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ABSTRACT

الناقل  والبروتين  السيروتونين  بين  المحتمله  العلاقة  تقييم  الأهداف: 
هذه  بين  الارتباط  في  والتحقيق  التوحد,  شدة  مع  للسيروتونين 
المحتمل  دورهم  لتقييم  بالتوحد  المصابين  الاطفال  في  المعلمات 

لتشخيص شدة التوحد.

الطريقة: أجريت هذه الدراسة في فرع الكيمياء والكيمياء الحياتيه، 
كلية الطب، جامعة النهرين، بغداد، العراق، و تضمنت اشتراك 60 
طفلا من الأطفال المصابين بالتوحد والذين تم تشخيصهم ومتابعتهم 
في قسم طب الأطفال بمستشفى الصدر ببغداد، العراق خلال الفترة 
من نوفمبر 2014 إلى أبريل 2015. تم تحديد مستويات السيروتونين 
عراقيا  مريضا   60 ل  الدم  أمصال  في  للسيروتونين  الناقل  والبروتين 
مريض   20( وشديد  ومعتدل  خفيف  إلى  مصنفين  بالتوحد  مصابا 
المجموعة  المستويات  مع  المستويات  هذه  مقارنة  تمت  شده(.  لكل 

الضابطة للأطفال الأصحاء.

السيروتونين  مستويات  في  ملحوظه  زيادة  وجود  لوحظ  النتائج: 
الذين  للأطفال  الدم  أمصال  في  للسيروتونين  الناقل  والبروتين 
الأصحاء.  للأطفال  الضابطه  بالمجموعه  مقارنة  التوحد  من  يعانون 
و  نانوغرام/مل،   80.63±21.83 السيروتونين  مستويات  كانت 
في  نانوغرام/مل   188.7±31.72 و  نانوغرام/مل   100.39±23.07
وكانت  التوالي.  على  والشديد،  والمعتدل  الخفيف  التوحد  مرضى 
 10.13±4.51 هي   SERT للسيروتونين  الناقل  البروتين  مستويات 
نانوغرام/مل، 4.71±13.15 نانوغرام/مل و 6.7±16.32 نانوجرام/

التوالي.  على  والشديد  والمعتدل  الخفيف  التوحد  مرضى  في  مل 
الناقل  والبروتين  السيروتونين  من  كل  مستويات  زيادة  ارتبطت 
التشغيل  تحليل  أظهر  كما  التوحد  شدة  مع   SERT للسيروتونين 
المميزة إمكانية استخدام هذه المعلمات لأغراض التشخيص والمتابعه.

والبروتين  السيروتونين  مستويات  في  ارتفاع  وجود  لوحظ  الخاتمه: 
الناقل للسيروتونين والتي تشير إلى أن هذه المؤشرات الحيوية لها دور 
والبروتين  السيروتونين  استخدام  إمكانية  ودعم  التوحد  أمراضية  في 

الناقل للسيروتونين SERT لتشخيص ومتابعة شدة التوحد.

Objectives: To assess the possible correlation between 
serotonin and serotonin transporter (SERT) with the 
autism severity and investigate the association between 
these parameters in autistic children to assess their 
possible role for diagnosis of autism severity.

Methods: A comparative cross-sectional study was carried 
out in the Chemistry and Biochemistry Department, 
College of Medicine, Al-Nahrain University, Baghdad, 
Iraq while the samples were taken from 60 male autistic 
children recruited to the Department of Pediatrics at 
Al-Sader Hospital, Baghdad, Iraq between November 
2014 amd April 2015. Levels of serotonin and serotonin 
transporters (SERT) were determined in 60 male autistic 
Iraqi patients classified into mild, moderate and severe 
(20 for each). These levels were compared with those of 
26 healthy control children. 

