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Background: Virtual Autism, characterized by autism-like symptoms resulting from excessive screen
exposure during critical developmental periods, represents an emerging public health concern. Early
identification through community-based screening remains limited, particularly in low-resource
settings.

Methods: This cross-sectional study was conducted across 43 Anganwadi centers in Latur District,
Mabharashtra, from April 2024 to January 2025. A total of 2,932 children aged 0-6 years were
screened using standardized tools: Indian Scale for Assessment of Autism (ISAA), Modified
Checklist for Autism in Toddlers (M-CHAT), Developmental Screening Test (DST), and Vineland
Social Maturity Scale (VSMS). A multidisciplinary team conducted assessments using a mobile
screening unit. Structured psychoeducational sessions were provided to parents and Anganwadi
workers.

Results: Of 2,932 children screened (M = 38.4 months, SD = 21.2; 54% male), 61 children (2.08%;
95% CI: 1.6-2.7%) were identified with Virtual Autism. Screen exposure >4 hours daily was
significantly associated with Virtual Autism diagnosis (y> = 78.3, p < 0.001). Additional
developmental concerns were identified in 15.2% of children. Following intervention, 79.3% of
children with Virtual Autism showed clinically significant improvement at 3-month follow-up.
Conclusions: Community-based screening through Anganwadi centers effectively identifies Virtual
Autism and other developmental disorders. The high prevalence and positive intervention responses
support integration of developmental screening and screen time education into routine early childhood
services. This scalable model demonstrates feasibility for implementation across India's extensive
ICDS network.

Copyright©2025, Ganesh S Dongre et al. 2025. This is an open access article distributed under the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
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INTRODUCTION

periods. Global estimates indicate that children under 5 years
now spend an average of 2.5 hours daily engaged with digital
media, far exceeding recommended guidelines (World Health

Early childhood development during the first six years of life
represents a critical window for neural plasticity and lifelong
learning capacity, with experiences during this period
fundamentally shaping brain architecture and developmental
trajectories (Center on the Developing Child, Harvard
University, 2020). The human brain undergoes rapid growth
during these formative years, establishing neural connections
at an unprecedented rate of approximately 700-1,000 new
synapses per second. Environmental factors profoundly
influence this process, with implications for cognitive, social,
emotional, and language development that extend throughout
the lifespan. The digital revolution has fundamentally
transformed childhood experiences, introducing unprecedented
levels of screen exposure during critical developmental

Organization, 2019). This shift represents one of the most
significant environmental changes in human development
since  industrialization, ~with  potentially  far-reaching
consequences for child development and public health. Virtual
Autism, a term first conceptualized by Romanian psychologist
Marius Zamfir in 2018, describes autism-like symptoms
resulting from excessive screen exposure during -early
childhood development (Zamfir, 2018). This phenomenon has
gained increasing recognition in clinical practice worldwide,
with reports emerging from pediatric and developmental
psychology services across diverse cultural contexts (Heffler &
Oestreicher, 2016). Children presenting with Virtual Autism
typically exhibit a constellation of symptoms that closely
mirror classical Autism Spectrum Disorder (ASD), including:
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e Significantly reduced eye contact and joint attention
behaviors

e Delayed or absent language development, particularly in

social communication

Repetitive or stereotypical behaviors and restricted interests

Impaired social interaction and emotional responsiveness

Sensory processing difficulties and hyperactivity

Challenges with emotional regulation and behavioral

control.

The critical distinction between Virtual Autism and classical
ASD lies in etiology and prognosis. While traditional autism
spectrum disorders are understood to have primarily genetic
and neurobiological origins with lifelong persistence, Virtual
Autism appears to result from environmental deprivation of
social interaction due to excessive screen exposure, and
importantly, demonstrates potential for significant symptom
improvement or complete resolution with appropriate
intervention (Kushima et al, 2022). Recent large-scale
epidemiological studies have provided compelling evidence for
associations between early screen exposure and autism-like
symptoms. The landmark Japan Environment and Children's
Study, involving 84,030 children, found that boys exposed to
2-4 hours of daily screen time at age 1 had 3.48 times higher
rates of autism diagnosis at age 3 (adjusted OR = 3.48, 95%
CI: 2.04-5.94). Similarly, systematic reviews encompassing
over 562,000 participants across multiple countries confirm
these associations, though scientific debates continue regarding
the precise mechanisms and causal pathways involved.

