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Determination of Serum Vascular Endothelial Growth Factor Levels
in Attention Deficit Hyperactivity Disorder: A Case Control Study
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Objective: The effect of vascular endothelial growth factor (VEGF) on neuronal development is known, but its relation-
ship with attention deficit hyperactivity disorder (ADHD), a neurodevelopmental disorder, has not yet been fully eluci-
dated. To our knowledge, this is the first human study investigating serum VEGF levels in ADHD patients. In this study,
it has been aimed to compare serum VEGF levels between a healthy control group and in ADHD patients to help
determine the association between serum VEGF levels and ADHD.

Methods: This study sample included forty-four patients diagnosed with ADHD and 43 healthy volunteer controls be-
tween 7 to 14 years old. Blood samples were taken from patients and the healthy control group to assess their serum
VEGF levels. VEGF levels were calculated by subjecting the optical densities of the samples to concentrations of known
standards as provided in the ELISA kit and then performing a regression correlation analysis.

Results: The mean VEGF level of the children was 333.6 + 209.8 in the ADHD group and 341.3 + 201.8 in the control
group. There were no statistically significant differences in serum VEGF levels between the ADHD and control groups
(U =926.000, z = —0.170, p = 0.865).

Conclusion: There was no significant difference in serum VEGF levels for untreated ADHD cases and a healthy control
group. This is the first human study investigating serum VEGF levels in ADHD patients, so there is a need to replicate
these findings.
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INTRODUCTION

ily of molecules that regulate the development, main-
tenance, function, and programmed cell death of neu-

Attention deficit hyperactivity disorder (ADHD) is a
persistent neurodevelopmental disorder characterized by
inattention, hyperactivity, and impulsivity that affects 5.29%
of children and adolescents and 2.5% of adults world-
wide [1,2]. Although biochemical, genetic, psychological
and environmental factors are considered part of the etiol-
ogy of ADHD, recent studies have investigated the rela-
tionship between ADHD and neurotrophic factors in chil-
dren and adults [3]. Neurotrophins (NTs) belong to a fam-
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rons. In mammals, NTs are made up of four types: nerve
growth factor, brain-derived neurotrophic factor (BDNF),
NT-3, and NT-4. In addition, we know that some growth
factors (GFs) play key roles in neuronal development and
neuronal survey [4,5]. During neural development, myri-
ad biological events like neurogenesis, gliogenesis, cel-
lular migration, cell differentiation, and synapse forma-
tion occur simultaneously. These neurobiological proc-
esses are orchestrated by several GFs and help shape the
postnatal brain [5,6]. GFs have been extensively studied
in the postnatal brain, and most of them share similar cell
functions to those reported in neurodevelopment [5,7,8].
Vascular endothelial growth factors (VEGF) are a major
angiogenic GF and have an important role during embrio-
genesis and pre- and post-natal brain development [9].
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VEGF activity is particularly critical in the brain during de-
velopment and repair. Severe reductions in VEGF con-
centrations lead to hypoxia and, subsequently, to degen-
eration of the cerebral cortex and neonatal death [10-12].
Recently, several neurotrophic factors, particularly BDNF,
have been shown to be important in the etiology of ADHD
[4,13-15]. The effect of VEGF on neuronal development is
known, but its relationship with ADHD, a neurodevelop-
mental disorder, has not yet been fully elucidated. There
are two animal studies on this relationship in the litera-
ture. These studies found downregulation of VEGF, VEGF
receptor (VEGFR)-1 (FIt-1), and VEGFR-2 (Flk-1) recep-
tors, phosphorylated Akt (pAkt) and endothelial nitric ox-
ide synthase (eNOS) in the frontal cortices of stroke-prone,
spontaneously hypertensive rats. Since alterations in
VEGF signaling are associated with the degeneration of
the cerebral cortex, it is possible that these alterations are
also implicated in the cerebral abnormalities of patients
with ADHD [9,16]. Even though volumetric abnormal-
ities in regional cerebral blood flow (CBF) are common in
ADHD patients, no study to date has investigated mecha-
nism(s) or factors likely to underlie this phenomenon [17].
But, it has been shown that CBF modulated by the levels
of an important central nervous system (CNS) angiogenic
factor, VEGF, its key signaling machinery (VEGF, KDR,
Flt-1, pAkt, eNOS) in the frontocortical region of animal
ADHD models [16].

One human study, evaluating the relationship between
systemic inflammation and attention problems assessed
attention in 2 year olds. It determined that top-quartile
concentrations of interleukin (IL)-6 receptor, tumor ne-
crosis factor-a, 1L-8, VEGF, VEFGR1, and VEGFR2 on
multiple days were associated with an increased risk of
ADHD symptoms [18].

