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Abstract

Introduction The Modified Checklist for Autism in Toddlers, Revised (M-CHAT-R) is widely used for autism spectrum dis-
order (ASD) screening; however, evidence on the Vietnamese version and on scalable risk stratification approaches suitable
for routine preschool settings remains limited.

Purpose This study aimed to evaluate the internal consistency of the Vietnamese M-CHAT-R and to develop machine
learning (ML) models integrating M-CHAT-R—derived features with key obstetric—perinatal predictors to support ASD risk
stratification in preschool-based screening.

Methods This cross-sectional study conducted in Ca Mau province, Vietnam, 3,639 children aged 18-36 months were
screened using the Vietnamese Ministry of Health—issued M-CHAT-R administered. A mobile clinical team performed onsite
DSM-5 evaluations, and the M-CHAT-R/F follow-up was implemented for moderate-risk (scores 3—7) cases.

Results Six ML algorithms, including Random Forest, were trained using a 75/25 train—test split with SMOTE applied to
the training set. Model performance was assessed using accuracy, recall, precision, F1-score, and area under the receiver
operating characteristic curve (AUC). 75 children met DSM-5 criteria for ASD (2.0%); 53.3% were male and 96.0% were
aged 24-36 months. The Vietnamese M-CHAT-R showed good internal consistency (Cronbach’s alpha = 0.863). Random
Forest with SMOTE achieved the best performance (AUC = 0.983; recall = 0.95; precision = 0.351; F1-score = 0.513) using
a refined feature set including M-CHAT-R risk level and a composite biological risk index. High recall with moderate preci-
sion reflects a screening-oriented emphasis on sensitivity.

Conclusions ML- assisted risk stratification may support prioritization for follow-up and specialist assessment in preschool-
based pathways in low- and middle-income countries.
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Introduction

The consequences of ASD are profound, leading to signifi-
cant psychological, social, and economic impairments and
a substantial burden for both families and society at large.
According to the Centers for Disease Control and Preven-
tion (CDC), the current prevalence rate of ASD is estimated
at 3.2% in the United States (Shaw et al., 2025) and a dis-
cernible upward trend observed in recent years (Dietz et
al., 2020), (Autism, Developmental Disabilities Monitoring
Network Surveillance Year Principal, Centers for Disease,
& Prevention, 2007), (Autism, Developmental Disabilities
Monitoring Network Surveillance Year Principal, Centers
for Disease, & Prevention, 2009). Beyond the United States,
global evidence also indicates substantial heterogeneity in
ASD prevalence across regions and study methodologies.
A recent systematic review and meta-analysis estimated a
pooled global prevalence of 0.77% in children, highlighting
wide variability across settings. (Issac et al., 2025)

In Vietnam, nationally representative prevalence esti-
mates are not yet available; existing data primarily come
from regional population-based surveys, with reported
prevalence varying by study setting and methods. (Hoang
et al., 2019; Thi Vui et al., 2021) Data from a system-
atic review and meta-analysis conducted in several Asian
countries, including China, Hong Kong, and Taiwan, also
reported substantial variability in ASD prevalence estimates
across settings and study methodologies (Sun et al., 2013).
An increasing trend in ASD identification has also been
reported in Asia (Qiu et al., 2019). However, this prevalence
is accompanied by significant health, psychological, educa-
tional, and economic burdens, not only for the affected chil-
dren but also for their families and the broader community.
Although no official statistics are currently available for
Vietnam, families of children with ASD are widely reported
to experience substantial economic and social burdens (Ha
etal., 2014).

In Vietnam, diagnostic and intervention services for
children with ASD are provided by healthcare units, edu-
cational institutions, rehabilitation centers, and psycho-
logical counseling services ADDIN EN.CITE (Hoang et
al., 2019), (Nguyen et al., 2021). The commonly used tools
for ASD screening in Vietnam include the M-CHAT as an
initial screener, followed by diagnostic confirmation using
standardized criteria (Thi Vui et al., 2021). Evidence on the
psychometric performance and scalable implementation of
the Vietnamese Ministry of Health—issued M-CHAT-R in
routine preschool workflows remains limited, especially
outside major cities. In addition, diagnostic and interven-
tion services are concentrated in urban centers, while rural
and remote areas often lack specialist capacity for ASD
assessment and care. Strengthening early identification and
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referral pathways for ASD is critical for timely interven-
tion and for informing service planning in under-resourced
settings. Scalable approaches to early ASD risk identifica-
tion may improve children’s long-term developmental out-
comes. In practice, the diagnostic process often requires
comprehensive evaluation by specialists in pediatric neu-
ropsychology or child psychiatry, which poses significant
challenges for implementation at the community level,
especially in remote and underserved areas. In Vietnam, in
particular, awareness and access to child mental health and
neurodevelopmental services remain uneven across regions.
To address these limitations, early screening tools such as
the Modified Checklist for Autism in Toddlers, Revised
with Follow-Up (M-CHAT-R/F)-a widely used instrument
for children aged 16-30 months—have been developed and
validated in multiple countries. However, in Vietnam, there
remains a lack of empirical studies evaluating the reliability
of the Vietnamese version (Thi Van Vo et al., 2025).

