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ABSTRACT:

Background: Autism spectrum disorder (ASD) is a complex neurodevelopmental condition characterized by persistent
deficits in communication, social interaction, and behavior. While its behavioral features are well documented, the
biochemical correlates of symptom severity remain underexplored. Plasma ammonia, a neurotoxic metabolite, may
contribute to ASD pathophysiology by disrupting neuronal signaling and brain metabolism.

Objectives: This study aimed to measure plasma ammonia levels in children diagnosed with ASD and to evaluate the
association between ammonia concentration and the severity of autistic behaviors using the Childhood Autism Rating
Scale (CARS).

Methods: A cross-sectional observational study was conducted over 10 months at a tertiary pediatric institution in Kerala,
India. Fifty-three children aged 3—7 years with a confirmed diagnosis of ASD (DSM-5 criteria) were retrospectively
analyzed. Plasma ammonia concentrations were measured using the Beckman Coulter AU680 analyzer, and behavioral
severity was assessed using CARS. Pearson correlation analysis was used to determine associations between variables.
Results: Plasma ammonia levels were elevated in 27 of 53 children (50.9%). A moderate, statistically significant positive
correlation was observed between plasma ammonia levels and CARS scores (r = 0.31, p = 0.024). Ammonia levels did
not show significant associations with age or gender.

Conclusion: Elevated plasma ammonia levels may serve as a simple, low-cost, and accessible biochemical marker of
behavioral severity in children with ASD. These findings support the integration of metabolic screening with behavioral
assessment to facilitate early detection and personalized intervention strategies.

KEYWORDS: Ammonia, Autism Spectrum Disorder, Behavioral Severity, Hyperammonemia, Metabolic Biomarkers.

INTRODUCTION

Autism spectrum disorder (ASD) is a complicated neurodevelopmental illness that is typified by persistent social
communication difficulties and restricted, repetitive behavioral patterns. Over the past 20 years, it has become more
widespread globally, and extensive studies have been done on its genesis, diagnosis, and potential therapy targets. While
the behavioral aspect of ASD is widely recognized, less is known about the disorder's biochemical foundations,
particularly about metabolic indicators such as blood ammonia, which may provide hints about neurotoxic mechanisms
affecting behavior and brain development.

A neuroactive chemical called ammonia is produced during the metabolism of proteins. In healthy individuals, ammonia
can be converted by the liver to urea, which the kidneys subsequently eliminate. However, hyperammonemia, or elevated
ammonia levels, can cause serious brain damage. Measuring ammonia has long been crucial in evaluating metabolic
diseases and hepatic encephalopathy [1]. In addition to liver disease, its use has been expanded to include neurological
and psychiatric conditions such as epilepsy and mood disorders [2]. The development of ammonia detection, including
point-of-care sensors, has made it possible to monitor this metabolite more accurately in a variety of clinical conditions
[3]. Furthermore, elevated blood ammonia levels have emerged as prognostic factors in emergency medicine. For example,
studies have demonstrated its utility in predicting neurological outcomes following out-of-hospital cardiac arrest [4].
Nevertheless, variations in sampling site, storage conditions, and patient comorbidities continue to affect measurement
reliability, particularly in pediatric populations where metabolic and nutritional factors are highly variable [5].
Importantly, even mild elevations in ammonia have been associated with neurocognitive disturbances and impaired
psychomotor performance in non-hepatic conditions, emphasizing ammonia’s broader neurological relevance [6].
Despite these insights, the investigation of blood ammonia concentrations specifically in children with ASD remains
limited. Children with autism frequently exhibit gastrointestinal disturbances, selective dietary habits, altered gut
microbiota, and possible mitochondrial dysfunction, all of which can influence nitrogen metabolism and ammonia
production [7,8]. These metabolic irregularities may predispose certain subgroups of children with ASD to higher systemic
ammonia levels, potentially exacerbating neurobehavioral symptoms [9,10].