Although the role of VEGF in ADHD neurobiology is
not fully understood, a role has been shown for VEGF in
other mental disorders, especially major depressive dis-
order [19]. In recent years the neurovascular dysfunction
associated with VEGF has been explored in neurode-
velopmental disorders including autism, schizophrenia,
and mood disorders. These disorders are correlated with
hypoxic conditions during early life and are strongly asso-
ciated with cognitive dysfunction [20,21]. Autism is the
most investigated neurodevelopmental disorder in the
literature. Studies investigating VEGF levels of patients
with autism has been showed that decreased levels of four

cytokines (IL-1B, IL-8, macrophage inflammatory pro-
tein-1B, and VEGF) were associated with increased se-
verity of presentation in females only [22]. But another
study has been determined that plasma VEGF has no
causative or compensatory contribution to the pathology
of this disorder [23].

Besides the key role of VEGF in vasculogenesis and vas-
cular function, it is also involved in neuroprotection, neu-
ronal survival, and axonal outgrowth in the CNS. It is
thought to have a role in the pathogenesis of psychiatric
disorders. The results of a study that investigated the role
of VEGF in autism shows an association between serum
VEGF levels and autism, suggesting a potential role for an-
giogenic factors in this neurodevelopmental disorder
[24]. Also the studies that have investigated associations
between serum VEGF levels and schizophrenia have also
been inconsistent [24-29].

In this study, we aimed to compare serum VEGF levels
between a healthy control group and in ADHD patients to
help determine the association between serum VEGF lev-
els and ADHD. We hypothesized that the serum VEGF
levels has a potential biomarker of ADHD, should be low-
er in ADHD patient groups than healthy controls. Our
hope is to contribute to the development of new strategies
for the diagnosis and treatment of ADHD.

METHODS

Participants

This study sample included forty-four patients diag-
nosed with ADHD and 43 healthy volunteer controls
from the Gazi University Medical Faculty, Child and
Adolescent Psychiatry Department. Study duration was
nine months. The patient sample was selected from chil-
dren and adolescents admitted for care in the Child and
Adolescent Psychiatry Department and diagnosed with
ADHD according to the Diagnostic and Statistical Manual
of Mental Disorders 5th edition (DSM-5) criteria before
they began treatment. The control group included chil-
dren who came to receive counseling in the outpatient
clinic and were not diagnosed with any psychopathology.
Healthy controls were evaluated with the same exclusion
criteria as the ADHD diagnosed patients by child and
adolescent psychiatrists. All patients were screened for
psychiatric disorders based on DSM-IV criteria using the
Schedule for Affective Disorders and Schizophrenia for
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School Aged Children, Present and Lifetime Version
(K-SADS-PL) [30]. A Turkish adaptation, validity and reli-
ability of this form was developed by Gokler et al. [31].
Patients with a comorbid psychiatric, neurologic or genet-
ic disorder were excluded, as were patients with a history
of chronic systemic diseases, such as endocrine and aller-
gic diseases. Patients who had previously used psycho-
tropic drugs were excluded as well. The control group
consisted of healthy children age and sex matched with
the participants diagnosed with ADHD. Written informed
consent was obtained from all subjects. This study was ap-
proved by the ethics committee of Gazi University (date:
03.07.2017, number: 347).

Serum Samples and Analysis

Blood samples were taken from patients and the healthy
control group to assess their serum VEGF levels. Venous
blood samples were collected from an antecubital vein;
10 ml of venous blood from each patient was sampled in-
to biochemistry tubes. The tubes were centrifuged at
2,000 xg for 15 minutes after an incubation period of 30
minutes. Samples were stored frozen at —80°C before
analysis [26]. VEGF levels were measured using a com-
mercially available enzyme-linked immunosorbent assay
(ELISA) kit (human VEGF-A Platinum ELISA kit; eBioscience,
Vienna, Austria; catalog number: BMS277/2 and
BMS277/2TEN). The samples were analyzed in a single
session without designating whether they were from the
control or the patient group. VEGF levels were calculated
by subjecting the optical densities of the samples to con-
centrations of known standards as provided in the ELISA
kit and then performing a regression correlation analysis.