The continuous advancement of artificial intelligence
(Al) has significantly contributed to improving healthcare
quality. Among its most impactful applications are ML
models that support risk stratification and decision sup-
port in screening workflows. In the context of ASD, ML
approaches may help prioritize follow-up and specialist
assessment—especially in settings where sustained delivery
of follow-up interviews is constrained by limited healthcare
personnel. We integrated a small set of obstetric—perinatal
predictors because these variables are often routinely docu-
mented around birth and have been consistently associated
with ASD diagnosis in epidemiologic studies, although they
are not sufficient to infer causality. (Wang et al., 2017; Vui
et al., 2023). In real-world preschool programs, the recom-
mended M-CHAT-R/F follow-up interview can be difficult
to deliver consistently because it requires trained person-
nel and additional time. Therefore, we designed the ML
component to provide risk ranking/triage using screening-
stage information, helping prioritize which children should
receive follow-up interviews and specialist assessment first,
rather than replacing clinical diagnosis.

When combined with M-CHAT-R—derived features,
these predictors may improve discrimination in resource-
constrained screening pathways. (Wang et al., 2017; Vui et
al., 2023). Although the M-CHAT-R has been validated and
widely used as a screening tool for toddlers at risk of ASD
in various countries, its performance may be affected by
subjective interpretation from caregivers or other assessors.
This subjectivity may introduce inconsistencies in screen-
ing outcomes, thereby limiting its reliability in large-scale
or community-based applications (Khowaja et al., 2015),
(Wieckowski et al., 2023). Numerous international studies
have shown that ML models, when trained on question-
naire data or medical records, can predict autism risk with
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considerable accuracy, approaching the performance of
clinical assessments (Bone et al., 2016; Pan et al., 2025).

Despite its critical role, there is a lack of studies in Viet-
nam evaluating the predictive performance of ML models
based on M-CHAT-R—derived data and readily available
obstetric—perinatal information to support scalable risk
stratification. This study aims to evaluate the internal con-
sistency of the Vietnamese M-CHAT-R and to develop ML-
based risk stratification models using M-CHAT-R—derived
information together with obstetric—perinatal predictors to
support scalable preschool-based screening.

Methods
Study Population and Design

This cross-sectional study evaluated the internal consistency
of the Vietnamese M-CHAT-R and developed ML models
for ASD risk stratification within a preschool-based screen-
ing pathway among toddlers aged 18-36 months in Ca Mau
province, Vietnam, from January to September 2022 (n =
3,639).

This provincial program was implemented through a
multi-sector collaboration involving Can Tho University
of Medicine and Pharmacy, the Ca Mau Department of
Health, the Ca Mau Department of Education and Training,
and Ca Mau Obstetrics and Pediatrics Hospital to support
coordinated screening, onsite DSM-5 evaluation for the full
screened cohort, and referral pathways.

The study was conducted across 117 preschools and kin-
dergartens in Ca Mau province. These participating insti-
tutions represented all registered preschools/kindergartens
enrolling toddlers aged 18—36 months in the province during
the study period, as listed by the provincial Department of
Education and Training. Eligible participants were children
aged 18-36 months enrolled in participating institutions
whose parent or legal guardian provided written informed
consent. Children with incomplete M-CHAT-R question-
naires or missing key covariate information were excluded.
Key covariates included age, sex, maternal age, and the pre-
specified obstetric—perinatal variables used in the primary
analyses; records missing these fields were excluded from
the analytic dataset. We attempted to include all eligible
toddlers enrolled in participating preschools/kindergartens
during the study period. Because the sampling frame did not
include non-enrolled toddlers, findings (including the pro-
portion classified as ASD in the screened cohort) should be
interpreted as estimates for a preschool-enrolled screened
cohort rather than population-based community prevalence.

Ethical Considerations

This study was conducted in accordance with the Dec-
laration of Helsinki. The study protocol was approved by
the Ethics Committee of Can Tho University of Medicine
and Pharmacy (Approval No. 261/PCT-HPDD; 28 August
2020). Written informed consent was obtained from each
child’s parent or legal guardian prior to participation. Par-
ents/guardians received detailed information about the
study objectives and procedures. Participation was volun-
tary, and parents/guardians could decline or withdraw at any
time without any effect on the child’s access to routine care.

