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Background: There is evidence supporting that cellular immunity may play a role in the pathophysiology of autism
spectrum disorder (ASD) and attention deficit hyperactivity disorder (ADHD). Neopterin, a pteridine mainly synthe-
sized by activated macrophages, is a marker of inflammation, immune system activation that may be involved in the

Methods: Fifty drug-naive patients were diagnosed according to DSM-5 (25 with ASD, 25 with ADHD), in addition to
25 healthy volunteers matched in age and gender with the patients were included. The CARS, Conners'scales used
to assess the severity of the disorders, respectively. Serum neopterin level was measured using ELISA technique for all

Results: Statistically nonsignificant difference in mean neopterin level between control and both patients groups
with significant negative correlation between neopterin level and younger ages in ASD group were found. Statistically
nonsignificant difference also was found between its levels among subtypes of ADHD as well and with the degree of

Conclusions: There was no statistically significant difference between serum neopterin level in ADHD, ASD patients

Background

Attention deficit hyperactivity disorder (ADHD) is a neu-
rodevelopmental disorder characterized by pervasive and
persistent behavioral symptoms of inattention, hyper-
activity, and/or impulsivity that are extreme for age and
interfere with social or academic functioning. Diagnosis
requires the emergence of symptoms before 12 years of
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age and that symptoms present in two or more settings.
Autism spectrum disorder (ASD) refers to a neurode-
velopment disorder that is characterized by difficulties
with social communication and social interaction and
restricted and repetitive patterns in behaviors, interests,
and activities. By definition, the symptoms are present
early in development and affect daily functioning. The
term ‘spectrum’ is used because of the heterogeneity in
the presentation and severity of ASD symptoms, as well
as in the skills and level of functioning of individuals who
have ASD [1].
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Neopterin is a product secreted by activated mac-
rophages and dendritic cells and can be detected in
serum and other fluids using routine immunoassay meth-
ods [2].

Increased serum neopterin levels have been found in
neuropsychiatric disorders in which inflammatory pro-
cesses might be activated, such as ASD and Tourette’s
syndrome [3].

Methods
This study was a cross-sectional case—control study.

Sample size calculated using G-Power® software ver-
sion 3.1.7 (Institute of experimental psychology, Hein-
rich Heine University, Dusseldorf, Germany), two-sided
(two tails) type I error 0.05 and power of 80%, each group
should include at least 25 subjects for each group.

Participants included in this study were 25 patients
with ADHD diagnosed according to the DSM-5 criteria,
and 25 patients with ASD diagnosed according to DSM-5
(American Psychiatric Association, 2013) [1] who were
recruited from the Neuro Pediatric and Psychiatric out-
patient clinics, Fayoum University Hospitals, as well as 25
healthy controls matched in age, gender among relatives
of medical and paramedical personnel staff of Fayoum
University hospitals through the period of first June 2020
to end of December 2020. The Arabic version of Conner’s
Parent Rating Scale- Revised- Long version [4] and the
childhood autism rating scale (CARS) [5] were used to
detect the severity of ADHD and autism, respectively.

All the scales showed absence of psychopathology in
the control group. Patients with a comorbid psychiatric,
neuro-metabolic, neuro-degenerative and neuro-cutane-
ous diseases were excluded, as well as patients with a his-
tory of chronic systemic diseases, such as endocrinologic
and allergic diseases. Patients who previously had used
psychotropic drugs within last 6 months were excluded
as well.

All patients were drug naive to avoid effect of medica-
tion on neuroinflammatory markers, as supported by

Table 1 Socio-demographic data
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Valvassori et al. 2019 who reported that atomoxetine has
an anti-inflammatory effect on CNS [6].

Blood sampling
Blood samples of participants were collected between
9:00 AM and 12:00 AM. The blood samples were centri-
fuged at 3000 rpm for 20 min to obtain sera. The samples
were stored frozen at—80 °C before analysis in Fayoum
University Hospital labs. The biochemical analysis was
performed after all the blood samples were collected.
Serum neopterin levels were measured by using commer-
cially enzyme linked immunoassay (ELISA) kit.