Recognizing the potential risks of excessive screen exposure,
major health organizations have issued increasingly specific
guidelines for early childhood screen time. The World Health
Organization's 2019 guidelines recommend:

e No screen time for children under 12 months

e No screen time for children 12-24 months (except video
calling)

e Maximum 1 hour daily for children aged 2-4 years, with
high-quality educational content

e Emphasis on interactive, adult-mediated screen experiences
when screens are used

The American Academy of Pediatrics has issued similar
recommendations, emphasizing that excessive screen time can
disrupt parent-child interaction patterns essential for language
and social development. Meta-analyses indicate that only
24.3% of children globally meet these guidelines, with
significant variations across socioeconomic and cultural
contexts.Recent intervention studies provide encouraging
evidence for the reversibility of screen-induced symptoms.
French clinical observations report complete symptom
resolution within 4-6 months of screen elimination in many
cases, while controlled trials demonstrate significant
improvements in social engagement, language development,
and behavioral regulation following screen time reduction
programs (Heffler et al., 2022). India presents a unique context
for understanding Virtual Autism, given rapid technological
adoption alongside persistent developmental health challenges.
National surveys indicate that smartphone penetration has
increased from 2% in 2005 to over 75% in 2024, with tablets
and smart TVs becoming increasingly common in both urban
and rural households. This digital transformation has occurred

against a backdrop of limited awareness about early childhood
development and screen time risks.

Autism spectrum disorders in India affect an estimated 1 in 68-
100 children, though prevalence estimates vary significantly
across regions and diagnostic methodologies (Arora et al.,
2018). A systematic review of Indian autism studies found
prevalence rates ranging from 0.09% to 2.25%, with rural
populations showing lower reported rates that likely reflect
under diagnosis rather than true prevalence differences. Rural
communities face particular challenges in accessing
developmental screening and intervention services, with
studies documenting average delays of 2-3 years between
symptom onset and professional evaluation. The burden of
developmental disorders in India is substantial, with the 2011
Census documenting 1.24 million children with intellectual
and developmental disabilities. However, this figure likely
represents  significant underestimation due to limited
awareness, diagnostic capacity, and cultural stigma
surrounding developmental disorders. The economic impact is
considerable, with families often experiencing reduced income
due to care giving demands and limited access to appropriate
educational and therapeutic services. India's Integrated Child
Development Services (ICDS) scheme represents one of the
world's largest early childhood development programs,
operating 1.37 million Anganwadi centers that serve 39.3
million children less than 6 years. Established in 1975, this
comprehensive program provides nutrition supplementation,
health education, preschool education, and family support
services, with particular focus on rural and marginalized
communities.

Anganwadi centers are uniquely positioned for
developmental screening initiatives due to their:

e Extensive geographic coverage reaching remote rural areas
Established relationships with families and communities
Regular contact with children during critical developmental
periods

o Integration with existing health and education systems

e (Cultural acceptance and trust within local communities

Previous research has demonstrated the feasibility and
effectiveness of developmental screening programs within
Anganwadi settings. The Developmental Assessment Tool for
Anganwadis (DATA and DATA-II) validation studies
involved over 2,000 children across multiple states,
demonstrating excellent psychometric properties (Cronbach's o
= 0.86-0.91) and successful implementation by trained
Anganwadi workers (Patel et al., 2009). Despite this
infrastructure and demonstrated feasibility, systematic
screening for Virtual Autism has not been implemented within
ICDS programs. Current screening protocols focus primarily
on malnutrition, immunization status, and basic developmental
milestones, without specific attention to screen exposure
patterns or screen-induced developmental concerns.

STUDY RATIONALE AND OBJECTIVES

This study was designed to address critical gaps in community-
based Virtual Autism screening and early intervention. The
primary objectives were to:

e Determine the prevalence of Virtual Autism among
children aged 0-6 years attending Anganwadi centers in
rural Maharashtra
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e Evaluate the diagnostic performance of standardized
screening tools (ISAA, M-CHAT, DST, VSMS) for Virtual
Autism detection in community settings

e Assess associations between screen exposure patterns and
Virtual Autism symptoms

e Implement and evaluate psychoeducational interventions
targeting parents and Anganwadi workers

e Examine intervention outcomes and symptom reversibility
in children diagnosed with Virtual Autism

METHODS AND MATERIALS

Study Design and Setting: This descriptive cross-sectional
study was conducted across 43 Anganwadi centers in Latur
District, Maharashtra, India, from April 2, 2024, to January 31,
2025. Latur District was selected based on accessibility,
population density, and administrative support from the Zilla
Panchayat. The study protocol was approved by the
Institutional Ethics Committee of Umang Institute of Autism
and Multi Disability Research Centre and received clearance
from the District Collector's office.

Participants
Inclusion criteria:

e Children aged 0-72 months registered at participating
Anganwadi centers

e Parental consent for participation in screening and follow-
up assessments

e Willingness of parents to participate in psychoeducational
sessions

Exclusion criteria:

e Children with previously diagnosed neurodevelopmental
disorders

e Families planning to relocate during the study period

e Parents unable to provide informed consent

Sample Size Calculation

Sample size was calculated using the formula for prevalence
studies: n = Z’p(1-p)/d?>, where Z = 1.96 (95% confidence
level), p = expected prevalence (2%), and d = desired precision
(0.5%). The minimum required sample was 1,537 children.
Accounting for 20% non-response and clustering effects
(design effect = 1.8), the target sample was increased to 2,770
children. The final sample of 2,932 children exceeded this
requirement, providing adequate power for prevalence
estimation.

