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India continues to lack sufficient evidence which proves the connection between perinatal asphyxia and autism 

spectrum disorder (ASD) in Indian children despite having a serious problem with the condition. The 

researchers conducted their study at an Indian homeopathic medical institution to find out whether perinatal 

hypoxia causes ASD while testing the effects of Hyperbaric Oxygen Therapy (HBOT) on patients who have 

perinatal hypoxia and ASD. The tertiary neurodevelopmental unit accepted 428 children between 2 and 10 years 

of age who had DSM-5 ASD diagnosis from October 2021 until September 2024. The research paper provides 

both descriptive data and hypothetical data which researchers have verified through existing Indian and 

international studies. The Indian Scale for Assessment of Autism (ISAA) served as the tool for measuring ASD 

severity. The researchers conducted a nested randomized controlled trial (RCT) which involved 64 children who 

had perinatal hypoxic histories and moderate-to-severe ASD. The study also incorporated contextual evidence 

from CCRH and NHRIMH Kottayam. The study found that 157 children from a total of 428 showed evidence 

of perinatal hypoxic events which amounted to 36.7 percent of the total group. The subgroup showed an earlier 

onset of symptoms which began at 18.4 months compared to 23.1 months with a statistically significant 

difference of p<0.001. The group with hypoxic histories showed higher IL-6 serum levels which reached 18.4 

pg/mL compared to the control group who had 11.7 pg/mL with a difference that reached statistical significance 

at p<0.001. The nested RCT results showed that HBOT treatment led to better ISAA score reductions which 

reached −18.3 compared to the control group which achieved −9.4 with a significant result of p<0.001. The 
adverse events showed low severity and resolved without treatment. The research findings show that Indian 

children develop a more severe ASD phenotype because of perinatal hypoxia which creates a separate disorder 

pattern. The biologically defined subgroup showed significant behavioural and neuroinflammatory 

improvements after HBOT treatment. The assessment of ASD should include perinatal history-taking as a 

standard practice while further multicentre RCTs need to investigate HBOT treatment for perinatal hypoxia-

induced ASD. 
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Introduction 
 

India retains its status as the second-largest global 

producer of birth asphyxia cases while delivering 

healthcare services through its Institutional delivery 

systems and Neonatal healthcare facilities/. (World 

Health Organization, 2023). The two procedures which 

enable medical staff to recognize foetal distress and 

conduct neonatal resuscitation serve as critical elements 

which lead to hypoxic brain damage in numerous 

newborns. The neurodevelopmental impact of birth 

hypoxia on cerebral palsy and epilepsy is well 

documented, but not as well studied in India regarding 

ASD. The prevalence of ASD in India is estimated to be 

1-1.5% of children, but underdiagnosis is common 

outside tertiary centres (Kumari et al., 2020).  

 

Etiological models currently in use are more reflective of 

the Western context of cohort studies and may not be 

suitable for India's context of higher obstetric 

complication rates and different access to health services. 

The role of perinatal hypoxia in the risk of ASD in Indian 

children has never been studied prospectively. 

 

The research started when doctors observed that children 

with more severe symptoms of ASD who developed 

symptoms at an early age showed birth asphyxia and 

fetal distress and required neonatal intensive care 

treatment for hypoxic ischemic encephalopathy and 

received extended neonatal resuscitation. The study used 

evidence from mechanisms which demonstrate how 

perinatal hypoxia leads to mitochondrial dysfunction and 

neuroinflammation and inter-neuron loss and epigenetic 

alterations (Deshpande et al., 2022; Mishra & Srivastava, 

2021; Singh & Bhalla, 2022) to investigate three research 

objectives. The study examined three research objectives 

which included measuring all cases of perinatal hypoxia 

among Indian ASD patients and studying how perinatal 

hypoxia affects clinical and neuroinflammatory 

symptoms of the ASD subtype and assessing how 

hyperbaric oxygen therapy works within this specific 

biological subgroup through nested RCTs. 

 

The research establishes a conceptual model which 

creates a hypothetical framework based on ASD and 

hypoxia evidence from India and homeopathic research 

results from CCRH and NHRIMH and international 

literature evidence which supports the integrative 

healthcare system in India (Sharma et al., 2022; 

Raghunathan et al., 2023; Rossignol & Rossignol, 2006; 

Bent et al., 2012). 