Written informed consent was obtained from all
the parents after they were provided with a complete
description of the study.

Statistical methods

Data management will be performed using the statistical
package for social science (version 15.0; SPSS Inc., Chi-
cago, IL, USA). Compute standard descriptive statistics
(e.g., mean, standard deviation) will be used to summa-
rize the data.

Nominal data will be analyzed using simple x 2 test,
while independent sample T-test procedure will be used
to compare means for two groups of cases; for more than
two groups, data will be evaluated with one-way analysis
of variance (ANOVA). A probability value (P value) less
than 0.05 was considered significant.

Results
In this study, the range for age of patients was 3—15 years
with the mean 8 years in ADHD group and 5.5 years in
ASD.

Male represented 76% in ADHD group while female
represented 24%.

Male represented 52% of ASD group while female rep-
resented 48% in ASD group (Table 1).

In this study, we found that among ADHD group
88% showed combined presentation, while 8% showed

Control (N=25) ADHD (N=25) ASD (N=25) P-value®
Mean SD Mean SD Mean SD
Age 79 2.7 8 23 55 2 <0.0001
Gender
Male 14 56.0% 19 76.0% 13 52.0% 0.175
Female 11 44.0% 6 24.0% 12 48.0%

# One-way ANOVA #Chi-squared test
ADHD attention deficit hyperactivity disorder, ASD autism spectrum disorder
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Table 2 Clinical characters of ADHD group
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neopterin level in relation with severity of ASD symp-
toms (P=0.769) (Table 5), with a statistically signifi-

N %
cant difference in mean neopterin level in younger ages
Combined 22 880%  of ASD group (P=0.026) (Fig. 2) (Table 6).
Predominantly hyperactivity 1 4.0%
Predominantly inattention 2 8.0%
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Fig. 1 Neopterin level in control group and patient groups
Table 3 Comparison of neopterin level in control group and  Table 4 Difference in  neopterin  level according to
patient groups characteristics of ADHD cases
Control (N=25) ADHD (N=25) ASD (N=25) P-value® Neopterin level
Neopterin level Mean SD  Median Minimum Maximum
Mean 7 7 o4 0.785 Combined 8.3 12 25 03 449
sD 114 114 132 Hyperactivity 1.2 0 12 12 12
Median 24 23 17 Inattention 4.9 5 4.9 14 85
Minimum 0.5 0.3 0.3 Pvaluett 0618 (NS)

Maximum 40.1 449 423

# Kruskal-Wallis test
ADHD attention deficit hyperactivity disorder, ASD autism spectrum disorder

predominantly inattentive presentation, 4% showed pre-
dominantly hyperactive presentation (Table 2).

On comparing both groups, patients and controls,
we did not find a statistically significant difference
regarding mean neopterin serum level (Fig. 1) (Table 3)
and in between different ADHD subtypes (P=0.618)
(Table 4).

As regards the ASD group, 52% had mild-to-moder-
ate presentation, 48% had severe presentation. There
was no statistically significant difference in mean

# Mann-Whitney U test *#*Kruskal-Wallis test

Table 5 Difference in neopterin level according to severity of

ASD cases

Neopterin level

Mean SD Median Minimum Maximum
P-value* 0.642 (NS)
Severity
Mild to moderate 8.9 133 1.7 0.3 423
Severe 10 138 1.6 03 374
P-value® 0.769 (NS)

# Mann-Whitney U test
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Fig. 2 Correlation between neopterin level and age
Table 6 Correlation between neopterin level and age
Neopterin level
Control ADHD Autism
r P-value r P-value r P-value
Age 0.07 0.739 (NS) —0.087 0.678 (NS) — 0444 0.026 (S)t

* Significantly higher in younger age

Discussion

Central nervous system and immune system are sys-
tems which are in interaction with each other [7].
Immune cells and molecules play a crucial role in form-
ing the brain functions by affecting the cognitive and
emotional processes [8].