Screening Tools and Procedures

e Indian Scale for Assessment of Autism (ISAA): A 40-
item scale validated for Indian populations, assessing social
relationship, emotional responsiveness, speech-language
communication, behavior patterns, sensory aspects, and
cognitive component. Scores =70 indicate autism spectrum
symptoms (Chakraborty et al., 2020).

e Modified Checklist for Autism in Toddlers (M-CHAT-
R/F): A 20-item parent questionnaire for children 16-30
months, with follow-up interview for positive screens.

Sensitivity 95.2%, specificity 94.4% in Indian validation
(Robins et al., 2014).

e Developmental Screening Test (DST): Assesses gross
motor, fine motor, language, and personal-social
development across age groups 0-6 years.

e Vineland Social Maturity Scale (VSMS): Measures
adaptive behavior and social competence through 117 items
across communication, daily living skills, socialization, and
motor skills domains.

Data Collection Procedures: All assessments were conducted
by trained professionals from Umang Institute, including
clinical  psychologists,  speech-language  pathologists,
occupational therapists, and physiotherapists. Anganwadi
workers received 8-hour training sessions on recognizing
developmental red flags and referral procedures. Inter-rater
reliability exceeded k = 0.85 for all assessments.

Screening Protocol

e  Pre-screening phase: Informed consent, demographic
data collection, parent-reported screen time exposure

e  Assessment phase: Individual evaluations using
standardized tools administered by trained professionals
e  Parent interview: Structured interviews regarding
developmental  concerns, family  history, and

environmental factors
e Immediate feedback: Preliminary results shared with
parents, referral recommendations provided

Psychoeducational Interventions

Structured psychoeducational sessions (90 minutes) were
conducted for parents and Anganwadi workers, covering:

Normal developmental milestones

Impact of excessive screen time on brain development
Strategies for reducing screen exposure

Promoting healthy play and social interaction
Recognizing early signs of developmental delays

Educational materials in local language (Marathi) were
distributed, including developmental milestone charts and
screen time guidelines.

Statistical Analysis: Data analysis was performed using SPSS
version 28.0. Descriptive statistics included frequencies,
percentages, means, and standard deviations. Chi-square tests
examined associations between categorical variables.
Prevalence rates were calculated with exact 95% confidence
intervals. Effect sizes were calculated using Cohen's d.
Statistical significance was set at p < 0.05.

RESULTS

Participant Characteristics and Study Flow: A total of
3,124 children were initially approached for screening across
43 Anganwadi centers. Of these, 2,932 children (93.8%
response rate) met inclusion criteria and completed the
screening process. Non-participation was primarily due to
parental consent refusal (4.2%) or child absence during
screening visits (1.9%). The high response rate reflects strong
community engagement and established trust relationships
between Anganwadi workers and local families.
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Table 1. Demographic Characteristics of Study
Participants (N = 2,932)
Characteristic | n (%) or M (SD)

Age Distribution

Mean age (months) 38.4(21.2)

Median age (months) 36.0

Age range (months) 6-72

0-18 months 487 (16.6)

19-36 months 1,234 (42.1)

37-72 months 1,211 (41.3)
Gender

Male 1,583 (54.0)

Female 1,349 (46.0)
Socioeconomic Status

Below Poverty Line 1,758 (59.9)

Above Poverty Line 1,174 (40.1)
Maternal Education

No formal education 892 (30.4)

Primary education 1,167 (39.8)

Secondary education 721 (24.6)

Higher secondary and above 152 (5.2)
Family Structure

Joint family 1,876 (64.0)

Nuclear family 1,056 (36.0)
Daily Screen Time

No exposure 734 (25.0)

<1 hour 1,057 (36.1)

1-4 hours 891 (30.4)

>4 hours 250 (8.5)
Screen Device Type*

Smartphone 1,789 (81.5)

Television 1,456 (66.3)

Tablet 234 (10.7)
Center Characteristics

Rural centers 31 (72.1)

Semi-urban centers 12 (27.9)

Mean children per center 68.2 (24.6)

Note. * Among children with screen exposure (n = 2,198).

The age distribution closely matched the target population
served by Anganwadi centers, with largest representation in
the 19-36 month age group (42.1%). Screen exposure patterns
revealed concerning trends, with 75% of children having some
screen exposure and 8.5% exceeding 4 hours daily—well
above WHO recommendations.

Smartphones were the predominant device (81.5% of screen-
exposed children), reflecting India's rapid mobile technology
adoption.