Participant Selection

All toddlers aged 18—36 months enrolled in the 117 partici-
pating preschools/kindergartens during January—September
2022 were invited. Of 3,842 initially identified children,
3,639 were included in the final analytic sample after
excluding records with incomplete M-CHAT-R question-
naires and/or missing key covariate information (Fig. 1).

Screening personnel, training, and Data Collection

Preschool teachers served as the primary screening per-
sonnel and were trained in a standardized protocol prior to
data collection. The research team (pediatricians and child
mental health/psychiatry clinicians from Can Tho Univer-
sity of Medicine and Pharmacy), in collaboration with the
provincial Department of Education and Training, delivered
nine district-level training workshops (one per district) for
participating teachers. Training included core knowledge
on autism spectrum disorder, standardized administration
of the Vietnamese Ministry of Health—issued M-CHAT-R,
item-by-item guidance with worked examples, and prac-
tical case scenarios to improve consistency across sites.
Teachers selected for training were those directly respon-
sible for classrooms with toddlers aged 18—36 months to
ensure regular contact with children and the opportunity
to observe behaviors in daily classroom routines. The pro-
vincial Department of Education and Training coordinated
the list of participating schools and teachers. Each school
designated at least one principal and one staff member to
coordinate screening activities, disseminate study materials,
and oversee adherence to standardized procedures.

The M-CHAT-R was completed by teachers in collabora-
tion with parents/guardians. Because caregiver literacy var-
ies in the study setting, teachers acted as trained facilitators
who explained items using standardized instructions and
recorded responses after combining classroom observation
with caregiver input obtained through direct, face-to-face
discussions. When information was unclear at the time of
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Assessed for eligibility
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Fig. 1 Research flowchart
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screening, it was documented and revisited during onsite
clinical visits.

Information on obstetric and perinatal variables was
collected through structured, face-to-face interviews with
parents/guardians, with verification where feasible using
available child health booklets/records (e.g., birth or neo-
natal documentation). If an item could not be reliably con-
firmed, it was recorded as “unknown/missing” rather than
inferred. During onsite visits, the mobile clinical team
reviewed unclear histories with caregivers and performed
additional verification where possible to minimize misclas-
sification. Children with incomplete M-CHAT-R question-
naires or missing key covariate information required for
main analyses were excluded according to predefined eli-
gibility criteria.

Instrument

The Vietnamese version of the Modified Checklist for
Autism in Toddlers, Revised (M-CHAT-R) used in this
study was standardized and officially issued by the Ministry
of Health of Vietnam in 2021. The M-CHAT-R is a 20-item
screening checklist designed to identify toddlers at ele-
vated likelihood for autism spectrum disorder (ASD). The
M-CHAT-R/F (Modified Checklist for Autism in Toddlers,
Revised with Follow-Up) is the recommended two-stage
screening procedure in which an initial M-CHAT-R screen
is followed by a structured follow-up interview for selected
cases to reduce false positives. Although the M-CHAT-R/F
was originally developed for children aged 16-30 months,
in this provincial preschool screening program it was
applied to toddlers aged 18—36 months, consistent with the
local implementation context.

M-CHAT-R scoring and risk categories.

The M-CHAT-R comprises 20 items. Responses are
scored as follows: a response of “YES” to items 2, 5, and
12, or “NO” to all other items, is scored as 1 (failed item).
The total score ranges from 0 to 20. During data processing
and analysis, M-CHAT-R total scores were categorized into
three risk levels:

(1) Low risk: 0-2 points.
(2) Moderate risk: 3—7 points.
(3) High risk: 8-20 points.

Children with 0-2 points were considered screen negative.
Children with 3—7 points were considered screen positive
(moderate risk) and proceeded to the M-CHAT-R/F follow-
up interview within the project workflow. Children with
8-20 points were considered screen positive (high risk);
consistent with the standard M-CHAT-R/F algorithm, these

children were referred directly for diagnostic evaluation
without requiring the follow-up interview.
M-CHAT-R/F follow-up interview

The M-CHAT-R/F is a structured follow-up interview
administered for moderate-risk screen-positive cases
to clarify at-risk responses. A follow-up result was
classified as:

M-CHAT-R/F positive: the child fails two or more
follow-up items (i.e., total follow-up score > 2).

M-CHAT-R/F negative: the child fails fewer than two
follow-up items (i.e., total follow-up score < 2).