Results: Levels of serotonin and SERT were significantly 
increased in autistic children than that of gender and age-
matched controls. Serotonin levels were 80.63± 21.83 
ng/ml in mild, 100.39±23.07 ng/ml moderate, and 
188.7±31.72 ng/ml severe autistic patients. Serotonin 
transporter levels were 10.13±4.51 ng/ml in mild, 
13.15±4.71 ng/ml moderate, and 16.32±6.7 ng/ml in  
severe autistic patients. The increase of both serotonin 
and SERT levels were associated with severity of autism. 
Receiver operating characteristic (ROC) analysis  can be 
used for diagnostic and prognostic purposes.

Conclusions: High serotonin and SERT levels may 
indicate that these biomarkers have a role in the autism 
pathogenesis and support the possibility of using 
serotonin and SERT to diagnose autism severity.
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Autism is a disorder that characterized by 
neurodevelopmental consequences that appear 

clearly throughout the first 36 months of children’s life 
and it seems to be highly associated with neural growth 
changes that is occur in both pre- and postnatal periods.1 
Autistic children present with various deficits including 
impaired social communication and interaction, 
stereotypical movements, or behavior in a repetitive 
manner,1,2 acquisition of the language besides a failure 
to assume a proper meaning from normal social cues 
and fixation on a maintained uniformity of routine.3 
Additionally, autistic children also suffered from sensory 
abnormalities with a low threshold for sensory inputs 
leading to avoidance behaviors.3 Autism spectrum 
disorder (ASD) is generally presented as gender related 
disorders in which most patients are male; with a ratio 
of 4:1 (males to females).4 Neurotransmitters, which 
defined as way of connecting neurons, have crucial 
roles in the normal brain development, in addition to 
their role in the regulation of memory, behavior and 
motor activity.5 Thus, the dysfunction in the system 
of neurotransmitter may be one of autism causes that 
affect the migration of neuronal cell, differentiation 
and synaptogenesis and, finally lead to dysfunction in 
the processes of the brain developmental.6,7 Regarding 
the autism pathophysiology, several systems of 
neurotransmitter were investigated, and accordingly 
the abnormalities in these systems have shown that it 
may be responsible for autism. Several researches have 
demonstrated that the serotonergic system contains 
the neurotransmitters most commonly associated with 
autism pathogenesis.8

Many previous studies have hypothesized that there 
is disruption in the synaptogenesis in patients with 
autism,9  despite that the susceptibility to autism is 
related to other pathways. In this regard, many evidences 
either genetic or pathophysiological suggest that the 
different systems of neurotransmission may be involved 
in autism.10-12 Serotonin (5-hydroxytryptamine; 5-HT) 
is a neurotransmitter that belongs to monoamine family 
which involved in modulating cortical plasticity in adult 
with a significant role in early cortex development due 
to its role as regulator for proliferation, migration and 
neuronal differentiation.13 Seven families of serotonin 
receptors (5-HT1–5-HT7) are participating in elicit the 
activity of this neurotransmitter that is related mainly to 

mood and sleep in addition to memory, learning ability, 
homeostasis of muscle contraction and even endocrine 
functions.14 The levels of serotonin either intracellularly 
or extracellular are regulated through the expression 
levels of a tissue serotonin transporter (SERT) beside 
its activity.3 Serotonin transporter consists of 630 
amino acids with a structure similar to transporter of 
noradrenaline (NET) and dopamine (DAT).3 Serotonin 
transporter has a significant effect on the neuronal 
serotonin levels modulation. Several internal and 
external influences can affect the function and level of 
SERT expression significantly from the early embryonic 
stages through adolescence. 

