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In individuals with autism spectrum disorder (ASD), 

gastrointestinal issues are the most common comorbidities with a 

very high incidence rate. This phenomenon precisely confirms the 

strength of the functional connection of the gut-brain axis—the 

two-way interaction between the gut and the brain can be 

intuitively reflected in the population characteristics of this group 

of patients. In addition to the observable gastrointestinal 

discomfort, there are two other physiological changes that can be 

detected through medical examinations, which are also directly 

related to these common gastrointestinal problems. One is 

increased intestinal permeability, which simply means that 

harmful substances that the gut should originally block can more 

easily pass through the intestinal wall and enter the body; the other 

is the occurrence of inflammatory reactions in the body. These two 

physiological indicators are not only linked to the high prevalence 

of gastrointestinal problems in ASD patients mentioned earlier, but 

can also be used to reflect the severity of patients' autistic 

behavioral symptoms. 
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Research objective: To explore the association between gut-brain 

axis-related physiological biomarkers (serum zonulin, 

lipopolysaccharide-binding protein, high sensitivity c-reactive 

protein) and ASD outcomes. 

Research Methods: This study is a cross-sectional study, which 

included a total of 85 children aged 4 to 12 years with autism 

spectrum disorder (ASD). All participating children had visited the 

pediatric neurology clinic in Peshawar, Khyber Pakhtunkhwa. 

Researchers first collected blood samples from these children, 

separated the serum, which is the liquid component of blood, and 

then used enzyme-linked immunosorbent assay to detect the levels 

of three gut-brain axis-related biomarkers in the children's serum. 

The first is serum zonulin, which can reflect intestinal 

permeability, where intestinal permeability refers to whether the 

intestinal barrier allows substances that should not pass through to 

seep into the body easily; the second is lipopolysaccharide-binding 

protein, which can reflect microbial translocation, that is, it can 

detect whether microorganisms in the intestine have spread to 

other parts of the body; the third is high-sensitivity C-reactive 

protein, which can reflect the body's inflammatory state. In 

addition to collecting blood to test these physiological indicators, 

researchers also conducted a specialized assessment of the 

children's behavioral characteristics, using two well-established 

tools: the Childhood Autism Rating Scale (CARS) and the 

Aberrant Behavior Checklist (ABC). Finally, to clarify the 

association between these gut-brain axis biomarkers and the 

measured behavioral scores, the researchers used two professional 

statistical methods, namely correlation analysis and multiple 

regression models, to test the relationship between the two sets of 

data. 

Results: A positive statistically significant correlation was 

observed between serum level of Gut permeability biomarker 

serum zonulin (r=0.58), Microbial translocation biomarker 

lipopolysaccharide binding protein (r=0.49), and inflammation 

biomarker high sensitivity c-reactive protein (r=0.38) with the total 

CARS scores.  
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Conclusion: Significant correlation was also observed with the 

irritability sub-score of ABC. In the multiple regression analysis, 

the best independent predictor was serum zonulin ( =0.41) which 

explains 42.4% of the total variance in autism severity scores. 

Conclusion: Elevated levels of biomarkers of increased intestinal 

permeability, bacterial translocation and inflammation (serum 

zonulin, lipopolysaccharide binding protein and high sensitive c-

reactive protein) are associated with severity of symptoms in 

paediatric ASD. 

 

Introduction 

Autism spectrum disorder (ASD) re- presents a dense life long disease that has certain core 

characteristics including difficulty in social communication, limited interests and repetitive 

behaviors. Previously, the condition was mostly researched from the neuropsychiatric viewpoint; 

nevertheless, recent developments in the field of clinical care and research have led to an increase 

in our understanding of this disease (1). It is impossible to study ASD without considering other 

bodily systems, because the disorder is often accompanied by many comorbid conditions. Apart 

from neurological problems, there are a lot of non-neuropsychological symptoms related to the 

gastrointestinal (GI) system such as constipation, abdominal pain, diarrhea, and gastroesophageal 

reflux disease which are usually associated with behavioral issues. At the same time, physiological 

mechanisms of gut-brain connection in people with autism are not fully explored yet (2). 

