratory differences, there is still no systematization of the laboratory technique to be employed
in determining BDNF levels*!. If the determination of its levels had a satisfactory specificity and sensitivity, it
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Figure 2. The area under the ROC curve is associated with the discriminating power of a diagnostic test. The
values of the ROC curve show the difficulty in discriminating the two groups from the BDNE The ROC curve
for the possible diagnosis of ASD based on serum the BDNF levels and probabilities estimated by multiple
logistic regression. In the present configuration the area under the curve (AUC) were 0.758 (95% CI 0.658-
0.858) for BDNF and 0.869 (95% CI 0.795-0.944) according to multiple logistic regression.

would be an important instrument in the identification of newborns who might present ASD, allowing early
intervention in these cases, but the few existing studies focusing on this aspect are also controversial*>*”*. Qur
study has a few possible limitations, such as the sample size and the consequent difficulty in obtaining a better
normalized cases and controls.

Conclusion

We feel that the value of BDNF as a marker is relative: if a child displays a classical clinical picture of ASD with
normal or decreased blood levels of BDNE, the diagnosis of autism will certainly not be excluded. A review of the
studies performed to this date let little doubt that BDNF plays a role in the pathophysiology of ASD development
and evolution, but its brain levels may fluctuate depending on several still not wholly known factors. We hope
our study highlighted the importance of questioning BDNF levels as a prognostic or diagnostic marker of ASD
and highlights the need to understand better the role in the onset and progression of this disorder.

Data availability
The statistical analysis from the current study are available from the main researcher on reasonable request.
Please allow ten business days for data to be emailed.
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