The SERT proteins expression affected by various 
protein kinase (PK)-linked pathways including 
signalling molecules, protein kinase C, G and p38 
mitogen-activated PK (MAPK).3 Serotonin transporter 
levels were down-regulated by phosphorylation via 
protein kinase C pathways which is induced by the 
extracellular level of serotonin.3 Several physiological 
functions in the human body such as circadian rhythms, 
sleep, mood, cognition, anxiety in addition to memory 
formation have affected by the levels of serotonin. Low 
levels of serotonin may be associated with numerous 
features in autistic children, such as disturbances in 
sleep in addition to cognitive and social impairment.15,16 
Several other studies have revealed that SERT and/or 
serotonin levels were elevated in autistic children in a 
comparison with controls.17-22

This study aimed to explore and test the possible 
role of serotonin and its transporter (SERT) in the 
diagnosis and prognosis of autism and to determine 
the correlation between these 2 markers and the disease 
severity.

Methods. This study was conducted as comparative 
cross-sectional study on 60 male autistic children selected 
from the Department of Pediatrics at Al-Sader Hospital, 
Baghdad, Iraq between November 2014 and April 2015. 
The age of autistic children selected was ranged between 
3 and 13 years (mean±SD 7.28±2.89 years) while the 
control group selected comprises 26 apparently healthy 
children with age of 6.92±2.59 mean±SD years as listed 
in Table 1. This study was carried out at the Department 
of Chemistry and Biochemistry, College of  Medicine, 
University of Al-Nahrain, Baghdad, Iraq. Sera samples 
from both autistic and healthy children were collected 
after overnight fasting. Autistic patients were defined as 
children who met the Diagnostic and Statistical Manual 
of Mental Disorders (5th ed) (DSM V) criteria for the 
diagnosis of autism and the International Classification 
of Diseases-Classification of Mental and Behavioral 

Disclosure. Authors have no conflict of interests, and the 
work was not supported or funded by any drug company.

http://www.smj.org.sa/index.php/smj/index


489 www.smj.org.sa    Saudi Med J 2018; Vol. 39 (5)

Serotonin and SERT in autistic children ... Abdulamir et al

Disorders (ICD-10). The range of children’s ages was 
from 3-13 years, and none had relatives suffers from 
autism. 

The autistic patients were classified into mild, 
moderate, and severe subgroups; free from other 
diseases and did not receive pharmacological treatment. 
Control subjects were selected based on the selected 
autistic children. The control group included normally 
developing, healthy children, who did not receive 
any medications or meet any of the exclusion criteria, 
which included the following: 1) Any medical disease 
that is thought to cause autism such as focal epilepsy 
or Rett syndrome. 2) Children suffered from any 
neurological disorder other than uncomplicated and 
non-focal epilepsy that involves pathology above 
the brain stem. 3) Either any contemporaneous or 
approved retrospective evidences of possible neonatal 
brain damage. 4) Any central nervous system (CNS) 
genetic syndrome, even if the disorder that its link with 
autism is unclear or unapproved. 5) Significant clinical 
impairment in a vision or auditory capability in children 
even after correction. 6) Psychological deprivation, 
severe malnutrition or any other circumstances that 
may cause autism. 7) Subjects received treatment either 

pharmacological or even other agents like nutritional 
supplements and vitamins. 8) Mastocytosis (such as  
urticaria pigmentosa). 9) Subjects with a past history of 
diseases in the upper airway. 10) Children with history 
of allergic problems and inflammatory diseases.

The control group had no clinical indications of 
infectious disease or neuropsychiatric disorders. 

The Institutional Review Board (IRB) and the 
Local Ethical Committee, College of Medicine,  
Al-Nahrain University, Baghdad, Iraq, approved this 
study. Additionally, parents or legal guardians of the 
investigated subjects provided an informed written 
consent for participation in the study in accordance 
with the Helsinki principles.

Sample collection. Blood samples of 5 milliliter were 
collected from children included to this study (both 
autistic and control groups) after an overnight fasting in 
plain tubes at 9 am. The sera were obtained and stored at 
-20°C for the measurement of serotonin and SERT levels. 
Levels of serum serotonin and SERT were estimated by 
enzyme-linked immunosorbent assays (ELISAs) with 
kits obtained from the German Demeditec diagnostic 
GmbH Company with a sensitivity of 5 ng/ml and 
GenAsia Biotech Co., Ltd (Shanghai, China) with an 
excellent sensitivity of 0.5 ng/ml.

