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Abstract Background: Autism Spectrum Disorder (ASD) is a neurodevelopmental disorder with growing evidence implicating 
immune, endocrine and metabolic dysregulation in its pathogenesis. Despite advances in genetic research, the roles of 
inflammatory cytokines, Growth Hormone (GH) and vitamin D3 (Vit D3) in ASD to elucidate the pathophysiology of this disease 
have not studied properly. Objective: To investigate the serum inflammatory biomarkers (IL-6, IL-10, IL-17 and CRP), endocrine 
regulators (GH) and Vit D3 in children with ASD. Methods: A total of 100 children aged 6-12 years were enrolled, including 70 
with ASD and 30 neurotypical controls. ASD diagnosis was confirmed by a Pediatric neurospecialist using the Diagnostic and 
Statistical Manual of Mental Disorders, Fifth Edition (DSM-5) criteria. Then, venous blood samples were collected and analyzed 
using enzyme-linked immunosorbent assay and automated immunoassay analysers to determine the level of serum biomarkers. 
Results: Children with ASD exhibited no significant changes in serum levels of inflammatory/regulatory cytokines (IL-6, IL-10 
and IL-17), while CRP levels were increased compared to controls (p>0.05). GH levels and Vit D3 concentrations were 
significantly lower in the ASD group than in the control (p<0.0001). Conclusion: The immunological involvement, endocrine 
imbalance and Vit D3 deficiency might be related to the development of the ASD in children. 
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INTRODUCTION 
Autism Spectrum Disorder (ASD) is a multifaceted 
neurodevelopmental condition marked by challenges in 
social interaction, communication difficulties and restricted 
or repetitive behaviours [1]. While substantial advances have 
been made in identifying the genetic and behavioural 
underpinnings of ASD, emerging evidence highlights the 
significant contribution of immune and endocrine 
dysregulation to its pathophysiology [2]. These biological 
disturbances appear to be especially influential during 
critical periods of neurodevelopment and may contribute to 
the wide variability observed in ASD phenotypes [3]. 

Among the endocrine abnormalities implicated in ASD, 
dysregulation of the Growth Hormone (GH) axis has 
garnered attention, as it plays a fundamental role in brain 
maturation, synaptic development and cognitive functioning 
[4]. Alterations in GH activity, ranging from hypersecretion 
to deficiencies in its downstream effector, insulin-like 
growth factor 1, have been reported in individuals with ASD 

[5]. Numerous studies have documented elevated levels of 
proinflammatory biomarkers, including interleukin-6 (IL-6) 
and IL-17, which suggest chronic, low-grade inflammation 
and ongoing neuroimmune activation [6]. These cytokines 
interfere with neural connectivity, synaptic homeostasis and 
neurotransmission central to ASD neurobiology. 
Furthermore, decreased levels of regulatory cytokines such 
as IL-10 may indicate an impaired anti-inflammatory 
response, thereby supporting the notion of persistent 
neuroinflammatory damage [7]. 

Vitamin D3 (Vit D3) has emerged as a crucial modulator 
of neuroimmune interactions, particularly in the context of 
ASD. It is synthesised through ultraviolet B radiation and 
activated via hepatic and renal pathways. Vit D3 is involved in 
calcium homeostasis, gene expression, immune regulation and 
brain development [8]. Hypo-vitaminosis D is frequently 
reported in children with ASD and may result from limited sun 
exposure, restrictive diets, gastrointestinal comorbidities and 
impaired metabolic conversion [9].  Also, genetic variants in
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the Vitamin D receptor gene have been associated with 
ASD, suggesting a heritable component that may influence 
both Vitamin D metabolism and immune function [10]. 

In our locality, the ASD is growing dramatically with 
little research on its cause, mechanism, pathway, genetic 
relationships and influencing factors [11]. Thus, this study 
aimed to examine the complex interplay between GH 
signaling, immune dysregulation, cytokine imbalance and 
Vit D3 metabolism in the pathogenesis of ASD. 
Consequently, by integrating perspectives from 
endocrinology, immunology and neurodevelopment, this 
study seeks to identify potential biomarkers and therapeutic 
targets that could improve diagnostic precision and clinical 
management in individuals with ASD [12]. 
 