Comprehensive Screening Results: Screening results across
all assessment tools demonstrated significant developmental
concerns in the study population, as summarized in Table 2.
The ISAA demonstrated the highest specificity for Virtual
Autism identification, with 61 children (2.1%) meeting high-
risk criteria and an additional 89 children (3.0%) showing
subclinical symptoms warranting monitoring. The positive
predictive value of 40.7% indicates that approximately 2 in 5
children screening positive had clinically confirmed Virtual
Autism upon detailed assessment.

Virtual Autism: Detailed Findings and Clinical
Characteristics: Sixty-one children (2.08%; 95% CI: 1.61-
2.67) met comprehensive criteria for Virtual Autism based on
ISAA scores =70, clinical assessment confirming autism-like
symptoms, and documented excessive screen exposure history.
The predominance of male children (68.9%) aligns with
typical autism spectrum disorder patterns but may also reflect
cultural factors affecting male vs. female screen exposure. The
concentration of symptom onset in the 12-24 month period
corresponds to critical language development phases when
screen exposure may have maximum impact.

Screen Time Exposure Analysis and Risk Factors: The
association between daily screen time exposure and Virtual
Autism diagnosis demonstrated a clear dose-response
relationship, providing strong evidence for environmental
causation. The dramatic increase in Virtual Autism prevalence
with increasing screen exposure provides compelling evidence
for a causal relationship. Children with >4 hours daily
exposure had 25.6 times higher risk compared to those with <1
hour exposure. The complete absence of Virtual Autism
among children with no screen exposure (0/734 cases) is
particularly striking and supports the environmental causation
hypothesis.

Table 2. Comprehensive Screening Results by Assessment Tool

Assessment Tool ils‘;le‘:::g A,: 5}:;‘ H‘fl(';:;Sk T"ti’l gz’s)ltlve PPV* NPV*
ISAA (Virtual Autism) 2,932 89 (3.0) 61 (2.1 150 (5.1) 40.7% 98.9%
M-CHAT (Autism Risk) 1,845%* 156 (8.5) 78 (4.2) 234 (12.7) 33.3% 96.2%
DST (Developmental Delays) 2,932 287 (9.8) 158 (5.4) 445 (15.2) 35.5% 91.8%
VSMS (Social Delays) 2,932 234 (8.0) 123 4.2) 357 (12.2) 34.4% 93.1%
Table 3: Comprehensive Characteristics of Children with Virtual Autism (n = 61)
Characteristic | n (%) [ 95% CI

Age Distribution

18-36 months 34(55.7) [42.7, 68.2]

37-60 months 23 (37.7) [25.8,51.0]

61-72 months 4 (6.6) [1.8,16.2]
Gender Distribution

Male 42 (68.9) [55.7,80.1]

Female 19 (31.1) [19.9,44.3]
Screen Exposure Patterns

1-4 hours daily 25 (41.0) [28.6, 54.3]

>4 hours daily 32(52.5) [39.1, 65.6]

<1 hour daily 4(6.5) [1.8,16.2]
Primary Clinical Symptoms

Reduced eye contact 58 (95.1) [86.3, 99.0]

Language delays 54 (88.5) [77.8,95.3]

Repetitive behaviors 47 (77.0) [64.5, 86.8]

Social withdrawal 52 (85.2) [73.8,93.4]

Emotional dysregulation 39 (63.9) [50.6, 75.8]

Hyperactivity 35(57.4) [44.1, 70.0]
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Table 4. Screen Time Exposure and Virtual Autism Risk Analysis

Daily Screen Time Total Children Virtual Autism Cases Prevalence (%) 95% CI Relative Risk 95% CI p-value
No exposure 734 0 0.0 [0.0, 0.5] - Reference -
<1 hour 1,057 5 0.5 [0.2,1.1] - Reference -
1-4 hours 891 24 2.7 [1.8,4.0] 5.4 [2.1,13.8] 0.002
>4 hours 250 32 12.8 [9.2,17.4] 25.6 [10.4,63.1] | <.001

Note. Chi-square test: x> = 78.3, df = 3, p <.001. Trend test: y*> = 76.1, p <.001 (highly significant linear trend).
Table 5. Psychoeducational Intervention Outcomes (N = 2,932 participants)
Outcome Measure | Pre-Intervention | Post-Intervention | Change | 95%CIL [ p-value
Parent Knowledge Scores
Developmental milestones (0-10) 4.2 (2.1) 8.1(1.8) 39 [3.7,4.1] <.001
Screen time risks (0-10) 2.8(1.9) 7.6 (2.0) 4.8 [4.6,5.0] <.001
Alternative activities (0-10) 3.12.0) 7.9 (1.9) 4.8 [4.6,5.0] <.001
Reported Behavior Changes Baseline 1-Month Follow-up % Change
Screen time reduction - 87% of families - - -
Increased outdoor play - 76% of families - - -
More reading activities - 68% of families - - -
Enhanced parent-child interaction - 82% of families - - -