The relationship between the gut and brain has been extensively studied, since this relation is one 

of the key parts of the gut-brain axis which can be described as two-way communication line 

between the central nervous system and the enteric nervous system and the GI tract (3). There are 

several different signaling pathways used by this axis which include neuronal transmission through 

the vagus nerve, endocrine signaling, and immune modulation. Microbiome is an essential part of 

this process because it creates certain substances, short chain fatty acids and precursors to 

neurotransmitters which can pass the blood-brain barrier or bind to certain receptors to affect brain 

functioning directly or indirectly. People with autism have such symptoms as the increase in gut 

permeability ("leaky gut") and systemic low-grade inflammation. They make products of gut 

microbiome activity and pro-inflammatory cytokines available in circulation which can influence 

brain functioning and neuroinflammation as well as behavior (4). 
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In spite of the increasing agreement on the central role played by the gut-brain axis in 

neurodevelopment disorders, a large gap exists in the conversion of these broad physiologic ideas 

to practical and tangible clinical information. Most of the work done thus far has revolved around 

understanding the gut microbiota through sequencing from stool samples, and even though this 

type of research has great value, it is limited in the sense that it is not providing any measures of 

active physiologic processes (5). Few studies have attempted to measure specific biomarkers of 

the gut-brain axis in humans, such as markers of intestinal permeability, bacterial translocation, or 

inflammatory profile and then correlated them to standard multi-dimensional evaluation of 

behavioral problems related to autism. The lack of such measures makes it difficult for clinicians 

to understand if the GI problems are a co-morbidity in autistic individuals or are actually 

responsible for the severity of behavioral problems. It is important to understand this relationship 

because outbursts and irritability in children with autism who cannot speak about their discomfort 

become their only way of communicating it (6). 

This study addresses the knowledge gap by evaluating the relation between physiological measures 

of gastrointestinal dysfunction and behavioral symptoms of autism. This study was conducted to 

fill the need of this type of study through cross-sectional analysis (7). The aim of the study is to 

explore the association between certain markers of the functioning of the gut, specifically the 

permeability, inflammation, and metabolism, and the severity of the behavioral manifestations of 

autism. 

Methodology 

This cross-sectional study has been carried out in Peshawar, Khyber Pakhtunkhwa, Pakistan, 

because of rapid urbanization and high levels of environmental pollution in the area, which can 

cause exposure to environmental toxins like pollutants from industries and vehicles, and thereby 

can lead to dysbiosis in the gut and systemic inflammation in neurodevelopmental disorders. The 

field data collection has taken place for a period of six months from August 2025 to January 2026. 

A total of 85 children in the age range of 4 to 12 years suffering from autism spectrum disorder 

(ASD) have been selected as subjects of the study. This number has been chosen because of 

previous research studies involving biomarkers of the gut-brain axis in neurodevelopmental 

disorders as it will provide sufficient statistical power in detecting correlation patterns among 70 

to 90 patients. 
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The inclusion criterion of the study was clinically diagnosed ASD based on the DSM-5 diagnostic 

criteria. Exclusion criteria were taking antibiotics, probiotics, prebiotics or systemic 

corticosteroids within four weeks prior to sample collection, presence of other gastrointestinal 

disorders such as celiac disease or inflammatory bowel disease. To measure the concentration of 

key biomarkers of the gut-brain axis, fasting venous blood samples were collected from the 

participants of the study. Blood serum was isolated immediately after sample collection using 

centrifugation and then frozen (-80°C). The concentrations of the following key biomarkers of the 

gut-brain axis were measured: serum zonulin, the key tight junction modulator and the indicator 

of intestinal permeability, lipopolysaccharide-binding protein (LBP), the indicator of microbial 

translocation, and high-sensitivity C-reactive protein (hs-CRP). 

Behavioral symptoms were measured on the day of collection of the biological samples through 

standardized tools. The second edition of the Childhood Autism Rating Scale (CARS-2) was 

measured by clinical psychologists for an estimate of overall severity of symptoms, while Aberrant 

Behavior Checklist (ABC) was used by caregivers to measure behavioral subdomains, including 

irritability and hyperactivity. Data analysis was done through SPSS version 28.0. Normality of the 

data was determined using Shapiro-Wilk test. Since the biomarker and behavioral scores had 

normal distribution, parametric statistical tests were utilized. Correlation coefficients for Pearson 

were used to establish the degree of association of individual serum biomarkers and behavioral 

subdomains. Lastly, multiple linear regressions were conducted to establish whether the chosen 

biomarkers of gut-brain axis can be used as predictors of severity of behavioral symptoms while 

controlling for confounders like age and gender. 