For clarity, throughout this manuscript, “M-CHAT-R” refers
to the initial 20-item checklist and its total score/risk level,
whereas “M-CHAT-R/F” refers specifically to the follow-up
interview outcome (positive vs. negative) when applied.

In this program, the M-CHAT-R/F was used as a work-
flow tool to reduce false positives and support triage for
follow-up and referral; DSM-5—based onsite clinical evalu-
ation served as the reference standard outcome for analyses.

Socio-Demographic Questionnaire

A structured study questionnaire was used to collect
sociodemographic information on the child and family. Col-
lected variables included age, sex, parental age at the time
of birth, occupation, family medical history, socioeconomic
characteristics, and other relevant information. Information
was obtained through face-to-face caregiver interviews.

Procedure

This study was conducted in six main steps: planning and
approvals, pilot testing, training of personnel, preschool-
based screening, diagnostic evaluation, and ML model
development (Fig. 1). The project was implemented in two
phases: a pilot phase and a provincial-wide implementation
phase.

Step 1: Research planning and approvals.

Can Tho University of Medicine and Pharmacy devel-
oped the study plan in collaboration with the Ca Mau
Department of Education and Training, Ca Mau Department
of Health, and Ca Mau Department of Science and Technol-
ogy. Ca Mau Obstetrics and Pediatrics Hospital coordinated
clinical logistics and referral pathways. The Department
of Education and Training issued official communications
to education offices in all nine districts/cities to coordinate
implementation at participating preschools/kindergartens.
This multi-sector structure enabled standardized training,
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data collection, onsite clinical assessment, and linkage to
local services.

Step 2: Implementation of the pilot phase.

The pilot phase was conducted in an initial sample (n =
497) to evaluate feasibility of the screening workflow, refine
training materials, and finalize data collection procedures
prior to province-wide rollout.

Step 3: Training of screening personnel.

Nine district-level training classes were delivered by
the research clinical team (pediatricians and mental health
clinicians). Teachers nominated by each preschool/kinder-
garten specifically those directly responsible for age-eligi-
ble classrooms, received standardized instruction on ASD,
administration and scoring of the Vietnamese Ministry of
Health—issued M-CHAT-R, observation of child behaviors,
and procedures for collecting caregiver input. Standardized
manuals and examples were provided to improve consis-
tency across sites.

Step 4: Provincial-wide screening with the M-CHAT-R
and project workflow for follow-up.

All toddlers aged 18-36 months enrolled in participating
preschools/kindergartens were screened using the M-CHAT-
R. Teachers completed the checklist based on daily obser-
vation and structured discussion with parents/guardians.
Because caregiver literacy varies in the study setting, teach-
ers acted as trained facilitators to explain items using stan-
dardized instructions and record responses. To reduce rater
fatigue and improve data quality, each teacher screened
no more than 10 children per day; teachers received proj-
ect support for time spent on screening activities. Children
with moderate-risk M-CHAT-R scores (3—7) received the
M-CHAT-R/F follow-up interview within the project work-
flow, whereas children with high-risk scores (8-20) were
referred directly for diagnostic evaluation without follow-
up, consistent with the standard M-CHAT-R/F algorithm.
When information was unclear at the time of screening, it
was documented and revisited during onsite clinical visits.
Regardless of screening results, all children in the screened
cohort subsequently underwent onsite DSM-5 evaluation by
the mobile clinical team.

Step 5: Diagnostic evaluation according to DSM-5.

A mobile clinical team (» = 10 clinicians; pediatricians
and mental health/psychiatry clinicians) conducted onsite
clinical evaluations at participating preschools/kinder-
gartens. All screened children in the analytic cohort (n =
3,639) received an onsite DSM-5—based diagnostic evalua-
tion, enabling classification of ASD vs. non-ASD across the
full screened cohort. Diagnostic determination was made
according to DSM-5 criteria based on direct clinical assess-
ment and caregiver interview. During onsite visits, clini-
cians reviewed screening forms, clarified unclear responses
with caregivers, and reviewed obstetric/perinatal histories
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with verification where feasible using available child health
booklets/records. Items that could not be reliably confirmed
were recorded as missing/unknown rather than inferred to
minimize misclassification.

Step 6: Development and evaluation of the machine-
learning models.

