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Abstract

The overlap in clinical manifestation of Autism Spectrum Disorder (ASD) and its psychiatric co-morbidities, including Schizophrenia (SCZ), 
are frequently overlooked. In this review, we enumerated the genetic markers, signs of inflammation and gut-microbiome-brain signatures, and 
excitation/inhibition imbalances shared by ASD and SCZ. We also summarized advancements in early detection as a result of the predictive value of 
certain biomarkers and in the development of evidence-based emerging treatments for ASD and co-morbidities. 
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Introduction

Autism Spectrum Disorder (ASD) is a group of 
neurodevelopmental conditions characterized by social deficit 
and repetitive behaviors. The Centers for Disease Control and 
Prevention (CDC) declared ASD an urgent public health concern 
not only due to its rapid rise in prevalence but also its high rate of 
co-morbidities. It has been reported that 95% of ASD individuals 
have one or more co-morbidities [1-4]. In addition to medical 
and somatic complications, ASD has symptoms in common with 
many psychiatric disorders. Particularly, ASD and Schizophrenia 
(SCZ) have substantial symptomatic overlap related to impaired 
social communication, abstract reasoning, and working memory 
[1-4]. This mini review will take a closer look at the biological 
underpinnings of this shared fundamental pathogenesis and at the 
future implications of research into early diagnosis and treatments. 

Common Genetic Markers of ASD and its Co-Morbidities

A study that analyzed the genes of twins with ASD concluded 
that the susceptibility to ASD has both significant genetic 
heritability and substantial environmental influences [5]. 
Interestingly, many genetic overlaps of ASD with SCZ and other  

 
neuropsychiatric disorders were identified. Carroll & Owen [6] 
recognized that the specific deletions associated with both ASD 
and SCZ at 22q11.2, 1q21.1, and 15q13.3. Most notably, 22q11.2 
is a critical region for both disorders [7-9] demonstrated that 
SNPs in the 3’-UTR of NRXN1, a gene involved in inhibitory and 
excitatory synaptic differentiation, significantly decreases white 
matter volumes in whole brain and frontal lobe, while impairing 
sensorimotor performance; interestingly, NRXN1 is a risk gene for 
both ASD and SCZ [9]. Copy number variations (CNVs) in the gene 
CYFIP1 [10], resulting in altered CYFIP1 expression and changes in 
synaptic inhibition and excitation, were also found to be associated 
with ASD, SCZ and intellectual disability. These genetic overlaps 
and clusters explain their shared pathogenesis and corresponding 
core symptoms.

Inflammation and Gut-Microbiome Bridge Between ASD 
and Co-Morbidities

Many inflammatory factors interfere with genetic expression 
and penetrations. Prata et al. [11] illustrated the inflammatory 
mechanism bridging ASD and SCZ: elevated circulation of cytokines, 
such as IL-6, TNFα, IL-1β, and INFƳ, increased levels of oxidative 
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stress and expression of microRNAs are present in both ASD and 
SCZ [11]. While these atypical signs do disrupt cellular processes 
throughout the immune system and brain, they may prove useful as 
potential biomarkers for ASD and its co-morbidities. The maternal 
immune activation (MIA) model indicated a link between maternal 
infection and neurodevelopmental brain disorders, including early-
onset ASD and late-onset SCZ. In both of these disorders, abnormal 
methylation of the MECP2 gene results in aberrant epigenetic 
control of MeCP2 protein expression and dysregulated GABAergic 
signaling in different brain regions [12-15], overviewed the 
vulnerability-stress-inflammation model of SCZ. 

This model posits that the “first hit” to neurodevelopment is 
maternal infection directly interfering with CNS development, 
and the “second hit,” at a later stage, is stress exposure, triggered 
inflammation cascade and symptom onset [15]. The presentation 
of ASD and/or SCZ may be related to the timing and degree of the 
first and second hits. Anti-NMDA receptor encephalitis usually 
presents in young adults with new onset of psychosis [16] seizure 
and cognitive changes but was also reported in preschoolers 
who presented with new onset of ASD like symptoms [17]. 
Autoimmunity pathology found in both SCZ [18-20] and ASD [21] 
have many similarities, yet certain differences in autoantibody 
profiles indicate differences in protein targets and relevant brain 
regions. Microbiome imbalance could be the key determinant of 
inflammation in ASD, SCZ [22-26] and other psychiatric disorders 
[24,25]. Immune activation triggers GI inflammation and produces 
pro-inflammatory cytokines in the blood, and, when crossing the 
blood-brain barrier (BBB), cytokines activate microglial cells and 
astrocytes, resulting in CNS inflammation. Gut-brain axis signaling 
has been widely reported and implicated in neuro-psychiatric 
disorder manifestation [13,22-26]. Gut microbiome studies have 
opened a new avenue for understanding the common inflammatory 
mechanisms of ASD and its co-morbidities. 

Early Diagnosis and Recognition of ASD and Co-
Morbidities

These biological findings have provided promising biomarkers 
for early recognition and diagnosis. Early diagnosis and early 
intervention impact the prognosis of these conditions significantly.  
For ASD, standardized tests, such as ADOS, are largely subjective 
and not reliable until age 2. Even then, these tests are frequently 
not readily available and miss the early clinical signs, which further 
delays diagnosis. Similarly, ASD co-morbidities are also frequently 
overlooked during diagnosis and differential diagnosis due to the 
atypical presentations and overlapped symptoms. Research into 
objective biomarkers has attracted a lot of attention. Prenatal and 
neonatal inflammatory markers [27] could hold some predictive 
value. Elevation of cytokines indicate that inflammation may be an 
important link between ASD and SCZ [11]. 