Table 1 - Demographic characteristics of the autistic patients and controls.

Demographic 
characteristics

Control Autistic 
patients

Mild 
autism

Moderate 
autism

Severe 
autism

P-value 

Number 26 60 20 20 20
Age (year) 6.92±2.59 7.28±2.89 7.7±3.2 6.65±2.58 7.5±2.98 0.31 
BMI (kg/m2) 17.36±2.89 16.82±3.05 16.53±3.34 17.2±2.91 16.75±3.01 0.25

BMI - body mass index

Table 2 - Serotonin and serotonin transporter (SERT) levels in autistic and control groups.

Parameters/group N Mean±SD aP-value bP-value cP-value dP-value eP-value fP-value gP-value

Serotonin (ng/ml) <0.001 0.581 0.017 <0.001 0.64 <0.001 <0.001
Control 26   54.97±18.43
Autistic patients 60 123.24±28.49
Mild 20   80.63±21.83
Moderate 20 100.39±23.07
Severe 20   188.7±31.72

SERT (ng/ml) 0.031 0.91 0.043 <0.001 0.039 0.087 <0.001
Control 26   10.53± 2.95
Autistic patients 60     13.2±5.88
Mild 20   10.13±4.51
Moderate 20   13.15±4.71
Severe 20   16.32±6.7

aP-value between autistic patients and controls (Tukey test). bP-value between mildly autistic patients and controls (Tukey test), 
cP-value between moderately autistic patients and controls (Tukey test), dP-value between severely autistic patients and controls 
(Tukey test), eP-value between mildly and moderately autistic patients (Tukey test), fP-value between moderately and severely 

autistic patients (Tukey test), gP-value between all groups (ANOVA test)
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Statistical analysis. The results obtained in this study 
were expressed as mean ± SD, and statistical comparisons 
were conducted with the use of independent t-test 
for comparing 2 independent groups (patients and 
controls). Analysis of variance (ANOVA) test for a 
comparison among more than 2 groups using Tukey 
HSD post-Hoc test to assess the significant differences 
between studied subgroups; considered p<0.05 as 
statistically significant. Correlations among all studied 
parameters were tested by the Pearson correlation test, 
and all statistical analyses used in this study were carried 
out by using the IBM SPSS Statistics for Windows, 
Version 20.0 (Armonk, NY: IBM Corp).  The normality 
of distribution was checked using Shapiro- Wilk and 
Kolmogorov- Smirnov tests.

Receiver operating characteristic (ROC) analyses 
were accomplished as comprehensive way to determine 
the accuracy of the markers used in this study. In ROC 
analysis, area under the curve (AUC) can be considered 
as a powerful statistical tool for comparing different 
biomarkers given the value of AUC that become closer 
to one indicates that the parameter can be considered 
as an excellent diagnostic and predictive biomarkers, a 
curve obtained in this statistical analysis may indicate 
the significance of the marker. So, the curve of a 
parameter that lies close to the diagonal (AUC=0.5) 
indicate no diagnostic significance. An AUC value that 
is closer to one is always coupled with sensitivity and 
specificity satisfactory values.24

Results. The serotonin and SERT levels were 
compared between patients with varying levels of autism 
severity (mild, moderate, severe) and age-matched 
control subjects. Table 2 shows that the levels of serotonin 
and SERT in autistic patients were elevated compared 
with those of the controls (p<0.001 and p=0.031). 
Serotonin levels were non-significantly (p=0.581) 
different between mildly autistic patients and controls, 
whereas significant differences were found between 
moderately (p=0.017) and severely autistic patients 
relative to the controls. In contrast, a non-significant 
(p=0.64) difference was found between moderately and 
mildly autistic patients, and a significant (p<0.001) 
increase in serotonin levels was noted in severely autistic 
patients relative to moderately autistic patients SERT 
levels were non-significantly (p=0.91) different between 
mildly autistic patients and controls, whereas significant 
differences were found between moderately (p=0.043) 
and severely (p<0.001) autistic patients compared with 
controls. A significant (p=0.039) difference was also 
found between moderately and mildly autistic patients, 
and a non-significant difference (p=0.087) was noted 

between severely and moderately autistic patients. 
According to ANOVA, the serotonin and serotonin 
transporter levels were significantly different across all 
studied groups (p<0.001, f= 9.81 and p<0.001, f=7.48, 
respectively).