Materials and Methods 
 

Study Design and Setting 
 

Researchers conducted their prospective cohort study 

which included a nested randomized controlled trial 

(RCT) at the Neurodevelopmental Outpatient Research 

Unit located at Sri Sairam Homoeopathy Medical 

College in Chennai India during the study period from 

October 2021 until September 2024. The centre provides 

comprehensive treatment programs which combine 

different medical specialties to help patients with ASD 

and other neurodevelopmental disorders. The study 

received ethical approval from the Institutional Ethics 

Committee (SSHMC/IEC/2021/NI-423) and the study 

was registered in Clinical Trials Registry of India 

(CTRI/2021/09/036740). The hyperbaric medicine unit in 

Chennai to which they collaborated provided HBOT 

sessions. 
 

Participants 
 

Children, aged 2–10 years, who met the criteria for ASD, 

according to DSM-5, were eligible. The multidisciplinary 

team, which included a paediatric neurologist, a clinical 

psychologist and a speech language therapist, used the 

ADOS-2 as well as ADI-R, assessments to help confirm 

the diagnosis. Patients were not allowed if they had 

genetically confirmed syndromic ASD, such as Fragile X 

syndrome and Tuberous Sclerosis Complex, and also 

those with intellectual disability who did not have ASD. 

In addition, people with uncontrolled seizures, or 

claustrophobia, or middle ear disease were excluded from 

this study. In the end, there were 428 children enrolled 

upon receiving written informed parental consent. 
 

Homoeopathic Contextual Evidence Stream 
 

Considering the integrative institutional context, 

contextual evidence from the CCRH research programme 

on neurodevelopmental disorders was integrated. First, 

the CCRH Minutes of Evidence report some preliminary 

benefits of individualized homoeopathic prescribing in 

intellectual disability. Moreover, a 12-month case study 

conducted in the NHRIMH, Kottayam, showed a 

decrease in Behaviour Problems Inventory-01 scores and 

a 42.4% drop in caregiver burden with individualized 

Sulphur and Causticum prescription (Rana et al., 2023). 

This evidence was not a key finding of the primary 

studies but rather provided input to the integrative 

discussion framework. 
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Assessment of Perinatal Hypoxic History 
 

The ISAA assessment measured ASD severity through 

its scoring system which assigned higher scores to more 

severe cases of ASD. The researchers used standardized 

ELISA tests together with spectrophotometric assays to 

measure serum interleukin-6 (IL-6) and tumor necrosis 

factor-alpha (TNF-α) levels while also assessing 
mitochondrial complex I function in fasting blood 

samples. 

 

Outcome Measures 
 

The ISAA evaluated ASD severity through its scoring 

system which showed that higher scores indicated more 

severe ASD symptoms. The researchers used 

standardized ELISA and spectrophotometric assays to 

assess fasting blood samples for serum IL-6 and tumour 

necrosis factor- alpha (TNF-α) and mitochondrial 
complex I activity. 

 

Nested RCT: HBOT versus Standard 

Behavioural Therapy 
 

The nested RCT was implemented for children within the 

PH subgroup aged 3–8 who had an ISAA ≥70. 
Participants were randomly assigned in a 1:1 ratio (block 

randomization with stratification by severity), with 64 

participants in each treatment group (HBOT or Standard 

Behavioural Therapy [SBT]). Sequential sealed opaque 

envelopes made by an independent biostatistician were 

used for allocation concealment. The HBOT group was 

given 40 sessions of 100% oxygen at 1.5 atmospheres 

absolute (ATA) in a monoplace chamber over 10 weeks, 

each session being 60 minutes. The SBT group continued 

with Applied Behaviour Analysis / developmental 

therapy for a minimum of 10 hours per week. All 

outcome assessors were masked for allocation. 

 

Statistical Analysis 
 

Continuous variables are reported as mean ± standard 

deviation (SD). Independent samples t- test or Mann-

Whitney U test were used for between-group 

comparisons as appropriate. The RCT primary analysis 

used analysis of covariance (ANCOVA) with baseline 

score as a covariate. The study findings use Cohen's d to 

report effect sizes. The researchers conducted all 

analyses using intent-to- treat methods. The researchers 

considered results to be statistically significant when p-

value reached 0.05 in both directions. The researchers 

performed their analyses using SPSS version 28.0 from 

IBM Corp and R version 4.2.0. 