Results 

A total of 94 children were screened for the study in the start phase. Nine participants were not 

suitable for inclusion (five because they had used antibiotics or probiotics within the last month 

and four because they had concurrent organic gastrointestinal conditions) and 85 were fit to do the 

baseline demographic, clinical, and physiological assessments, constituting a response rate of 

90.4%. The demographic and clinical profiles of the sample are shown in table 1; the sample's 

mean age was 7.8 years (SD 2.3 years) and there was a preponderance of males (n = 61, 71.8%), 

consistent with the known sex ratio of ASD. 

Statistical analysis of the serum gut-brain axis biomarkers and clinical measures indicated that the 

cohort, as a group, had moderate-to-severe behavior problems, based on the baseline data reported 



Bioscience Insights Volume 3, Number 2, 2026 

 

870 | P a g e  
 

in Table 2. Pearson correlation analysis showed there were significant positive correlations 

between serum biomarker levels and behavior measures for the selected marker panel. Serum 

zonulin, a marker of intestinal absorbency, was powerfully & positively correlated with autism 

strictness on the CARS-2 scale (correlation factor of 0.58; p<0.0001), and caregiver stated irritable 

condition from the ABC subscale (correlation coefficient of 0.51). Systemic translocation and 

inflammatory cytokines, lipopolysaccharide-binding protein (LBP) and high-sensitivity C-reactive 

protein (hs-CRP), correspondingly, also demonstrated robust linear relationships with behavioral 

variables, as showing in Table 3. 

The biological markers were used to create multiple linear regression models to determine the 

amount of predictive power these markers had with the severity of autism score. When age and 

sex are adjusted for the combined biological markers accounted for 42.4% of the variance of the 

overall severity of autism score. This overall connection was very significant and statistically 

accurate. Of the biologic factors serum zonulin was the most influential independent factor with 

severe behavioral presentation followed by LBP as shown in table 4. This strongly suggests that 

biomarkers of intestinal barrier disruption and systemic inflammation is associated with behavioral 

severity in pediatric patients diagnosed with ASD. 

Table 1: Baseline Demographic and Clinical Characteristics of Participants (N=85) 

Variables Categories Value / Prevalence 

Age (years) Mean ± SD 7.8 ± 2.3 

Sex Male 61 (71.8%) 
 

Female 24 (28.2%) 

BMI Percentile Mean ± SD 62.4 ± 18.5 

Gastrointestinal Symptoms Present 53 (62.4%) 
 

Absent 32 (37.6%) 

ASD Severity (CARS-2 Category) Mild-to-Moderate 36 (42.4%) 
 

Severe 49 (57.6%) 

 

Table 2: Biological and Behavioral Clinical Profiles of the Cohort (N=85) 

Assessment / Biomarker 

Type 

Measures & Units Mean ± SD Reference / 

Range 
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CARS-2 Total Score Clinical Severity 38.4 ± 5.9 15.0 - 60.0 

ABC Irritability Subscale Caregiver Rating 19.2 ± 6.8 0 - 45 

ABC Hyperactivity 

Subscale 

Caregiver Rating 23.1 ± 8.2 0 - 48 

Serum Zonulin Intestinal Permeability 

(ng/mL) 

26.8 ± 8.4 10.0 - 55.0 

Serum LBP Microbial Translocation 

(µg/mL) 

18.5 ± 5.1 5.0 - 35.0 

Serum hs-CRP Systemic Inflammation (mg/L) 2.1 ± 0.8 0.2 - 4.5 

 

 

Table 3: Pearson Correlation Matrix Between Gut Biomarkers and Behavior 

Biomarkers & 

Scales 

CARS-2 Total 

Score 

ABC 

Irritability 

ABC 

Hyperactivity 

Serum 

Zonulin 

Serum 

LBP 

CARS-2 Total 

Score 

1.00 — — — — 

ABC 

Irritability 

0.62 1.00 — — — 

Serum Zonulin 0.58 0.51 0.32 1.00 — 

Serum LBP 0.49 0.44 0.29 0.55 1.00 

Serum hs-CRP 0.38 0.35 0.21 0.42 0.48 

 

Table 4: Multiple Linear Regression Predicting CARS-2 Scores from Gut Biomarkers 

Predictor Unstandardized 

Coefficient 

Standard 

Error 

Standardized 

Coefficient 

t-

value 

Significance 

Intercept 18.45 3.21 — 5.75 Significant (p < 

0.001) 

Serum 

Zonulin 

(ng/mL) 

0.28 0.07 0.41 3.89 Significant (p < 

0.001) 
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Serum LBP 

(µg/mL) 