However, there is not a validated panel that can provide a reliable 
inflammatory signature for these distinct disorders. Preliminary 
data indicates that gut and oral microbiome signatures [28] may 
have predictive value for the diagnosis of ASD and ASD subtypes. 
Recent research offers the first evidence that patients with SCZ 
show marked disturbances of gut bacterial taxa composition with 
a decreased microbiome diversity index which are associated with 
specific SCZ phenotypes, symptom severity, and treatment response 
[29]. Only overlapping partially, SCZ microbiome disturbances are 
distinct from those found in ASD. Further studies are warranted to 
identify microbiome characteristics unique to different psychiatric 
disorders for the purpose of reliable early detection and accurate 
differential diagnosis. Burgeoning biotechnologies also offer 
differential diagnosis value. Eye tracking with a developmental 
milestone-appropriated paradigm [30] has been reported as a 
potential early marker for ASD [31,32]. highlighted both shared 
and distinct social cognitive processes in SCZ and ASD that may 
contribute to their characteristic social disabilities [32]. 

Moreover Hazlett HC et al. [33] reported MRI brain surface 
change at 6-12 months of age and Emerson et al. [34] illustrated 
functional connectivity change at 6 months of age; both longitudinal 
studies demonstrated high predictive validity for ASD diagnosis at 
24 months. Similarly, an EEG study found that increased cortical 
reactivity to repeated tones at 8 months correlated with later ASD 
development [35]. Using electrophysiology and fMRI on both SCZ 
and ASD participants, researches showed equivalent deficits in 
facial emotion recognition and motion sensitivity but markedly 
different profiles of physiological dysfunction. The specific pattern 
of deficits observed in each group may help guide the development 
of treatments designed to down-regulate versus up-regulate visual 
processing within the respective clinical groups [36,37] used 
the latest advances in deep learning to formulate a personalized 
machine learning framework for characterizing the ASD children’s 
facial expression, head and body movement, hand gesture, voice, 
and blood pressure during robot-assisted autism therapy.  This 
study collected a multimodal dataset of 35 ASD children from 
different countries and confirmed a high agreement between the 
perception of the robot and the clinical experts in the estimation of 
effect and engagement of children with ASD (interclass correlation 
of 60%). Studies on the similarities and differences among ASD, 
SCZ, and other psychiatric disorders via digital tools and artificial 
intelligence will provide significant diagnostic value in the future.

Emerging Treatments for ASD and Co-Morbidities

Traditionally ASD treatment has been largely behaviorally 
based, and SCZ treatments have been focused on symptomatic relief. 
With the understanding of the shared pathophysiology mentioned 
above, evidence-based treatments are under preclinical and 
clinical trial testing and many have demonstrated initial efficacy. 
To treat the inflammatory and autoimmunity abnormalities in 
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ASD [38,39] demonstrated intravenous immunoglobulin (IVIG) 
treatment has significant efficacy in ASD individuals [40] reported 
symptom improvement with Rituximab for pediatric autoimmune 
and inflammatory CNS disease. Sulforaphane, a well-known anti-
inflammatory and the antioxidant natural product, was reported to 
have beneficial effects for both ASD [41] and SCZ [42].

Cannabidiol (CBD) oil has been experimentally used in ASD with 
some improvement in ASD comorbid symptoms [43]. To change 
the microbiome ecosystem, the treatment trials of probiotics [44] 
and fecal transplant therapy [45] have been reported considerable 
improvement of core symptoms in ASD, SCZ and other neuro-
psychiatric conditions [46]. As discussed above, the excitation-
inhibition imbalance is a key mechanism for ASD and co-morbid 
neuro-psychiatric disorders. The emerging drugs targeting this 
pathway, including some off-label, previously approved drugs, have 
been through extensive preclinical and clinical trials. Arblafen, a 
GABA-b receptor agonist, showed improved CGI and social adoption 
skills [47]. Bumetanide, known to modify intracellular chloride 
concentration and thereby enhancing GABA mediated inhibition, 
showed improved CARS, SRS and CGI [48]. These emerging 
therapies could be beneficial for ASD and other psychiatric co-
morbidities with shared pathogenesis. 

Conclusion

The ASD epidemic is a medical and public health crisis that is 
exacerbated by the high incidence of psychiatric co-morbidities. 
ASD and SCZ, in addition to other neuro-psychiatric disorders, 
overlap at multiple levels, including genetics, epigenetics, and 
pathogenesis. Early recognition and diagnosis of ASD and its 
co-morbidities significantly impact the outcome and prognosis. 
Evidence-based target therapies on the horizon for ASD, SCZ, and 
other neuropsychiatric disorders, while promising, require further 
investigation. Research identifying signature biomarkers will 
facilitate both diagnosis and differential diagnosis of each distinct 
condition, which will provide more precise treatment targets and 
will lead the way for the development of new therapeutic modalities 
that curb the core symptoms and disease mechanisms. 
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