Table 3 shows a positive and significant correlation 
between serotonin and SERT levels among all autistic 
patients (r=0.46; p<0.001) and in severely autistic 
patients (r=0.721; p<0.001). In contrast, non-significant 
correlations were found between serotonin and SERT 
levels in control subjects and mildly and moderately 
autistic patients.

Table 4 lists the ROC analysis data (the AUC, 
cut-off values, specificity, and sensitivity) of the 
measured parameters. Serotonin exhibited AUC values 
exceeding 0.7 among all autistic patients (AUC=0.75) 
and in moderately (AUC=0.73) and severely autistic 
patients (AUC=0.9) with satisfactory values of accuracy 
presented as good specificity and sensitivity.

The serotonin transporter levels had AUC values 
higher than 0.7 in moderately (AUC=0.71) and severely 
autistic patients (AUC=0.8) with satisfactory values of 
accuracy presented as good specificity and sensitivity.

Figures 1 & 2 present the ROC curves for serotonin 
and SERT among all the autistic children and for 
severely autistic children.

Discussion. Several previous studies have 
demonstrated that serotonergic systems may provide 
a promising and represent good candidates for the 
determination of the susceptibility to autism.16 Many 
previous association studies have been accomplished, 
but the results obtained were controversial.16-18,22 In 
the present study, the levels of both serotonin and its 
transporter were measured and compared with age- and 
gender-matched control subjects, and a significant 
increase in the levels of serotonin and SERT was observed 
in autistic patients. The results of this study were in 
consistent with those obtained from previous researches 
that demonstrate a significant elevation in the levels of 

Table 3 - 	Correlations of the serotonin and serotonin transporter (SERT) 
levels among the different study groups.

Group N r 
(Pearson 

correlation 
coefficient)

Significance

Control 26 0.174 0.437
Autistic patients 60 0.46 <0.001
Mildly autistic patients 20 0.075 0.752
Moderately autistic patients 20 -0.288 0.218
Severely autistic patients 20 0.721 <0.001
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Table 4 - The ROC curves of the serotonin and serotonin transporter (SERT) levels in all 
of the studied groups.

Parameters/group N AUC Best cut-off 
value

Sensitivity
%

Specificity
%

Serotonin (ng/ml)
Autistic patients 60 0.75 58.82 75 65.4
Mildly autistic patients 20 0.62 55.82 60 61.5
Moderately autistic 
patients

20 0.73 61.98 70 65.4

Severely autistic patients 20 0.90 84.13 85 73.1
SERT (ng/ml)

Autistic patients 60 0.65 11.32 65 61.5
Mildly autistic patients 20 0.52 11.36 55 61.5
Moderately autistic 
patients

20 0.71 12.28 65 76.9

Severely autistic patients 20 0.80 13.01 65 84.6
AUC - area under the curve

Figure 1 -	Receiver operating characteristic  curve of the serotonin and 
serotonin transporter (SERT) levels in autistic children.