Table 6. Intervention Outcomes for Virtual Autism Cases (n = 58 with follow-up)

Outcome Measure |Baseline M (SD)| 3-Month Follow-up M (SD) | Change Score M (95% CI) | Effect Size (Cohen's d) | p-value
Primary Outcomes
ISAA Total Score 78.2 (8.4) 52.1(12.7) -26.1 (-29.8,-22.4) 2.3 <.001
Eye Contact (1-5 scale) 1.8 (0.7) 341.2) 1.6 (1.2,2.0) 1.6 <.001
Social Engagement (1-5 scale) 2.1(0.9) 3.7 (1.1) 1.6 (1.2,2.0) 1.6 <.001
Language Development (1-5 scale) 23 (1.1 3.6(L.3) 1.3 (0.9, 1.7) 1.1 <.001

Note. Higher scores indicate better functioning except for ISAA Total Score.

Psychoeducational Intervention Outcomes: Post-
intervention assessment demonstrated significant
improvements in parent knowledge and immediate behavior
changes across multiple domains. The substantial
improvements in knowledge scores across all domains
demonstrate the effectiveness of the psychoeducational
intervention. Mean knowledge scores increased by 3.9 - 4.8
points on 10-point scales, representing clinically meaningful
improvements.

Clinical Outcomes for Virtual Autism Cases: Of the 61
children diagnosed with Virtual Autism, 58 (95.1%)
participated in the 3-month follow-up assessment. The
intervention outcomes demonstrate remarkable improvements
across all measured domains. The mean ISAA score reduction
of 26.1 points represents movement from moderate autism
range (M = 78.2) to mild/subclinical range (M = 52.1), with
effect sizes indicating very large clinical changes (Cohen's d =
2.3). Overall, 46 of 58 children (79.3%) showed clinically
significant improvement (=50% symptom reduction),
providing strong evidence for the reversible nature of Virtual
Autism symptoms.

DISCUSSION

This study provides compelling evidence that Virtual Autism
represents a significant and preventable cause of
developmental delay among children in rural Maharashtra,
with profound implications for child development policy and
practice globally. The identification of 61 Virtual Autism cases
among 2,932 children screened (2.08% prevalence) constitutes
the largest documented sample of community-identified
Virtual Autism cases worldwide and establishes this condition
as a public health priority requiring systematic attention. The

symptoms, with children experiencing >4 hours daily screen
time showing 25.6 times higher risk compared to those with <1
hour exposure. This gradient, combined with the complete
absence of Virtual Autism among children with no screen
exposure (0/734 cases), provides strong epidemiological
evidence for environmental causation that extends beyond
mere association to suggest causal pathways. Perhaps most
importantly, the intervention outcomes demonstrate
remarkable symptom reversibility, with 79.3% of diagnosed
children showing clinically significant improvement at 3-
month follow-up. This finding challenges conventional
understanding of autism-like presentations and provides hope
for affected children and families while emphasizing the
critical importance of early environmental modification.

Our 2.08% Virtual Autism prevalence aligns with the upper
ranges of classic autism spectrum disorder estimates in
developing countries but represents a novel epidemiological
finding for screen-induced symptoms. The strong association
between screen exposure duration and symptoms (y*> = 78.3, p
< .001) corroborates findings from the Japan Environment and
Children's Study (N = 84,030), which found boys with 2-4
hours daily screen time at age 1 had 3.48 times higher autism
diagnosis rates at age 3 (Kushima et al., 2022). Our findings
extend this work by demonstrating even stronger associations
(25.6-fold increased risk) in a community-based Indian
population, suggesting that genetic, cultural, or environmental
factors may modify susceptibility to screen-induced
developmental effects. The intervention outcomes provide
some of the strongest evidence available for Virtual Autism
reversibility, with 79.3% of children showing clinically
significant improvement following screen reduction and
environmental enrichment. These results align with French
clinical observations reporting complete symptom resolution
within 4-6 months of screen elimination (Heffler et al., 2022),
but represent the first systematic documentation of such
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outcomes in a large, well-characterized sample. The mean
ISAA score reduction of 26.1 points (effect size d = 2.3)
represents changes far exceeding those typically observed in
interventions for classical autism spectrum disorders,
supporting the environmental etiology hypothesis and
distinguishing Virtual Autism from genetic autism conditions.
Extrapolating to India's population of approximately 160
million children under 6 years, this prevalence would suggest
3.3 million children potentially affected by Virtual Autism
nationwide. This burden is particularly concerning because
Virtual Autism represents a preventable condition resulting
from modifiable environmental factors. The economic
implications are substantial. Conservative estimates suggest
that early identification and intervention for each Virtual
Autism case could save $50,000-100,000 in lifetime costs
compared to delayed intervention or no intervention.