The ML target outcome was DSM-5 diagnostic sta-
tus (ASD vs. non-ASD). Candidate predictors included
M-CHAT-R—derived features (e.g., total score and/or risk
category) together with selected obstetric—perinatal vari-
ables available at the time of screening. Data were randomly
split into training (75%) and test (25%) sets. Given the
marked class imbalance (~2% ASD), SMOTE was applied
to the training set only. Six algorithms (Random Forest,
XGBoost, support vector machine, decision tree, Naive
Bayes, and k-nearest neighbors) were trained and evaluated
on the held-out test set using accuracy, recall (sensitivity),
precision (positive predictive value), F1-score, and the area
under the receiver operating characteristic curve (AUC).
The models were developed to support scalable risk strati-
fication in preschool settings—particularly where sustained
delivery of M-CHAT-R/F follow-up interviews by health-
care personnel may be difficult—by prioritizing children for
intensified follow-up and specialist assessment. In addition
to the hold-out evaluation, we generated cohort-level, out-
of-fold predictions using stratified k-fold cross-validation
(with SMOTE applied within each training fold only) to
construct an unbiased confusion matrix for the full screened
cohort. The held-out test set results were used for primary
model comparison (Tables 3 and 5), while out-of-fold pre-
dictions from stratified k-fold cross-validation were used
to summarize cohort-level classification counts for the full
sample (Table 4).

Operational Definitions
Target Variable

The target variable for the ML models was ASD diagnos-
tic status, determined by clinician assessment according to
DSM-5 criteria (1 = ASD; 0 = non-ASD). The “M-CHAT-
R-only” baseline model used the M-CHAT-R total score
(0-20) as the sole predictor; it was trained and evaluated
under the same data split (75/25) and performance metrics
as all other models to ensure fair comparison.

Candidate Predictors

Predictors were defined a priori based on clinical relevance
and availability at screening. Child sex was coded as male/
female. Child age was categorized as 18<24 vs. 24-36
months. Maternal age at delivery was categorized as > 35
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vs. <35 years. Obstetric—perinatal variables were coded
as binary (yes/no): medically assisted delivery, abnormal
labor, preterm birth, perinatal asphyxia, neonatal jaundice,
and neonatal seizures. M-CHAT-R information was repre-
sented as (i) total score (0-20) and/or (ii) categorical risk
level (low 0—2, moderate 3—7, high 8-20). When the follow-
up interview was used in the program workflow, its out-
come (M-CHAT-R/F positive vs. negative) was treated as a
separate screening-stage result and was not assumed to be
equivalent to the M-CHAT-R total score.

Operational Definitions

Operational definitions. Obstetric—perinatal variables were
defined a priori using caregiver report and, where avail-
able, documentation in child health booklets/records. Pre-
term birth was defined as delivery before 37 completed
weeks of gestation. Medically assisted delivery referred to
delivery requiring medical intervention, including opera-
tive vaginal delivery (vacuum/forceps) or cesarean section.
Abnormal labor referred to labor complicated by clinically

Table 1 Characteristics of children (n=3639)

Variables Total Autism Non-autistic  p-value
(n=3639)  (n=75) (n=3564)

Sample size (%) 3639 (100) 75 (2.0) 3564 (98.0)

Sex 0.505

Male 1801 (49.5) 40(53.3) 1761 (49.4)

Female 1838 (50.5) 35(46.7) 1803 (50.6)

Age 0.530

18<24 months 206 (5.7)  3(4.0) 203 (5.7)

24-36 months 3433 (94.3) 72(96.0) 3361 (94.3)

Maternal age 0.161

<35 years 3074 (84.5) 59(78.7) 3015 (84.6)

> 35 years 565 (15.5) 16 (21.3) 549 (15.4)

Medically assisted delivery <0.001

Yes 928 (25.5) 39(52.0) 889 (24.9)

No 2711 (74.5) 36(48.0)  2675(75.1)

Abnormal labor 0.005

Yes 144 (4.0) 12(16.0) 132 (3.7)

No 3495 (96.0) 63 (84.0) 3432 (96.3)

Preterm birth 0.021

Yes 188 (5.2) 11(14.7) 177 (5.0)

No 3451 (94.8) 64 (85.3)  3387(95.0)

Perinatal asphyxia 0.042

Yes 28(0.8) 5(6.7) 23 (0.6)

No 3611(99.2) 70(93.3) 3541(99.4)

Neonatal jaundice 0.556

Yes 145(4.0) 227 143 (4.0)

No 3494 (96.0) 73 (97.3) 3421 (96.0)

Seizure 0.739

Yes 35(1.0) 1(1.3) 34 (1.0)

No 3604 (99.0) 74 (98.7)  3530(99.0)

M-CHAT-R <0.001

Positive 235(6.4) 74(98.7) 161 (4.5)

documented events such as prolonged/obstructed labor, fetal
distress, or need for labor augmentation/assisted delivery, as
reported by caregivers and/or recorded in birth documen-
tation. Perinatal asphyxia was defined as a history of birth
asphyxia requiring resuscitation and/or recorded low Apgar
score at 5 min (when available in records); when documen-
tation was unavailable, caregiver report of “birth asphyxia/
need for resuscitation” was used and otherwise recorded as
unknown/missing.