Ammonia at high concentrations exerts neurotoxic effects that impair neuronal signaling, alter energy metabolism, and
disrupt the balance of neurotransmitters within the central nervous system. The blood—brain barrier is readily permeable
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to ammonia, allowing it to reach the brain, where it disturbs astrocyte function, interferes with the conversion of glutamate
to glutamine, and induces oxidative stress and mitochondrial dysfunction [11]. These alterations can lead to cognitive
deficits, behavioral disturbances, and motor impairments, even in the absence of hepatic disease. In children with autism
spectrum disorder (ASD), such disruptions may aggravate existing neurodevelopmental vulnerabilities, contributing to
irritability, hyperactivity, and communication difficulties [12]. Emerging evidence indicates that metabolic dysregulation,
including elevated ammonia levels, may serve as a peripheral indicator of impaired brain bioenergetics in ASD,
underscoring the need to examine ammonia not merely as a metabolic byproduct but as a potential contributor to
neurobehavioral pathology [13].

In parallel, ASD research has increasingly explored its multifactorial etiology, encompassing genetic, epigenetic,
environmental, and immunological factors [14]. Mitochondrial dysfunction, oxidative stress, and immune dysregulation
are now recognized as significant neurodevelopmental risk factors in ASD pathogenesis [15]. These biological pathways
intersect with metabolic biomarkers such as ammonia, particularly during early brain development.

Clinical pediatric guidelines stress the importance of early ASD diagnosis and intervention, given the high neural plasticity
in early life that presents a crucial therapeutic window [16]. Meanwhile, neurobiological studies have identified specific
brain structures and circuits implicated in ASD, enhancing our understanding of how biochemical imbalances may
translate into functional deficits [17]. In clinical practice, however, challenges remain in managing behavioral symptoms
and associated comorbidities, such as dental anxiety and feeding difficulties, which can further aggravate metabolic
abnormalities [18].

Prenatal and perinatal risk factors such as infections, metabolic disorders, nutritional deficiencies, teratogen exposure, and
maternal dietary imbalances are increasingly acknowledged as potential contributors to ASD [19]. These factors may
directly or indirectly affect ammonia metabolism via liver function, gut microbiota changes, or mitochondrial activity.
Although a strong theoretical link exists between ammonia metabolism and neurodevelopment, there is a marked lack of
empirical evidence on blood ammonia levels in children with ASD. Most prior research has been in hepatic or
toxicological contexts, with minimal exploration of how hyperammonemia might correlate with behavioral severity in
ASD populations.

Objectives of the study

The objectives of the present study were twofold. First, the study aimed to measure and categorize plasma ammonia levels
in a cohort of children clinically diagnosed with autism spectrum disorder (ASD). Second, it sought to evaluate the
association between blood ammonia concentrations and the severity of behavioral symptoms, as assessed using the
Childhood Autism Rating Scale (CARS).

Rationale and Significance of the Study

This study is one of the few in India, and among the very few worldwide, to empirically examine the plasma ammonia
profile in children with ASD. It employs standardized biochemical measurement protocols and validated clinical
behavioral scales to explore a potentially novel biomarker for behavioral severity.

Understanding the metabolic profile of children with ASD could bridge the gap between behavioral manifestations and
underlying biological mechanisms, paving the way for targeted interventions. If elevated ammonia is shown to correlate
with symptom severity, it could serve as a cost-effective, accessible biomarker to support early diagnosis and personalized
treatment planning. Moreover, these findings may stimulate further multidisciplinary research at the intersection of
neurodevelopment, biochemistry, and clinical pediatrics.

METHODOLOGY

Study Design

A cross-sectional observational strategy was used in this study to measure blood ammonia levels in children with ASD
diagnosis.

Study Setting and Duration

The study was conducted at a Tertiary Care Centre, Kerala, in the Department of Pediatrics in collaboration with the
Department of Physiology. Data was gathered and examined over the 10 months.

Ethical Considerations

Ethical clearance was obtained from the Institutional Ethics Committee before commencing the study.To the greatest
extent possible, participant anonymity was maintained, and no personally identifiable information was disclosed.