Figure 2 -	Receiver operating characteristic curve of the serotonin 
and serotonin transporter (SERT) levels in severely autistic 
children.

serum serotonin in autistic children in a comparison 
with control subjects and assumed that serotonin may 
have an important role in the autistic symptoms.2,17 In 
studies conducted previously, hyperserotonemia was 
consistently reported in 22-29% of patients suffering 
from ASD that makes serotonin considered as the best-
characterized autistic biomarker.16 Hyperserotonemia 
in autistic patients are seemingly owned to the excessive 
accumulation of serotonin within the platelets, whereas 
the level of free serotonin were not affected.17,18 The 
uptake of 5-HT into platelets is mediated by serotonin 
transporter similar to that expressed in neurons.19 
Several studies have reported that density of SERT 
on the platelet membrane (Vmax) have increased in 
autistic patients, whereas the affinity of SERT (Kd) 
for serotonin remain unchanged.19-21 In contrast, some 
studies have reported that the levels of serotonin in 
platelet-free plasma were significantly decreased in 

autistic patients when compared to control subjects.19 
These findings do not necessarily disagree with the 
hyperserotonemia demonstrated in the current study or 
the results obtained from the assessment of serotonin 
levels in samples of whole blood or platelet-rich plasma 
of autistic patients.22 Given that about 99% of serotonin 
in the circulation is confined in platelets owning to the 
role of SERTs,19 the results of hyperserotonemia that 
obtained previously in whole blood25 or platelet-rich 
plasma26 of autistic patients in addition to the low 
levels of serotonin in platelet-free plasma26,27 reported 
in other studies could be resulted from i) increase in 
the production of serotonin, ii) increase of expression 
of the transporter protein on the surface of platelets, 
or both.15-22 The lack of a biochemical association 
between low levels of serotonin in platelet-free plasma 
and the severity of autism assumed that platelet-
related hyperserotonemia has an important role in the 
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pathogenicity of this disorder.22,26-28 Additionally, recent 
studies conduct on a serum serotonin in autistic patients 
showed an increase in the level of serum serotonin in 
comparison with control which are in agreement with 
results obtained in this study.28,29 The levels of serotonin 
in autistic children examined in the current study were 
non-significantly increased in mildly autistic patients, 
significantly increased in moderately autistic patients 
and significantly increased in severely autistic patients 
compared with the controls. The levels of serotonin 
were non-significantly increased in moderately autistic 
patients compared with mildly autistic patients, whereas 
they were significantly increased in severely autistic 
patients in a comparison with moderately autistic 
patients. 

These results indicate that the levels of serotonin 
are correlated with autism severity. These findings 
support the possible involvement of serotonin in 
autism pathogenesis and its crucial role in the diagnosis 
of autism and the assessment of autism severity for 
prognostic purposes. The results of this study were in 
agreement with those of other studies demonstrating 
a correlation between hyperserotonemia and autism 
severeity30 and with previous work by Hranilovic et al31 

reporting a significant negative relationship between 
peripheral serotonin concentrations and verbal abilities 
in autistic subjects.

The hyperserotonemia reported in this and 
previous studies in autistic serum, whole blood or 
platelet-rich plasma17,25,26 and the low serotonin levels 
recorded in platelet-free plasma previously22,27 could 
be the result of increased serotonin production in the 
intestine,32 increased expression and density of the 
transporters on platelet surfaces,21,22 altered release 
from  enterochromaffin cells,31 or diminished release 
from platelets.31 However, the mechanism underlying 
the observed phenomenon and its relationship to 
central 5-HT dysfunction remain unclear.16 Serotonin 
transporter was the second parameter measured in 
this study and was selected because of its important 
role in serotonergic transmission.3 In the brain, SERT 
clears serotonin from extracellular spaces, modulating 
the strength and duration of serotonergic signalling.15 
Outside the CNS, it is also present in platelets, where 
it takes up serotonin from plasma at very low levels.33  
Importantly, it is generally accepted that the serotonin 
transporter proteins expressed in platelets are identical 
to those found in neurons, displaying similar structural 
and functional properties in both tissues.33 In the 
present study, the levels of SERT in autistic patients 
were significantly higher than in controls. The levels of 
serum SERT represent the amount of SERT released 