Statistical Analysis

Categorical variables were presented as frequencies and
percentages. The chi-squared test was used to compare cate-
gorical variables. Statistical analyses and data visualization
were conducted using R software, version 4.4.1 (R Founda-
tion for Statistical Computing, Vienna, Austria). The main R
packages used for model fitting and performance evaluation
included: caret, randomForest, rpart, e1071, recipes, dplyr,
themis, xgboost, klaR, and pROC. A p-value less than 0.05
was considered statistically significant.

Results
Study Characteristics

From January to September 2022, the study included a total
0f 3,639 children aged 18 to 36 months attending preschools
and kindergartens in Ca Mau province. The demographic
characteristics of the study participants are summarized
in Table 1. Using DSM-5 classification as the reference
standard for the full screened cohort, M-CHAT-R screen-
ing positivity (score > 3) showed a sensitivity of 98.67%
(74/75) and a specificity of 95.48% (3403/3564). The posi-
tive predictive value was 31.49% (74/235) and the nega-
tive predictive value was 99.97% (3403/3404), consistent
with a screening strategy prioritizing sensitivity. The study
identified 75 children diagnosed with ASD, accounting for
2.0% of the screened preschool-enrolled cohort. Most chil-
dren were in the 24 - 36-month age group (94.3%), while
5.7% were aged 18<24 months. The gender distribution in
the overall sample was nearly equal, with 49.5% male and
50.5% female. Several factors showed statistically signifi-
cant differences between the ASD and non-ASD groups (p
< 0.05), including medically assisted delivery (52.0% in the
ASD group vs. 24.9% in the non-ASD group), abnormal
labor (16.0% vs. 3.7%), preterm birth (14.7% vs. 5.0%),
and perinatal asphyxia (6.7% vs. 0.6%). Consistent with
these indices, 98.7% of children with ASD screened posi-
tive on the M-CHAT-R compared with 4.5% of children
without ASD (p < 0.001). Other variables, including child’s

@ Springer



Journal of Autism and Developmental Disorders

sex, maternal age, neonatal jaundice, and history of seizure,
did not show statistically significant differences between the
two groups (Table 1).

Within the group of children diagnosed with ASD
(n=75), the majority were aged 24-36 months (96.0%),
and 53.3% were male. A notable 21.3% of the children had
mothers aged 35 years or older. Regarding obstetric factors,
52.0% had medically assisted delivery, 16.0% experienced
abnormal labor, 14.7% were born prematurely, and 6.7%
had a history of perinatal asphyxia. Neonatal jaundice and
a history of seizures were recorded in 2.7% and 1.3% of
cases, respectively. In terms of screening results, 98.7% of
these children had a positive M-CHAT-R screening result,
whereas only 1.3% had a negative result.

In the non-ASD group (n=3,564), 94.3% of the children
were aged 24-36 months, and males constituted 49.4%
of this group. The proportion of mothers aged 35 or older
was 15.4%. Regarding obstetric factors, 24.9% had medi-
cally assisted delivery, 3.7% had abnormal labor, 5.0% were
born prematurely, and 0.6% experienced perinatal asphyxia.
Neonatal jaundice and a history of seizures were reported
in 4.0% and 1.0% of the cases, respectively. The positive
screening rate in this group was only 4.5%, with the major-
ity (95.5%) having a negative result. Screening positivity
was substantially higher among children with ASD than
among those without ASD.

Table 2 Internal consistency of the 20 items of the M-CHAT-R
Item-total statistics (n=497)

Corrected item-total Cronbach’s
correlation alpha if
item deleted
Item 1 0.537 0.856
Item 2 0.409 0.859
Item 3 0.521 0.855
Item 4 0.125 0.870
Item 5 0.164 0.876
Item 6 0.448 0.858
Item 7 0.572 0.854
Item 8 0.714 0.848
Item 9 0.642 0.849
Item 10 0.613 0.852
Item 11 0.630 0.854
Item 12 0.308 0.874
Item 13 0.456 0.859
Item 14 0.646 0.851
Item 15 0.674 0.852
Item 16 0.481 0.856
Item 17 0.728 0.845
Item 18 0.594 0.853
Item 19 0.461 0.857
Item 20 0.167 0.865
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Assessment of the Cronbach’s Alpha of the
M-CHAT-R Scale in Southern Vietham

As part of the project preparation, a pilot phase was con-
ducted in 2021 in Ca Mau City (rn = 497) to assess the
internal consistency of the Vietnamese M-CHAT-R prior
to province-wide implementation. Cronbach’s alpha for
the 20-item M-CHAT-R was 0.863, indicating good inter-
nal consistency. Most items showed acceptable corrected
item-to-total correlations. Item deletion did not materially
change the overall internal consistency, and all 20 items
were retained for the province-wide implementation to pre-
serve content coverage.