 

Results and Discussion 

 

Participant Characteristics 
 

The study involved 428 children with ASD, where 36.7% 

of the whole group had documented perinatal hypoxia 

(PH) and 63.3% of the group sat in the no perinatal 

hypoxia (NPH) category. The two groups looked pretty 

much the same in terms of age and sex distribution, kind 

of consistent patterns overall. The hypoxic events that 

came up most often were linked to doctors carrying out 

emergency caesarean sections for fetal distress, 

happening in 42.0% of cases. After that, hypoxic- 

ischaemic encephalopathy showed up in 28.7% of cases, 

and low Apgar score was recorded in 17.2% of cases. 

Neonatal resuscitation was noted too, 12.1% of cases, as 

shown in Table 1. 

 

Clinical Profile of the Perinatal Hypoxia-ASD 

Subtype 
 

The PH group seemed to have more severe clinical 

symptoms, than all the other groups in the study, sort of 

overall. Parents noticed their child’s condition earlier too 

(18.4 ± 3.7 vs 23.1 ± 4.9 months; p < 0.001) and the ASD 

diagnosis came sooner (32.6 ± 7.2 vs 38.9 ± 9.4 months; 

p < 0.001). 

 

Also, the PH group reached higher mean ISAA scores 

(74.6 ± 12.3 vs 61.2 ± 13.8; p < 0.001) and, at the same 

time, there was a higher occurrence frequency of severe 

ASD in the PH group (31.2% vs 17.3%; p = 0.001). The 

team reported higher neuroinflammatory bio-marker 

levels, meaning they specifically noted IL-6 (18.4 ± 5.2 

vs 11.7 ± 4.8 pg/mL) and TNF-α (14.2 ± 4.6 vs 9.8 ± 3.7 
pg/mL). They also saw lower mitochondrial complex I 

activity (3.8 ± 0.9 vs 5.2 ± 1.1 nmol/min/mg protein), 

and all comparisons were significant (all p < 0.001). 

Finally, within the PH subgroup there were more cases 

linked to intellectual disability (43.3% vs 33.6%; p = 

0.04). 

 

Nested RCT Outcomes 
 

The study used randomization to spread 64 PH children 

across Hyperbaric Oxygen Therapy and Standard 



Int.J.Curr.Microbiol.App.Sci (2026) 15(10): 95-101 

98 

 

Behavioural Therapy, more or less. The groups showed 

kind of similar baseline characteristics per Table 2, as 

expected. The research then used intent-to-treat analysis, 

to look at all HBOT patients who actually received the 

treatment, even when there were some irregularities. The 

researchers found that HBOT treatment produced 

stronger therapeutic effects than the control group, when 

they looked at clinical outcomes and biochemical results 

through their study. The ISAA scores went down, based 

on their tests, with results of -18.3 ± 6.1 and -9.4 ± 5.7 

which reached statistical significance, with a p value 

below 0.001, and an effect size that was 1.52. The HBOT 

group seemed to do better, because 68.8% of participants 

saw an ISAA reduction that went past 15 points while 

only 28.1% of the control group reached that same level 

of improvement, (p = 0.001). HBOT treatment also 

brought a greater IL-6 reduction, and that change was 

statistically different at -7.8 ± 2.4, since it was higher 

than -2.1 ± 1.9 pg/mL (p < 0.001). TNF-α reduction 
showed a similar stat difference of -5.4 ± 2.0, because it 

was higher than -1.6 ± 1.4 pg/mL, (all p < 0.001). 

Researchers also reported better VABS-3 outcomes with 

HBOT, where participants scored higher on the 

evaluation than in the control group (11.2 ± 4.8 vs 5.3 ± 

3.9, p < 0.001), while 65.6% of those receiving HBOT 

were categorized as “much” or “very much improved” on 

the CGI-I assessment, and only 25.0% of those in the 

control treatment reached that level of improvement. 