METHODS 
Study Design and Setting 
This comparative analytical study enrolled participants 
from five autism centres in Sulaimaniyah, Iraq, including 
Redox Centre, Raparin Centre, Lutfy Mala Galb Centre, 
Kareza Wshk Centre and Amin Centre, from October to 
December 2024. Participants were 70 children diagnosed 
with ASD and 30 neurotypical children (healthy controls). 
ASD diagnosis was confirmed by a Pediatric 
neurospecialist using the Diagnostic and Statistical Manual 
of Mental Disorders, Fifth Edition (DSM-5) criteria. 
Additionally, this study adheres to the Strengthening the 
Reporting of Observational Studies in Epidemiology 
(STROBE) checklist guidelines for the transparent and 
standardized reporting of observational research. 
 
Inclusion Criteria 
Children aged 6-12 years with confirmed ASD regardless of 
gender, nationality or ethnicity. 
 
Exclusion Criteria 
Children diagnosed with other neuro disorders rather 
than ASD, those on chemotherapy or chronic 
medications for different purposes and individuals who 
had undergone a major surgery. 
 

Specimen Collection 
Approximately 4.0 mL of venous blood was drawn 
aseptically from the antecubital vein of each participant, 
collected into clot activator gel tubes and allowed to clot 
at room temperature. The samples were then centrifuged 
at 3500 rpm for 10 minutes. The serum was separated and 
stored in plain tubes at -70°C until further immunological 
and serological analyses were performed. Laboratory 
analyses were performed at Mercy Private Health 
Laboratory, Sulaimaniyah, Iraq. 
 
Immunological Analysis 
Serum cytokine levels were quantified using the Enzyme-
Linked Immunosorbent Assay (ELISA), following the 
manufacturer’s protocol. The tests were done using the 
Chromate ELISA machine (Model 4300, USA) and the 
kits were purchased from Elabscience, China. The process 

was based on the double-sandwich technique with a 
sensitivity of <9.375 pg/mL. 
 
Serological Analysis 
GH and Vit D3 levels were measured using the Cobas e411 
analyser (Roche Diagnostics, Germany), employing enzyme 
immunoassay techniques. Calibration utilised two 
calibrators (Calibrator 1 and 2) and two control sera 
(Universal Control 1 and 2). C-Reactive Protein (CRP) 
levels were determined using the Cobas c311 analyser 
(Roche/Hitachi 902). The test was calibrated with one 
standard and monitored using C5 protein control. Both 
procedures adhered strictly to the manufacturer’s protocols. 
 
Statistical Analysis 
Data were entered and analysed using GraphPad Prism 
software (version 8.0.2, 263). Descriptive statistics were 
used to summarise categorical variables (frequencies and 
percentages) and continuous variables (mean±standard 
deviation). Group differences were assessed using the 
independent samples t-test and a p<0.05 was considered 
statistically significant. 
 
RESULTS 
A total of 70 children with ASD and 30 age-matched 
healthy controls were enrolled. Serum levels of 
inflammatory and endocrine markers were analysed and 
compared between groups. CRP levels were higher in the 
ASD group (3.059±5.459 mg/dL) than the control group 
(1.321±1.311 mg/dL) without a significant difference (p = 
0.088). Vitamin D3 levels were significantly lower in the 
ASD group (16.57±5.606 ng/mL) than in the control 
group (33.36±4.335 ng/mL), with a highly significant 
difference (p<0.0001). Similarly, GH levels were 
markedly reduced in children with ASD (0.676±0.944 
ng/mL) compared to controls (2.873±2.735 ng/mL), with 
a very highly significant difference (p<0.0001). In 
contrast, no significant differences were observed in the 
levels of IL-6, IL-10, or IL-17 between the ASD and 
control groups. The mean IL-6 level in the control group 
was 0.540±0.492 pg/mL, whereas in the ASD group, it 
was 0.475±1.558 pg/mL (p = 0.825). IL-10 levels were 
0.5157±1.056 pg/mL in the ASD group and 0.643±1.265 
pg/mL in the control (p = 0.603). IL-17 levels in the ASD 
group were 7.274±4.697 pg/mL and in controls, they were 
6.979±4.88 pg/mL (p = 0.780) (Table 1 and Figure 1). 
 