Item 12 had the lowest corrected item-to-total correla-
tion (» = 0.308); when removed, Cronbach’s alpha increased
to 0.874, suggesting that Item 12 may contribute less to
internal consistency in this sample. Items 4, 5, and 20 also
showed relatively low corrected item-to-total correlations
(0.125, 0.164, and 0.167, respectively), warranting further
review in future validation work (Table 2).

Machine Learning Model

We developed machine learning (ML) models to support
early ASD risk stratification in young children. Because ASD
cases were rare in the sample (~2%), the dataset was highly
imbalanced; therefore, the Synthetic Minority Oversampling
Technique (SMOTE) was applied to the training set only
prior to model fitting, while the held-out test set remained
unchanged. The full dataset was randomly split into a train-
ing set (n = 2,729; 75%) and a testing set (n = 910; 25%).
Overall, the training set contained 53/75 (70.7%) children
with ASD and the testing set contained 22/75 (29.3%) chil-
dren with ASD. The ML models were trained using predic-
tors available at screening, including demographic variables
(e.g., child age, maternal age), obstetric—perinatal variables,
and caregiver-reported clinical history (e.g., family history
of neurodevelopmental disorders, multiple birth, gestational
complications, neonatal conditions). The M-CHAT-R total
score was treated as a discrete quantitative variable. Model
performance metrics-including accuracy, recall, precision,
Fl-score, and area under the receiver operating character-
istic curve (AUROC)-were computed and compared across
six ML algorithms (Table 3).

Table 3 compares the predictive performance of six ML
algorithms trained with SMOTE on the training set and eval-
uated on the held-out test set. Overall, the top-performing
models achieved high discrimination (AUC 0.97-0.982 for
the best-performing algorithms). We selected the Random
Forest + SMOTE model for subsequent analyses because
it showed strong overall discrimination and offered a stable
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Table 3 Predictive performance of six ML algorithms (SMOTE
applied to training set only)

Model Accuracy Recall Precision Fl-score AUC
Decision Tree + 0.957 1.0 0.319 0.484 0.978
SMOTE

Random Forest  0.964 0.773  0.333 0.466 0.981
+ SMOTE

XGBoost + 0.963 0.864 0.339 0.487 0.982
SMOTE

SVM + SMOTE 0.962 0.636 0.292 0.407 0.97
Naive Bayes +  0.978 0.045 0.25 0.077 0.981
SMOTE

KNN + SMOTE 0.94 0.727 0211 0.327 0.899

Table 4 Confusion matrix based on out-of-fold predictions from strati-
fied k-fold cross-validation (n = 3639)

Predicted: ASD
TP =158
FP=117

Predicted: No ASD
FN=17
TN = 3447

Actual: ASD
Actual: No ASD

Table 5 Incremental value of feature reduction and logic-informed
feature engineering (Random forest framework)

Metric M-CHAT-R- Full Reduced Refined
only model model model model
Precision 0.305 0.333 0.333 0.351
Recall 0.947 0.773 0.864 0.95
F1-score 0.461 0.466 0.481 0.513
AUC 0.955 0.981 0.983 0.983

framework for feature reduction and rule-informed refine-
ment (Table 3).

Table 4 presents the confusion matrix based on out-of-
fold predictions from stratified k-fold cross-validation in the
full analytic cohort. Of 75 children meeting DSM-5 criteria
for ASD, the model correctly identified 58 (true positives)
and missed 17 (false negatives), yielding a recall (sensitiv-
ity) of 0.773. Among 175 children predicted as ASD, 58
were true positives and 117 were false positives, corre-
sponding to a precision (positive predictive value) of 0.333.
Despite this moderate precision-reflecting a higher false-
positive rate typical of screening-oriented workflows—the
model maintained high overall accuracy (0.964) and excel-
lent discrimination (AUC = 0.981), supporting its utility for
prioritizing follow-up and specialist assessment rather than
replacing diagnostic evaluation.