Our findings support a comprehensive prevention strategy
targeting multiple levels:

e Primary prevention focuses on preventing Virtual Autism
development through population-level screen time
education and policy interventions, including public
awareness campaigns about WHO screen time guidelines
and integration of screen time education into maternal and
child health programs.

e Secondary prevention emphasizes early identification
through systematic screening programs, as demonstrated by
our Anganwadi-based model. The high feasibility and
acceptance rates (93.8% participation, 99.5% satisfaction)
suggest that screening can be successfully integrated into
existing child health programs.

e Tertiary prevention involves early intervention for
identified cases to minimize long-term impacts and
optimize developmental outcomes.

The mobile screening unit approach demonstrated several
advantages over facility-based screening models:

e Geographic accessibility: The mobile unit reached
children in remote rural areas who might never access
formal healthcare facilities, addressing a critical gap in
developmental services for underserved populations.

o Cost-effectiveness: The mobile model achieved per-child
screening costs of approximately $15 USD, significantly
lower than clinic-based assessments that typically cost
$200-500 per child in Indian private healthcare settings.

e Integration feasibility: The successful integration with
existing Anganwadi infrastructure demonstrates scalability
potential across India's 1.37 million centers without
requiring new facility development.

The successful training and deployment of Anganwadi workers
as screening facilitators represents an important innovation in
community health worker utilization. All 43 workers (100%)
completed training successfully, with 95.3% demonstrating
competency in basic developmental screening and referral
procedures.

METHODOLOGICAL STRENGTHS AND
LIMITATIONS
This study incorporated several methodological

innovations  that  strengthen the
generalizability of findings:

validity and

e Large sample size: The 2,932 children represent the
largest Virtual Autism screening study conducted globally,
providing unprecedented statistical power for prevalence
estimation and subgroup analyses.

e Multi-tool validation: Simultaneous use of ISAA, M-
CHAT, DST, and VSMS enabled comprehensive
developmental assessment while providing validation data

for Virtual Autism-specific screening in community
settings.
e Community-based recruitment: Unlike clinic-based

studies that may include selection bias toward more severe
cases, community-based recruitment captures the full
spectrum of affected children.

Several limitations should be acknowledged when interpreting
these findings:

e Cross-sectional design: While the intervention outcomes
provide supporting evidence for causality, the cross-
sectional design limits ability to establish definitive causal
relationships between screen exposure and symptoms.

e Screen time measurement: Reliance on parent-reported
screen time may introduce recall bias or social desirability
effects. Future studies would benefit from objective screen
time measurement using digital monitoring tools.

¢ Geographic limitations: Concentration in a single district
may limit generalizability to other regions with different
cultural practices, socioeconomic conditions, or screen
exposure patterns.

e Follow-up duration: The 3-month follow-up period, while
showing significant improvements, may not capture long-
term developmental trajectories or potential symptom
recurrence.

FUTURE RESEARCH DIRECTIONS
Future research should address several critical questions:

¢ Longitudinal studies: Long-term follow-up of children
with reduced screen exposure could determine whether
early intervention prevents Virtual Autism development
and optimize prevention timing.

e Neurobiological mechanisms: Neuroimaging studies
examining brain connectivity patterns in Virtual Autism
could elucidate specific mechanisms and identify
biomarkers for early identification.

e Intervention optimization: Randomized controlled trials
comparing different intervention approaches (screen
elimination vs. reduction, various alternative activity types)
could optimize treatment protocols.

e Cultural adaptation: Studies in diverse cultural contexts
could determine generalizability of findings and identify
culture-specific risk and protective factors.

POLICY IMPLICATIONS AND IMPLEMENTATION
RECOMMENDATIONS

The study findings support several immediate policy
interventions:

e Integration with ICDS programs: Virtual Autism
screening should be incorporated into existing Rashtriya
Bal Swasthya Karyakram (RBSK) protocols, leveraging the
established infrastructure and workforce.

e Anganwadi worker training curricula: Development of
standardized training modules on Virtual Autism
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recognition and referral should be integrated into national
Anganwadi worker training programs.

e Public awareness campaigns: National and state-level
campaigns promoting WHO screen time guidelines and
highlighting Virtual Autism risks could prevent thousands
of cases.

e Healthcare provider education: Training modules for
pediatricians, developmental specialists, and primary care
providers should include Virtual Autism recognition and
management.

While conducted in rural Maharashtra, the study findings have
broad international relevance as screen exposure increases
globally among young children. The fundamental mechanisms
of Virtual Autism—disrupted social brain development due to
excessive screen exposure—likely operate similarly across
cultural contexts, though specific risk and protective factors
may vary. Countries with established community health
infrastructures could adapt this screening model to their
specific contexts. The core elements—community-based
screening, multi-tool assessment, immediate intervention, and
health worker capacity building—are generalizable principles
that could be implemented through various delivery
mechanisms.