Table 1: Comparison of different studied biomarkers between the control 

and ASD groups 

Variable 
Control (n = 30) ASD (n = 70) 

p-value Mean±SD 
CRP (mg/dL) 1.321±1.311 3.059±5.45 0.0889 
Vitamin D3 (ng/mL) 33.36±4.335 16.57±5.60 <0.0001**** 
GH (ng/mL) 2.87±2.735 0.67±0.944 <0.0001**** 
IL-6 (pg/mL) 0.540±0.492 0.475±1.558 0.8258 
IL-10 (pg/mL) 0.643±1.265 0.515±1.056 0.6034 
IL-17 (pg/mL) 6.979±4.885 7.274±4.697 0.7800 

****: Very highly significant using test, ASD: Autism Spectrum Disorder, 
CRP: C-Reactive Protein, GH: Growth Hormone, IL: Interleukin 
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Figure 1: Comparison of Different Biomarkers between control and Autism Spectrum Disorder (ASD) groups. CON: Control 
Group, CRP: C-Reactive Protein, GH: Growth Hormone, IL: Interleukin, ns: Non- significant, VD3: Vitamin D3. ****: Very 
Highly Significant using Test 
 
DISCUSSION 
The present study extends the growing body of evidence 
implicating endocrine and immune dysregulation in the 
pathophysiology of ASD. These findings demonstrate 
significant alterations in serum concentrations of GH and 
vitamin D3 (p≤0.05), while the proinflammatory cytokines 
(CRP, IL-6 and IL-17) and the regulatory Cytokine (IL-10) did 
not exhibit significant changes (p≥0.05). The reduction in GH 
levels observed in children with ASD is consistent with 
previous investigations highlighting GH dysregulation in 
neurodevelopmental disorders [13-15]. GH is a critical 
regulator of neuronal development, synaptic plasticity and 
overall brain maturation, which are essential for expected 
cognitive and behavioural outcomes [4,16]. The observed 
reduction in GH activity may indicate a state of GH resistance, 
characterised by typical or elevated serum GH levels alongside 
diminished biological responsiveness, suggesting potential 
hormone insensitivity in this population. GH deficiency has 
been linked to impaired myelination, reduced neuronal 
survival and disruptions in prenatal and postnatal brain 
development, potentially contributing to the cognitive and 
motor delays frequently reported in ASD [17,18]. 

Furthermore, this study identified a pronounced 
deficiency in Vitamin D3 among ASD patients, aligning 
with earlier studies that reported high rates of 
hypovitaminosis D within this demographic [19,20]. In 
addition to its well-established role in calcium homeostasis, 
Vit D3 is vital for neurodevelopment and modulation of 
immune mechanisms [21]. Factors such as limited exposure 
to sunlight, dietary restrictions and metabolic impairments 

may account for the observed deficiency in Vit D3 [22]. 
Previous studies have reported elevated levels of 
proinflammatory markers IL-6 and IL-17, indicative of 
chronic low-grade inflammation in ASD [23,24]. In contrast, 
the current study did not observe significant alterations in 
these cytokine levels. Notably, prior research has associated 
diminished IL-10, a key anti-inflammatory cytokine with 
impaired immunoregulation, which may exacerbate 
neuroinflammatory responses and contribute to increased 
neurotoxicity [25,26]. The limitations of this study include a 
small sample size, limited parameters, a limited timeframe 
and its cross-sectional design that prevents causal 
interpretation; however, it was a multicenter study that 
recruited patients from different hospitals. Additionally, its 
single-region recruitment limits generalizability and other 
limitations include lacking of ASD severity, serum 
biomarkers may not reflect CNS activity and exclusion of 
overlapping neurodevelopmental disorders limits scope. 
 
CONCLUSION 
These findings highlight the broad spectrum of biological and 
physiological disruptions associated with ASD, encompassing 
endocrine disturbances, immune dysregulation and Vit D3 
insufficiency. Such abnormalities may have adverse effects on 
brain maturation and behavioural outcomes in affected 
individuals. Future investigations employing larger sample 
sizes and longitudinal designs are warranted to confirm these 
associations and explore the viability of these biomarkers as 
early diagnostic indicators or therapeutic targets. Interventions 
aimed at modulating immune responses, correcting hormonal 
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imbalances and replenishing Vitamin D3 levels hold potential 
for mitigating ASD severity and enhancing the quality of life 
for individuals with ASD. Future recommendations include 
larger, age- and sex-matched control cohorts and longitudinal 
studies assessing seasonal vitamin D variation. Also, 
integration of genetic and metabolic profiling is suggested, 
together with inclusion of gut inflammatory markers may 
clarify CRP findings. Whereas, interventional studies 
evaluating supplementation effects are required. 
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