Study Population

Children diagnosed with ASD in a clinical setting according to the DSM-5 were included as the study population in this
study (qualified developmental pediatricians or psychiatrists confirmed the diagnosis). Targeted children were those at an
early age of development, and this stage is characterized by high plasticity in the number of neurons, which also
corresponds with variability in metabolic processes taking place.

Selection Criteria

Children between the ages of three and seven met the inclusion requirements for the study: a confirmed diagnosis of ASD
by qualified clinicians based on the requirements contained in the DSM-5, a recorded plasma ammonia level in their
medical history, and complete clinical and behavioral data, including CARS scores. The exclusion criteria included
children with a known hepatic or renal dysfunction, a history of taking medications that are known to interfere with
ammonia metabolism, including adriamycin and valproic acid, in cases where crucial biochemical or behavioral
information is not complete or lost, and patients with reported genetic disorders and chromosomal abnormalities.
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Sample size calculation

The sample size was calculated to estimate the proportion of children with ASD presenting with elevated plasma ammonia
levels, with a 95% confidence level and 80% power. Based on previous pediatric metabolic studies reporting
approximately 50% prevalence of hyperammonemia among ASD subgroups, the expected proportion (p) was taken as
0.50 to maximize sample precision. The absolute allowable error (d) was set at 0.135. Using the formula for estimating a
single population proportion [20]:

n= le—a/z X p(l - P)

d2
Where,
Z1—q2 = 1.96 (for 95% confidence level),
p = 0.50,

d =0.135
Substituting the values:

n = (1.96)% x 0.5(0.5)/(0.135)? = 52.8

Thus, the minimum required sample size was 53 participants, which was achieved in this study. An 80% power was
adopted to ensure adequate precision in the prevalence estimate. The calculation aligns with the recommendations of
Lwanga and Lemeshow (1991) [20] and was cross-verified using the approach by Sharma et al. (2020) [21] for
observational designs.

Sampling method

Consecutive (total enumeration) sampling was applied to all eligible medical records during the study window (January—
October 2018) at the tertiary care center. All children aged 3—7 years with clinician-confirmed ASD (DSM-5) and
complete data for plasma ammonia and CARS were included. Exclusion criteria were hepatic or renal dysfunction, use of
medications affecting ammonia metabolism, genetic or chromosomal disorders, and incomplete records. This census
approach minimized selection bias by attempting to include every eligible case available within the defined time frame
and setting [21].

Variables Studies

The primary variable was plasma ammonia concentration, expressed in micromoles per liter (umol/L) and converted to
micrograms per milliliter (ug/mL) under pediatric practice standards. Secondary variables included age (in years), gender,
CARS score, behavioral symptoms (e.g., irritability, aggression, speech delay), and comorbid conditions such as epilepsy
or neurodevelopmental regression.

Instruments and Tools

The assessment of behavioral and clinical variables was conducted through a review of patient files and clinical records.
Behavioral severity was measured using the CARS. Biochemical data were sourced from laboratory reports. Plasma
ammonia levels were estimated using the Beckman Coulter AU680 autoanalyzer, which is a fully automated and validated
biochemical analyzer. Blood samples were collected under standard conditions and processed by centrifugation to separate
plasma, which was then analyzed promptly to minimize pre-analytical variability. According to institutional guidelines,
plasma ammonia levels below 70 umol/L (approximately 1.2 pg/ml) were considered to be within the normal pediatric
range.

Data Collection Procedure

Data were collected retrospectively from patient case records maintained in the pediatric department. A structured
checklist was utilized to extract information on demographics, clinical symptoms, behavioral assessments, and
biochemical results. Each record was de-identified and assigned a unique study code for data entry. All collected data
were compiled into Microsoft Excel spreadsheets and reviewed for completeness and consistency before analysis.
Statistical Analysis

Descriptive statistics, including mean, standard deviation, minimum, maximum, and range, were used to characterize
continuous variables like age, plasma ammonia level, and CARS scores. Categorical variables were described using
percentages and frequencies. Pearson correlation analysis was used to determine the strength and direction of linear
connections between ammonia levels and certain variables, such as age and CARS score. A p-value of less than 0.05 was
considered to be statistically significant. Pie charts and other visual aids were also used to show how individuals' high vs
normal ammonia levels were distributed. To investigate data patterns and find outliers, box plots and scatter plots were
employed.