from platelets. Consistent with the results obtained 
here, many other studies have demonstrated that SERT 
levels are elevated in autistic patients.19,21,22,34 Increased 
SERT levels may result from the reduced SERT-
binding capacity reported in children with ASD.34  
The expected defect in the binding capacity of SERT 
may indicate that serotonin levels are low in the brain 
despite hyperserotonemia because serotonin cannot 
cross the blood-brain barrier.35 Elevated serotonin levels 
in autism might also be related to defects in serotonin 
receptors17,36 resulting from an autoimmune reaction 
in the brain,37 which may explain the high serotonin 
levels observed in autistic patients and the subsequent 
elevated SERT levels. Thus, further immunological 
studies to identify the exact cause of high serotonin and 
SERT levels in autistic patients are needed.

In contrast, other studies have found that some 
mutations in the SERT gene cause a gain-of-function 
leading to increased SERT expression.38 Serotonin 
transporter is responsible for the termination of 
serotonin action within the brain,19 and thus, increased 
expression of the SERT gene may reduce the effect of 
serotonin inside the brain. The results obtained in this 
study may be consistent with this explanation because 
the levels of both serotonin and SERT were elevated, 
and the elevations corresponded to the severity of 
autism, as shown in Table 2. 

Interestingly, a significant positive correlation 
between serotonin and SERT in autistic patients and 
a significant positive correlation in severely autistic 
patients were noted, whereas the serotonin and SERT 
levels of mildly and moderately autistic patients were 
non-significantly correlated. Possible explanations for 
this positive correlation between serotonin and SERT are 
as follows: 1) the defect in the binding capacity of SERT 
reduces the amount of serotonin released in the brain, 
thereby inducing serotonin synthesis to compensate 
for the reduced levels of serotonin in the brain35 and 
possibly causing an increase in the SERT level; 2) the 
defect in the serotonin receptor causes an elevation in 
the serotonin level to reverse the abnormal serotonergic 
transmission,36,37 which may be accompanied with an 
increase in SERT level; or 3) the mutation in the SERT 
gene increases SERT expression by affecting the pattern 
of regulation38 and, as a result, increases the serotonin 
level.39 These possible explanations may be clearer and 
more pronounced in severely autistic patients, although 
they are also present in mildly and moderately autistic 
patients. The ROC curve analysis reveals that the serum 
serotonin test is an adequate diagnostic and predictive 
marker with acceptable sensitivity and specificity in 
autistic patients, whereas SERT is a relatively poor 
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diagnostic marker in autistic patients, especially in 
mildly autistic children in which the AUC was close to 
0.5. The serotonin and SERT tests revealed increased 
AUC values as autism became more severe. The results 
revealed that serotonin test can be considered as an 
excellent diagnostic and predictive marker in severely 
autistic patients, whereas SERT considered as a good 
diagnostic and predictive marker in severely autistic 
patients.

One major limitation of this comparative cross-
sectional study was the small number of children 
examined, which may affect the statistical power and 
the precision of the estimated sensitivity and specificity 
of serotonin and serotonin transporter levels. The 
sample size in this research depends primarily on the 
number of patients that have the inclusion criteria and 
referred the hospital during the period of study taking 
in the consideration that autism is a rare disease in 
Iraq.  Furthermore, we evaluated only a single hospital. 
Further work is needed on a larger scale involving 
different areas of Iraq to address these limitations and 
platelets count should be assessed as a confounding 
factor. This study can be considered as one of the first 
studies on the level of serotonin and its transporter in 
serum samples of Iraqi children with autism. Further 
studies involve the estimation  of the levels of serotonin 
metabolites to improve the outcome of the study.

In conclusion, results obtained in the current study 
revealed that the levels of serotonin and its transporter 
were significantly elevated in autistic children in a 
comparison with that of controls, and this increase 
correlates with the severity of autism.

Furthermore, this study demonstrated that there 
was a significant positive correlation between these 
two parameters, and ROC curve results obtained may 
indicate the possibility of using these two parameters 
as diagnostic and prognostic markers and for the 
assessment of autism severity. 
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