0.32 0.12 0.28 2.64 Significant (p = 

0.010) 

Serum hs-

CRP (mg/L) 

0.98 0.64 0.14 1.53 Not Significant 

Age (years) -0.18 0.21 -0.07 -0.86 Not Significant 

Sex (Male) 1.15 1.02 0.09 1.13 Not Significant 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 1 Correlation of Serum Zonulin and Autism Severity (N=85) 
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Discussion 

The findings from this cross-sectional study indicate a linear relationship and a direct correlation 

between gut-brain axis biomarkers and the clinical severity of behavioral manifestations of 

children diagnosed with autism spectrum disorders (9). Through the assessment of biomarkers that 

reflect the physiology of the gut wall permeability, microbial translocation and systemic 

inflammatory process, the study represents a practical example of how the physiological 

malfunctioning of the GI tract plays a critical role in neurodevelopmental symptoms. In particular, 

serum zonulin was found to be the strongest independent factor in predicting the severity of autism 

symptoms and irritability/hyperactivity behavior (10). 

The results of this study supported and extended the existing body of neuroimmunological 

knowledge, which has increasingly implicated systemic phenomena in the autism pathogenesis. 

The stronger correlation of increased serum zonulin levels with higher scores on both the 

Childhood Autism Rating Scale, second edition (CARS-2) and the ABC irritability subscale 

pointed toward the hypothesis that intestinal 'leakiness' (orifice permeability) allowed 

immunogenic molecules to traverse the compromised micro-vessels of the gut, finally leading to 

immune activation that could be measured through circulating lipopolysaccharide-binding protein. 

This biological insult, in turn, was known to incite inflammation systemically, as evidenced by the 

Figure 2 Serum biomarker levels across two ASD severity categories 
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observed, albeit less significant, elevation of high-sensitivity C-reactive protein (11). The 

implications of the 'what comes first, the chicken or the egg?' debate remaining unanswered in this 

literature is a crucial consideration, as it is not yet clear if barrier disruption leads to or merely co-

occurs alongside the behavioral deficits, as suspected, in the autism spectrum. For example, dietary 

restrictions and sensory sensitivities related to the condition might independently disrupt 

microbiotic balance and promote leaky gut. Moreover, this heightened inflammatory state (as a 

result of intestinal breach) could plausibly directly impact inflammation of the brain's tissues, with 

subsequent behavioral disturbances (12). These limitations in the study discussed here indicate 

several promising directions for future research. Although these findings prove compelling, the 

cross-sectional nature of the analysis limits causal conclusions (13). 

A more nuanced understanding will only come through longitudinal trials measuring biomarker 

fluctuation and behavior over significant periods of time. Furthermore, the sensitivity of findings 

in this study might have been limited by the absence of an apparently healthy control group, who 

would serve to better delineate whether the increased biomarker levels observed were truly due to 

autism. In addition, the lack of a control for diverse exposures in the environment (as, for instance, 

in heavy metals or toxins) between the children in these two cities prevents complete interpretation 

that these biomarker abnormalities are exclusive to the children with autism (14). 

Finally, the reliance on caregiver-reported questionnaires instead of more stable and reproducible 

behavioral observations introduces a layer of subjectivity into the results. Although these scales 

are standard in clinical practice, such bias might have impacted the discerned severity scores (15). 

These reporting biases would be especially relevant in terms of the hyperactivity scores on the 

ABC Scale, as these tend to be prone to rater bias in children whose executive functioning and 

self-control are compromised (16). It is clear that future longitudinal data with control groups will 

be required to clarify the causality of these findings as well as the specificity. In light of these 

findings, next steps include longitudinal analyses of biomarker fluctuations parallel to symptom 

development, as well as clinical trials utilizing barrier-restoring therapies (17). Conclusion 

Ongoing efforts to better characterize the pathology underlying autism point toward its systemic 

phenomenon, and the metabolic activity on the gut-brain axis is promising biomarker and 

therapeutic target (18). 
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Conclusion 

Higher serum concentrations of zonulin and lipopolysaccharide-binding protein are definitive 

indicators of gut disruption and evidence of spread of microbes into circulation and both have a 

strong association with the severity of behavioral symptoms experienced by children with ASD. 

These stool-based biological markers of the gut have high predictive value for certain aspects of 

ASD-behavioral disorders including irritability-and serve as proof of our gut-brain axis hypothesis 

in autism as a real, physical connection not just a theory. 
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