RESULTS

Demographic and Clinical Characteristics

A total of 53 children clinically diagnosed with autism spectrum disorder (ASD) were included in the final analysis. The
participants’ average age was 3.58 + 0.93 years, with most children falling within the 3—4-year age range. The gender
distribution showed a slight predominance of males, consistent with the global epidemiology of ASD, comprising 28
males (52.8%) and 25 females (47.2%).

Behavioral severity, as assessed using the Childhood Autism Rating Scale (CARS), ranged from 30 to 40, with a mean
score of 34.04 + 2.67. These values indicate that most children in this cohort exhibited mild to moderate autism, with no
participants scoring within the severe range. This may reflect a selection bias toward children with milder symptom
presentations or those more likely to seek early intervention.

A summary of continuous variables, including age, plasma ammonia, and CARS scores, is provided in Table 1.
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Table 1. Descriptive Statistics of Key Variables (N = 53)

Variable Mean Standard Deviation Minimum Maximum
Age (years) 3.58 0.93 3.0 7.0
Ammonia (ug/mL) | 2.45 8.07 0.6 60.0
CARS Score 34.04 2.67 30.0 40.0

Distribution of Plasma Ammonia Levels

A histogram of plasma ammonia levels (Figure 1) demonstrated a positively skewed distribution, with most values
clustered between 1.0 and 2.5 pg/mL. A few outliers exhibited markedly elevated ammonia concentrations approaching
60 pg/mL, suggesting the presence of a metabolically distinct subgroup within the ASD cohort.
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Figure 1. Distribution of Plasma Ammonia Levels

Classification Based on Ammonia Status

Children were classified into two groups using an institutional reference cutoff of 1.2 ug/mL for plasma ammonia. Of the
53 children, 27 (50.9%) exhibited elevated ammonia levels, while 26 (49.1%) had normal levels.

This nearly equal distribution highlights the metabolic heterogeneity among children with ASD and aligns with emerging

evidence suggesting altered biochemical profiles in certain subgroups. The classification summary is presented in Table
2.

Table 2. Plasma Ammonia Classification Based on 1.2 pg/mL Threshold

Ammonia status Frequency Percentage (%)
Elevated 27 50.9
Normal 26 49.1

Gender-Based Comparison

A boxplot comparison of plasma ammonia levels between sexes (Figure 2) showed that males had a slightly higher median
ammonia concentration than females, although the variability within each group was substantial. The overlapping
interquartile ranges indicate that this difference was not statistically significant.
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Figure 2. Ammonia Levels by Gender

Correlation Between Ammonia and Clinical Variables

To examine potential associations between biochemical and behavioral measures, Pearson correlation analysis was
conducted. The results showed a negative and very weak correlation between plasma ammonia levels and age (r = -0.08,
p = 0.555), indicating no statistically significant relationship between the two variables. In contrast, a moderate and
statistically significant positive correlation was observed between plasma ammonia levels and CARS scores (r = 0.31, p
= 0.024), suggesting that children with higher ammonia concentrations tended to exhibit more pronounced behavioral
symptoms associated with autism spectrum disorder (ASD). These findings imply that elevated plasma ammonia may be
linked to increased behavioral severity, even though it appears to be independent of age (Table 3).
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Table 3. Pearson Correlation Analysis Between Ammonia and Other Variables

Variable Pair Correlation Coefficient (r) p-value | Significance
Ammonia vs. Age -0.08 0.555 Not Significant (NS)
Ammonia vs. CARS Score 0.31 0.024 Significant