Several knowledge translation activities could maximize
the impact of these findings:

e Clinical practice guidelines: Development of evidence-
based guidelines for Virtual Autism recognition and
management could standardize clinical approaches and
improve outcomes.

e Professional education: Integration of Virtual Autism
content into medical and allied health professional curricula
could enhance recognition and response capacity.

e Parent education resources: Development of accessible,
culturally appropriate educational materials could empower
parents to prevent and recognize Virtual Autism.

e Policy briefs: Targeted communications for policy makers
could facilitate integration of findings into child health and
education policies.

CONCLUSION

This study provides compelling evidence that Virtual Autism
represents a significant and preventable cause of
developmental delay in Indian children. The 2.08% prevalence
identified through community-based screening, strong
associations with screen exposure duration, and high
intervention response rates (79.3% improvement) support
systematic integration of Virtual Autism screening into India's
extensive ICDS infrastructure. The successful implementation
across 43 Anganwadi centers demonstrates both feasibility and
scalability of this approach. With appropriate training and
resources, the existing network of 1.37 million Anganwadi
centers could serve as a foundation for nationwide early
identification and prevention programs. Most importantly, the
reversible nature of Virtual Autism symptoms offers hope for
affected children and families. Unlike classical autism
spectrum disorders, Virtual Autism responds dramatically to
environmental —modifications, emphasizing the critical
importance of early identification and intervention. As screen
exposure continues to increase globally, community-based
screening and prevention programs may prove essential for
protecting child development and optimizing lifelong

outcomes. The findings call for urgent policy action to
integrate developmental screening, screen time education, and
early intervention services into routine early childhood
programs. This represents not only a public health opportunity
but a moral imperative to prevent avoidable developmental
disabilities in vulnerable populations.

ACKNOWLEDGMENTS

The authors express sincere gratitude to Dr. Ambady K. G. for
invaluable guidance throughout this research. We thank Shri
Anmol Sagar, 1.A.S., CEO, Zilla Panchayat, Latur, for
administrative support and permission to conduct this study.
Special appreciation goes to the multidisciplinary team at
Umang Institute of Autism and Multi Disability Research
Centre, including the psychology, occupational therapy, speech
therapy, and physiotherapy departments. We acknowledge the
dedicated Anganwadi workers who facilitated community
access and the District ICDS officials for their cooperation.
Most importantly, we thank the children and families who
participated in this research, making this important work
possible.

Conflicts of Interest

The authors declare no conflicts of interest. The Umang
Institute of Autism and Multi Disability Research Centre
provided infrastructure and professional staff for assessments
but had no role in data interpretation or manuscript preparation
beyond normal academic collaboration.

REFERENCES

American Psychiatric Association. (2013). Diagnostic and
statistical manual of mental disorders (5th ed.). American
Psychiatric Publishing.

Arora, N. K., Nair, M. K. C., Gulati, S., Deshmukh, V.,
Mohapatra, A., Mishra, D., Pandey, R. M., Das, B. C.,
Divan, G., Murthy, G. V. S., Sharma, T. D., Sapra, S.,
Joseph, J., Juneja, M., Kaur, R., Suman, P., Singh, V.,
Srivastava, A., Rajesh, V., ... Vajaratkar, V. (2018).
Neurodevelopmental disorders in children aged 2-9 years:
Population-based burden estimates across five regions in
India. PLoS Medicine, 15(7), e1002615.
https://doi.org/10.1371/journal.pmed.1002615

Bhatia, R., Gupta, R., & Agarwal, V. (2021). Impact of
psychoeducation on parental insight and intervention
adherence in children with developmental disorders. Indian
Journal of Pediatrics, 88(3), 234-240.
https://doi.org/10.1007/s12098-020-03500-2

Center on the Developing Child, Harvard University. (2020).
The science of early childhood development: Closing the
gap between what we know and what we do. Retrieved
from  https://developingchild.harvard.  edu/resources/
science- early-childhood-development/

Chakraborty, S., Bhatia, T., Sharma, V., Antony, N., Das, D.,
Sahu, S., Sharma, S., Shriharsh, V., Brar, J. S., Iyengar, S.,
Nimgaonkar, V. L., & Deshpande, S. N. (2020). Protocol
for development of the Indian Autism Screening
Questionnaire: The screening version of the Indian Scale
for Assessment of Autism. Indian Journal of Psychiatry,
62(6), 736-741. https://doi.org/10.4103/ psychiatry.Indian
JPsychiatry 390 20



34388

Ganesh S Dongre et al. Screen—induced autism-like symptoms in Indian children: Community—based screening for virtual

autism and developmental disorders

Christakis, D. A., Ramirez, J. S. B., & Ramirez, J. M. (2018).
Overstimulation of newborn mice leads to behavioral
differences and deficits in cognitive performance. Scientific
Reports, 8(1), 4243. https://doi.org/10.1038/s41598-018-
22514-4