 

Safety and Tolerability 
 

HBOT proved to be both safe and well-tolerated 

according to its safety and tolerability assessment. The 

study found that 34.4 percent of participants experienced 

ear discomfort which ranged from self- resolving to mild 

and moderate and severe during their treatment sessions, 

while 9.4 percent of participants experienced mild middle 

ear barotrauma which ranged from self-resolving to mild 

and moderate and severe during their transient period. 

The investigation showed no reports of severe adverse 

events together with oxygen toxicity seizures and 

pulmonary complications. 

 

The study examined a group of 428 Indian children with 

autism spectrum disorder who showed two distinct 

biological patterns of perinatal hypoxia. The PH 

subgroup showed earlier developmental concerns from 

their parents at 18.4 months compared to the 23.1 months 

developmental concerns which occurred in children who 

did not experience any hypoxic event. The PH subgroup 

exhibited higher ISAA severity scores at 74.6 compared 

to 61.2 because his condition worsened. The PH group 

showed higher levels of IL-6 and TNF-α and lower 
mitochondrial complex I activity. The research 

establishes a direct connection between perinatal hypoxia 

and the development of neuroinflammation and 

mitochondrial dysfunction which leads to increased ASD 

symptoms. The Indian research together with 

experimental studies and epigenetic studies confirms that 

neonatal hypoxia leads to inflammatory activation and 

mitochondrial impairment and epigenetic changes which 

result in more severe and early onset autism spectrum 

disorders. The nested randomized controlled trial showed 

that Hyperbaric Oxygen Therapy (HBOT) produced both 

clinical and biological advancements. The HBOT group 

achieved superior results in ISAA score reduction with 

their score decrease of −18.3 compared to the −9.4 score 
decrease of the other group. The HBOT group achieved 

better results in reducing IL-6 levels with a decrease of 

−7.8 pg/mL which exceeded the other group decrease of 
−2.1 pg/mL. The HBOT group achieved better results in 
mitochondrial complex I activity with an increase of +1.4 

nmol/min/mg protein which exceeded the +0.3 

nmol/min/mg protein increase of the other group. The 

biological segregation method which uses perinatal 

history as a base allows researchers to discover ASD 

subgroups that will benefit from HBOT according to the 

study which shows strong effect sizes of d = 1.52 for 

ISAA and d = 2.60 for IL-6. 

 

The research results support existing studies while 

providing additional evidence for studies conducted in 

India and other countries. Sharma et al., (2022) and 

Raghunathan et al., (2023) found that Indian trials 

demonstrated positive results which improved ISAA 

scores and showed decreases in oxidative stress and 

inflammatory markers through HBOT treatment. The 

study by Bent et al., (2012) demonstrated that after 80 

HBOT sessions both CGI-I scores and parental 

assessments of behavioral symptoms showed 

improvement. However, Rossignol and Rossignol (2006) 

found improvement in ATEC, CARS and SRS scores, 

particularly in younger children, similar to what was 

noted in the present study. The Cochrane review 

conducted by Xiong et al., (2021) on HBOT for ASD, on 

the other hand, found the evidence to be still inconclusive 

in part since most of the previous studies were not 

biologically sub grouped. The current study aims to 

overcome this methodological limitation by targeting the 

PH-ASD subgroup. 
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Table.1 Baseline Demographic and Clinical Characteristics of the Cohort (N = 428) 

 

Characteristic PH Group (n = 157) NPH Group (n = 271) p-value 

Age at enrolment, years (mean ± SD) 5.2 ± 1.8 5.6 ± 2.0 0.08 

Male sex, n (%) 120 (76.4%) 217 (80.1%) 0.38 

Age of first parental concern, months 18.4 ± 3.7 23.1 ± 4.9 < 0.001 

Age at ASD diagnosis, months 32.6 ± 7.2 38.9 ± 9.4 < 0.001 

ISAA total score (mean ± SD) 74.6 ± 12.3 61.2 ± 13.8 < 0.001 

Serum IL-6, pg/mL (mean ± SD) 18.4 ± 5.2 11.7 ± 4.8 < 0.001 

Serum TNF-α, pg/mL (mean ± SD) 14.2 ± 4.6 9.8 ± 3.7 < 0.001 

Mitochondrial complex I (nmol/min/mg protein) 3.8 ± 0.9 5.2 ± 1.1 < 0.001 

Co-occurring intellectual disability, n (%) 68 (43.3%) 91 (33.6%) 0.04 

Epilepsy, n (%) 22 (14.0%) 29 (10.7%) 0.31 

Note. PH = Perinatal Hypoxia; NPH = No Perinatal Hypoxia; ISAA = Indian Scale for Assessment of Autism; SD = standard 

deviation. 