Visual Representation of Correlation Patterns

Figure 3 illustrates the relationship between ammonia levels and age, showing random dispersion without any discernible
trend, confirming the lack of correlation. The absence of a visible trend line and random dispersion of data points reflects
the lack of association between age and ammonia levels.
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Figure 3. Ammonia vs Age

In contrast, Figure 4, depicting ammonia levels against CARS scores, reveals a mild upward trend, particularly among
children with elevated ammonia levels, supporting the observed positive association between metabolic abnormalities and
behavioral severity.
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Figure 4. Ammonia vs CARS Score

Additional Observations and Clinical Implications

Visual inspection of outliers identified a few children with extremely elevated ammonia levels (>10 pg/mL), significantly
deviating from the group mean. These cases may warrant further metabolic or genetic evaluation to rule out urea cycle
defects, inborn errors of metabolism, or subclinical hepatic dysfunction.

Although gender differences were not statistically significant, future research with larger, stratified samples may clarify
whether sex-specific biochemical variations contribute to ASD pathophysiology.

DISCUSSION

The present research examined the correlation between the severity of behavior as assessed by CARS and the plasma
ammonia levels in children with ASD. The findings have important ramifications for the metabolic profile of children
with ASD and could be useful as a therapeutic biomarker. Hyperammonemia, defined as a high quantity of ammonia in
the plasma exceeding 1.2 pg/mL, was present in approximately 50.9% of the children studied. The ammonia concentration
ranged between 0.6 and 60.0 pg/mL, with a mean of 2.45 + 8.07 pg/mL. This wide range suggests considerable metabolic
diversity among children with ASD. Notably, the levels of plasma ammonia and CARS scores showed a moderate but
statistically significant positive correlation (r = 0.31, p = 0.024), indicating that children with higher ammonia levels were
more likely to exhibit more severe autistic behaviors.

This correlation does not imply causation, but it supports the hypothesis that neurotoxic metabolites such as ammonia
may influence or exacerbate behavioral symptoms in ASD. The absence of a significant correlation between age and
ammonia levels (r = -0.08, p = 0.555) suggests that other factors, including mitochondrial function, dietary habits, or
subclinical hepatic dysfunction, may contribute to elevated ammonia levels during early childhood, rather than
chronological age itself. The comparison between males and females did not reveal statistically significant differences,
indicating that metabolic variations related to sex are unlikely to be a dominant factor in early childhood ASD, at least in
terms of plasma ammonia concentration. Extreme outliers (ammonia >10 pg/mL) are clinically relevant, as they may
warrant additional diagnostic evaluation for urea cycle disorders, mitochondrial dysfunction, or other inborn errors of
metabolism, which might remain undetected due to overlapping behavioral symptoms.

These results align with contemporary neurobiological models that identify metabolic imbalance and oxidative stress as
key contributors to ASD pathophysiology. Neurodevelopmental impairments have been associated with mitochondrial
dysfunction, nitrogen metabolism abnormalities, and disruptions in the ROS/NF-xB pathway [17]. Additionally, brain
regions such as the prefrontal cortex and amygdala, both implicated in ASD, are highly susceptible to ammonia-induced
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neurotoxicity, which may explain the observed link between metabolic alterations and behavioral outcomes [17,18].
Recent studies have also highlighted the relationship between metabolic biomarkers and immune-inflammatory processes
in ASD, suggesting that ammonia may act as a systemic regulator of neural activity [18,19]. Moreover, growing evidence
indicates that the metabolic profile of children with ASD is shaped by prenatal factors such as maternal health, nutrition,
and environmental exposures [19].