In this study, the range for age of patients was 3
-15 years with the mean 8 years in ADHD group this
supported by CDC, 2016 that reported the average
age of ADHD is 7 years. The mean age in ASD was
5.5 years, this was supported by American Academy of
Pediatrics, 2017 that reported that the average age of
diagnosis is about 4.5 years [9, 10].

Males represented 76% in ADHD group while females
represented 24%, this is in line with Danielson et al.
2018 who reported that boys being over-represented,
on average, approximately 2:1 [7].

Males represented 52% of the ASD group while
females represented 48% in ASD group, this supported
by current estimates of CDC, 2018 that ASD is more
than 4 times among boys than among girls [11].

In this study, we found that among ADHD group 88%
showed combined presentation (ADHD-CT), 8% showed
predominantly inattentive presentation (ADHD-PI),
4% showed predominantly hyperactive presentation
(ADHD-H). This is in line with clinic samples prevalence
which reported ADHD-CT is approximately one and
one half times more prevalent than ADHD-PI. Although
ADHD-PI appears to be more prevalent in the general
population, children diagnosed with ADHD-CT are
more likely to be referred for treatment probably reflect-
ing the greater amount of disruptive behavior associated
with the ADHD-CT symptoms [12].

In ASD group, 32% (N=8) had mild-to-moderate
presentation, 68% (N=17) had severe presentation. This
is consistent with Nguyen et al. 2021 who found more
Vietnamese children were diagnosed with severe autism
(59.4%) than mild and moderate autism [13].

In this study, there was no statistically significant differ-
ence in mean neopterin level between controls and both
ASD and ADHD group. This is inconsistent with Zhao
et al. 2015 who studied neopterin level among 80 patients
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with autism and 80 typically matched healthy partici-
pants and Sweeten et al. 2003 who measured neopterin
level among 23 participants with autism and 21 healthy
subjects. In both previously mentioned studies, plasma
neopterin levels were significantly higher in the autis-
tic group than in the comparison subjects [14, 15]. Also
inconsistent with Ceylan et al. 2014 who found that
neopterin levels were significantly higher in the ADHD
group than in the comparison subjects [16]. This incon-
sistency may reflect the need for further studies among
those patients with multiple sampling and genetic assess-
ments to detect role of neopterin and other immunologic
markers.

In this study, no statistically significant difference was
found between mean neopterin levels in ADHD subtypes.
This is consistent with Ceylan et al. 2014 who found no
significant differences in neopterin levels among the sub-
types of ADHD [16].

There was no statistically significant difference in
mean neopterin level in relation with severity of ASD
symptoms. This is inconsistent with Zhao et al. 2015
who reported a significant positive association between
plasma neopterin levels and CARS scores [15].

There is statistically significant difference in mean
neopterin level in younger ages of ASD group. This may
suggest that immune system activation may occur early
in the course of the disease. This is supported by Maz-
zone et al. 2018 who suggested that neuroanatomical and
neurochemical events occur relatively early in the devel-
opment of the central nervous system (CNS), this may
help in early pharmacological intervention that helps to
cure and maybe even preclude some of the severe behav-
ioral symptoms of ASD [17].

Limitations of the study

Neopterin level was measured in plasma, not in cer-
ebral spinal fluid. It is still uncertain whether peripheral
neopterin levels could reflect similar changes in the cen-
tral nervous system. Without serial measurement of the
circulating neopterin levels, this study yielded no data
regarding when and how the levels changed in these
children.

Conclusions

Autistic spectrum disorders (ASD) and attention deficit/
hyperactivity disorder (ADHD) are the most frequently
occurring neuropsychiatric disorders in childhood with
an etiology that is not fully understood. Despite the insig-
nificance in neopterin levels in ASD group, neopterin
level was statistically significantly higher in young ages of
ASD, we can recommend for more research to use it as
a screening test for early detection of children at risk of
ASD before development of symptoms.
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