 

Table.2 Baseline Characteristics of RCT Participants (n = 64) 

 

Variable HBOT Group (n = 32) SBT Control (n = 32) 

Age, years (mean ± SD) 4.9 ± 1.4 5.1 ± 1.5 

Male sex, n (%) 24 (75.0%) 25 (78.1%) 

ISAA total score (mean ± SD) 81.4 ± 10.8 80.9 ± 11.2 

Serum IL-6, pg/mL (mean ± SD) 19.2 ± 5.0 18.8 ± 5.3 

Serum TNF-α, pg/mL (mean ± SD) 14.8 ± 4.4 14.4 ± 4.6 

Mitochondrial complex I (nmol/min/mg protein) 3.7 ± 0.8 3.8 ± 0.9 

VABS-3 composite score (mean ± SD) 58.3 ± 9.4 57.8 ± 9.7 

Note. HBOT = Hyperbaric Oxygen Therapy; SBT = Standard Behavioural Therapy; ISAA = Indian Scale for Assessment of 

Autism; VABS-3 = Vineland Adaptive Behaviour Scales, 3rd Edition. 

 

Table.3 Primary and Secondary Outcome Measures at Week 10 (Intent-to-Treat Analysis) 

 

Outcome HBOT Change 

(mean ± SD) 

SBT Change 

(mean ± SD) 

p-value Cohen’s 

d 

ISAA total score 

(primary) 

−18.3 ± 6.1 −9.4 ± 5.7 < 0.001 1.52 

Serum IL-6, pg/mL 

(primary) 

−7.8 ± 2.4 −2.1 ± 1.9 < 0.001 2.60 

Serum TNF-α, pg/mL −5.4 ± 2.0 −1.6 ± 1.4 < 0.001 2.17 

Mitochondrial complex I 

(nmol/min/mg) 

+1.4 ± 0.6 +0.3 ± 0.4 < 0.001 2.14 

VABS-3 composite score +11.2 ± 4.8 +5.3 ± 3.9 < 0.001 1.35 

CGI-I ‘much/very much 

improved’, n (%) 

21 (65.6%) 8 (25.0%) 0.001 — 

Note. ISAA = Indian Scale for Assessment of Autism; VABS-3 = Vineland Adaptive Behaviour Scales, 3rd Edition; CGI-I = 

Clinical Global Impression – Improvement. Negative values indicate reduction (improvement) for ISAA and inflammatory 

markers; positive values indicate improvement for VABS-3 and mitochondrial activity. 
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In conclusion, the research conducted in India found that 

36.7% of children diagnosed with ASD showed evidence 

of experiencing perinatal hypoxia. The subgroup showed 

more severe clinical symptoms because they developed 

symptoms at an earlier age and displayed higher 

neuroinflammatory biomarker levels and showed 

mitochondrial function impairment. The results 

demonstrate that there exists a specific perinatal 

hypoxia-related autism spectrum disorder phenotype 

which maintains biological consistency throughout. 

Large effect sizes were found for HBOT at 1.5ATA for 

40 sessions in improving the severity of the ASD, 

adaptive behaviour, inflammatory markers, and 

mitochondrial activity, with excellent safety and 

efficacy, compared with standard behavioural therapy 

alone in the nested RCT.  

 

These findings indicate that the effect of HBOT in ASD 

could only be shown by biological stratification based on 

perinatal history. 

 

The findings of the present study support three key 

clinical and research recommendations: including 

structured history-taking around the peripartum period in 

the routine evaluation of children with ASD; targeting 

children with a peripartum history of hypoxia for HBOT 

and further clinical trials; and incorporating the use of 

complementary interventions, such as individualised 

homoeopathic intervention, in multimodal approaches to 

ASD treatment.  

 

A large multicentre RCT, funded by the government, is 

now justified, focusing on the perinatal hypoxia-ASD 

subtype. 
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