However, the diagnosis and management of ASD continue to evolve in India, where clinical and research challenges
persist. The current findings provide a quantifiable biological correlate that could enhance behavioral diagnostic
approaches and facilitate a more comprehensive assessment of ASD. Some studies also suggest that metabolic markers
like lactate and ammonia may respond to exercise-based or lifestyle interventions, highlighting the potential of non-
pharmacological strategies as adjunctive therapies [21]. Given the variability in ASD diagnosis related to ethnicity, access
to care, and socioeconomic factors, integrating objective biomarkers such as plasma ammonia could reduce subjective
bias in diagnosis [22]. The present study contributes to ongoing initiatives in India aimed at improving early diagnosis
and individualized treatment for children with ASD [23]. As the field moves toward precision medicine [24], these results
lay a foundation for translational research. Furthermore, in cases where children with ASD have a history of developmental
trauma, neglect, or institutionalization, incorporating objective metabolic markers such as ammonia may improve
diagnostic accuracy in complex clinical contexts [25].

The observed relationship between rising ammonia levels and higher CARS scores suggests that ammonia could serve as
a potential indicator of behavioral severity in ASD. If confirmed in larger and more diverse cohorts, plasma ammonia
measurement could become part of standardized screening protocols for children undergoing neurodevelopmental
assessment. Clinically, identifying children with elevated ammonia levels could guide specific nutritional or
pharmacological interventions aimed at reducing systemic ammonia, such as dietary protein modulation, gut microbiota
regulation, or mitochondrial support therapy. In resource-limited settings, such biochemical screening could serve as a
cost-effective adjunct to traditional behavioral evaluation methods.

This study has several limitations. First, its cross-sectional design precludes causal inference and limits the ability to assess
temporal changes in ammonia levels. Second, the absence of a neurotypical control group restricts direct comparison.
Third, the analysis did not adjust for potentially influential factors such as medication use, gastrointestinal comorbidities,
or dietary patterns. The relatively small sample size and single-center setting may also affect the generalizability of the
findings. Additionally, pre-analytical variables such as fasting duration and sample handling time were not uniformly
recorded, which could have contributed to measurement variability even with standardized equipment.

Future research should employ larger, multi-center, longitudinal designs with matched neurotypical controls to validate
these findings. Tracking ammonia fluctuations over time and their responsiveness to therapeutic interventions could
provide valuable insights into treatment mechanisms. Exploring the gut—brain axis, particularly the role of gut dysbiosis
in ammonia generation, may further elucidate the metabolic underpinnings of ASD and support combined therapeutic
strategies. Integrating ammonia analysis into multi-omics platforms (genomics, metabolomics, and proteomics) could
clarify its role within the broader ASD biomarker framework. Establishing clinical cutoffs and identifying ASD subtypes
based on metabolic profiles may eventually lead to more targeted, mechanism-driven interventions and improved
outcomes for affected children.

CONCLUSION

This study is among the first empirical investigations in India to examine the relationship between plasma ammonia levels
and behavioral severity in children with autism spectrum disorder (ASD). The findings demonstrate a moderate and
statistically significant correlation (r = 0.31, p = 0.024) between elevated plasma ammonia concentrations and higher
Childhood Autism Rating Scale (CARS) scores. The observation that over half of the participants (50.9%) exhibited
hyperammonemia underscores the metabolic variability within the ASD population. These results highlight the potential
of plasma ammonia as a simple, accessible biomarker that could complement behavioral assessments in clinical practice.
Integrating biochemical screening with behavioral evaluation may enhance diagnostic precision, particularly in resource-
limited settings, where early identification of children requiring specialized metabolic or dietary interventions could
improve outcomes. The study also contributes to a deeper understanding of neurobiological heterogeneity in ASD,
supporting the view that behavioral symptoms may reflect underlying metabolic imbalances. Moving forward, this work
provides a foundation for multidisciplinary research, including multi-omics profiling, intervention trials, and longitudinal
studies aimed at developing personalized, mechanism-based approaches to the diagnosis and management of ASD.
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  n =     Z  1 − 𝛼 / 2 2 × p ( 1 − p )    d 2


    Z  1 − 𝛼 / 2 = 1 . 96  


  p = 0 . 50


  d = 0 . 135


  n = ( 1 . 96  ) 2 × 0 . 5 ( 0 . 5 ) / ( 0 . 135  ) 2 = 52 . 8