Statistical Analysis

Statistical evaluation of the study was done with the
SPSS 17.0 software program (SPSS Inc., Chicago, IL, USA).
We used a two tail independent ¢ test to compare the age
differences between the control and ADHD groups. In ad-

Table 1. The serum VEGF levels of the ADHD and control groups

dition, a chi-square test was used to evaluate differences
for sex. Serum VEGF levels of individuals had non- nor-
mal distribution so the differences between the values of
the patient and the control groups were analyzed with a
Mann—Whitney U test. Differences were considered sig-
nificant when p value was less than 0.05.

RESULTS

This study included 44 patients diagnosed with ADHD
and 43 control subjects. The mean age of the children was
9.14 + 1.62 years in the ADHD group and 8.91 + 1.91
years in the control group. The age range was 7 to 13 for
the ADHD group and 7 to 14 for the control group. In the
ADHD group, 32 of the patients were male and 12 were
female; in the control group, 37 of the participants were
male and 6 were female. There were no significant differ-
ences between the patient and control groups with re-
spect to age and gender (p > 0.05).

The mean VEGF level (pg/ml) of the children was 333.6 +
209.8 in the ADHD group and 341.3 + 201.8 in the con-
trol group. There were no statistically significant differ-
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Fig. 1. The distribution of serum VEGF levels (pg/ml) for the ADHD
and control groups.

VEGF, vascular endothelial growth factor; ADHD, attention deficit
hyperactivity disorder.

VEGF level ADHD (n = 44)

Control (n = 43)

Statistics
Total (n = 87) p value
U z

Mean = standard deviation 333.6 £ 209.8

Median (minimum —maximum)

341.3 +201.8
302.1 (24.0—1,002.1)  313.0(31.2—956.7)

337.4 +204.7

26. —0.17 .
311.2(24.0—1,002.1) 926.000 0.170 ~ 0.865

VEGF, vascular endothelial growth factor; ADHD, attention deficit hyperactivity disorder.
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ences in serum VEGF levels between the ADHD and con-
trol groups (U= 926.000, z= —0.170, p=0.865). The se-
rum VEGF levels of the ADHD and control groups are
summarized in Table 1 and Figure 1.

DISCUSSION

This study compared serum VEGF levels of untreated
ADHD patients and a healthy control group. Our results
showed no significant difference in serum VEGF levels be-
tween the ADHD and healthy control groups. To our
knowledge, this is the first human study investigating se-
rum VEGF levels in ADHD patients.

Although VEGF levels have been shown to be low in
ADHD animal models, serum VEGF levels are similar in
children with ADHD and a healthy control group. This
may be due to the fact that animal models do not accu-
rately represent human ADHD neurobiology [9,16]. In
animal models, construct validity depends on the knowl-
edge about the human neurobiology of the modelled
disease. The validity of ADHD animal models is based on
behavioral similarity because the neurobiology of the dis-
ease is not clear. So, construct validity for ADHD animal
models is relatively weak [32].

Itis also possible that serum VEGF levels in ADHD may
not reflect central VEGF levels [9,16]. One study with ex-
tremely low birth-weight preterm babies found increased
VEGF levels in reconstituted newborn blood spots asso-
ciated with an increased risk of ADHD in the same chil-
dren at 10 years old. One explanation proposed by those
authors for this result was that neurotrophic proteins, in-
cluding VEGF, may modulate the increased risk of ADHD
in conjunction with systemic inflammation [18]. Howev-
er, in that study VEGF levels were obtained from newborn
blood spots and were not replicated at 10 years old. In
ADHD, age-related changes in brain blood flow have
known and VEGF is an important angiogenic factor for
brain blood flow. Thereby, it could also be that VEGF lev-
els, though high in the first month of infancy, reach nor-
mal levels in later in pateints with ADHD through com-
pensatory mechanisms in line with CBF [17]. Differences
in CBF at ADHD may be due to other angiogenic factors
except VEGF.

The present study has several limitations. First, sub-
groups of ADHD were not evaluated in this study. Nor
was any correlation examined in relation to the severity of

clinical symptoms and VEGF levels. Also, this study has
small sample size and just cross-sectional study, longi-
tudinal follow-up study with larger sample size is needed
to clarify the relations between serum VEGF and ADHD.

At the same time, this study has several strong points.
This is the first study quantifying serum concentrations of
VEGEF in patients with ADHD. None of the ADHD patients
included in this study had any history of medication use,
nor had they been administered psychostimulants or oth-
er psychiatric treatments. Furthermore, the exclusion of
comorbid psychiatric and systemic disorders and mental
retardation contributes to the reliability of the results of
the present study.

In conclusion, there was no significant difference in se-
rum VEGF levels for untreated ADHD cases and a healthy
control group. This is the first human study investigating
serum VEGF levels in ADHD patients, so there is a need to
replicate these findings.
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