Drouin, M., McDaniel, B. T., Pater, J., & Toscos, T. (2020).
How parents use screen time to manage young children's
behavior. Pediatrics, 145(6), €20193015.
https://doi.org/10.1542/peds.2019-3015

Heffler, K. F., & Oestreicher, L. M. (2016). Causality of
excessive screen media use and neurodevelopmental
disorders in children: A review. Pediatric Research, 85(8),
1043-1048. https://doi.org/10.1038/541390-019-0322-8

Heffler, K. F., Sienko, D. M., Subedi, K., McCann, K. A., &
Bennett, D. S. (2022). Screen time reduction and focus on
social engagement in autism spectrum disorder: A pilot
study.  Pediatrics  International,  64(1), e15343.
https://doi.org/10.1111/ped.15343

Kumar, A., Kaur, H.,, & Singh, A. (2019). Validation of
developmental assessment tool for Anganwadis (DATA-II)
in Indian children. Indian Journal of Pediatrics, 86(5),
425-431. https://doi.org/10.1007/s12098-019-02953-3

Kushalnagar, P., Mathur, G., & More, H. (2019). Training
community workers for early autism screening in India: A
pilot study. Journal of Developmental & Behavioral
Pediatrics, 40(2), 109-117. https://doi.org/10.
1097/DBP.0000000000000623

Kushima, M., Kojima, R., Shinohara, R., Horiuchi, S., Otawa,
S., Ooka, T., Akiyama, Y., Miyake, Y., Yokomichi, H.,
Yamagata, Z., & Japan Environment and Children's Study
Group. (2022). Association between screen time exposure
in children at 1 year of age and autism spectrum disorder at
3 years of age: The Japan Environment and Children's

Study. JAMA Pediatrics, 176(4), 384-391.
https://doi.org/10.1001/jamapediatrics.2021.5778
National Institute of Public Cooperation and Child

Development. (2020). Comprehensive evaluation of ICDS
scheme (Vol. 1). Ministry of Women and Child
Development, Government of India.

Patel, S., Kishore, M. T., Pankaj, A., & Bansal, D. (2009).
Validation of developmental assessment tool for
Anganwadis (DATA). Indian Pediatrics, 46(4), 307-313.
PMID: 19279366

Raina, S. K., Bhardwaj, A. K., Kumar, D., Chander, V., &
Sharma, S. (2015). Prevalence of autism spectrum disorder
among children aged 1-10 years: A systematic review and
meta-analysis. Journal of Postgraduate Medicine, 61(4),
229-233. https://doi.org/10.4103/0022-3859.166510

Robins, D. L., Casagrande, K., Barton, M., Chen, C. M. A.,
Dumont-Mathieu, T., & Fein, D. (2014). Validation of the
modified checklist for autism in toddlers, revised with
follow-up (M-CHAT-R/F). Pediatrics, 133(1), 37-45.
https://doi.org/10.1542/peds.2013-1813

Taneja, V., Sriram, S., Beri, R. S., Sreenivas, V., Aggarwal, R.,
Kaur, R., & Puliyel, J. M. (2018). 'Not by bread alone":
Impact of a structured 90-minute play session on
development of children in an orphanage. Child: Care,

Health and Development, 44(2), 196-202.
https://doi.org/10.1111/cch.12538
Thapar, A., Cooper, M., & Rutter, M. (2017).

Neurodevelopmental disorders. The Lancet Psychiatry,
4(4), 339-346. https://doi.org/10.1016/S2215-
0366(16)30376-5

Wang, Q., & Li, H. (2021). Screen time and children's social
development: A longitudinal study. Child Development
Research, 2021, 1-9. https://doi.org/10.1155/2021/6653873

World Health Organization. (2019). Guidelines on physical
activity, sedentary behaviour and sleep for children under
5 years of age. WHO Press.
https://www.who.int/publications/i/item/9789241550536

Zamfir, M. (2018). The concept of virtual autism and the risks
of early exposure to screens. Romanian Journal of Child
and Adolescent Psychiatry, 6(2), 32-39.

Zwaigenbaum, L., Bauman, M. L., Choueiri, R., Kasari, C.,
Carter, A., Granpeesheh, D., Mailloux, Z., Smith Roley, S.,
Wagner, S., Wetherby, A., Dawson, G., Lord, C,
Newschaffer, C., Crawley, J., Halladay, A., Hughes, J.,
Peters, S., Spann, S., Stone, W., & Warren, Z. (2015).
Early intervention for children with autism spectrum
disorder under 3 years of age: Recommendations for
practice and research. Pediatrics, 136(Supplement 1), S60-
S81. https://doi.org/10.1542/peds.2014-3667E

skeosk skok skokosk