Table 5 summarizes the impact of model simplification
and feature engineering within the Random Forest frame-
work. The full model showed precision = 0.333, recall =
0.773, Fl-score = 0.466, and AUC = 0.981. Reducing pre-
dictors to an 8-variable set improved recall to 0.864 while
maintaining precision at 0.333, with AUC increasing to
0.983 and F1-score to 0.481, indicating that a parsimonious
model preserved (and in this dataset improved) discrimina-
tion. Finally, a refined model incorporating two engineered
predictors-(i) M-CHAT-R risk level (derived from total

score; low/moderate/high) and (ii) a composite biological
risk index derived from preterm birth, perinatal asphyxia,
and medically assisted delivery-further increased recall to
0.95 with a modest gain in precision (0.351) and F1-score
(0.513), while maintaining AUC at 0.983. Together, these
findings suggest that a simpler, logic-informed feature rep-
resentation can enhance sensitivity and support scalable
triage in preschool-based screening pathways, acknowledg-
ing that confirmatory clinical assessment remains essential
given the moderate precision.

Discussion
Principal Findings

This study evaluates the internal consistency of the Viet-
namese M-CHAT-R and the performance of ML models for
ASD risk stratification within a preschool-based screening
pathway in Ca Mau province, Vietnam. In this screened
preschool-enrolled cohort, 2.0% of children met DSM-5
criteria for ASD; this proportion should not be interpreted
as population prevalence. The study revealed a nearly bal-
anced gender distribution among children with ASD, dem-
onstrating a male-to-female ratio of 1.1:1 (53.3% male vs.
46.7% female). The majority of identified cases (96%) fell
within the 24 - 36 month age range. Several obstetric—peri-
natal variables differed between children with and without
ASD (medically assisted delivery, abnormal labor, preterm
birth, and perinatal asphyxia); these should be interpreted as
non-causal correlates rather than causal obstetric—perinatal
predictors.

The Vietnamese M-CHAT-R showed good internal con-
sistency (Cronbach’s alpha = 0.863). Corrected item—total
correlations were generally acceptable; however, Items 4, 5,
and 20 were low and Item 12 was borderline, indicating that
these items may contribute less to internal consistency in
this sample. Deleting Item 12 would increase alpha to 0.874,
but all 20 items were retained to preserve content coverage.
For machine learning, the Random Forest + SMOTE model
achieved strong discrimination (AUC = 0.981) with mod-
erate sensitivity (recall = 0.773) but relatively low preci-
sion (0.333), consistent with a screening-oriented approach
prioritizing case detection. Importantly, the ML models are
intended to support triage/risk ranking in preschool work-
flows (where sustained M-CHAT-R/F follow-up may be dif-
ficult), rather than to replace diagnostic assessment.

Compare With Previous Studies

The proportion of children meeting DSM-5 criteria for
ASD in our screened cohort (2.0%) is comparable to the
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most recent estimates in high-income countries, such as the
United States (2.27%) reported by Maenner (Maenner et al.,
2023). This proportion is also higher than earlier Vietnam-
ese studies, such as that by Le Thi Vui (Thi Vui et al., 2021;
2020), which reported a prevalence of 0.76% using DSM-
IV criteria; this difference may reflect variation in diagnos-
tic criteria (DSM-IV vs. DSM-5), screening/ascertainment
procedures, and study sampling frames. Differences likely
reflect diagnostic criteria, sampling frame, and ascertain-
ment within a structured screening pathway.

Moreover, a meta-analysis showed that 0.77% of chil-
dren globally are diagnosed with ASD (Issac et al., 2025).
This highlights substantial heterogeneity in ASD esti-
mates across settings and methodologies, and suggests that
observed proportions in screened samples may depend on
the screening pathway, diagnostic ascertainment, and ser-
vice availability in each context. The male-to-female ratio
in our ASD cohort was approximately 1.1:1 (53.3% male
vs. 46.7% female). This pattern may vary across studies
due to differences in sampling frames, case ascertainment,
and age distribution. The majority of children in our study
who were diagnosed with ASD were aged 24-36 months,
accounting for 96% of cases. This finding is consistent with
a multi-center study in China involving over 1,500 children
with ASD, which reported a median age at diagnosis of 29
months, with 76.3% of cases falling within this age range
(Long et al., 2022).

Obstetric—perinatal variables that differed between chil-
dren with and without ASD in our cohort included medi-
cally assisted delivery, abnormal labor, preterm birth, and
perinatal asphyxia; these findings should be interpreted as
correlates/predictors rather than causal obstetric—perinatal
predictors, given potential confounding and inter-correla-
tion among perinatal events. Our results are broadly con-
sistent with evidence from Vietnam (Vui et al., 2023) and
pooled analyses reporting associations between adverse
obstetric/perinatal conditions and ASD (Wang et al., 2017).
Prior studies have also reported higher odds of ASD-related
outcomes among children born preterm compared with
full-term peers (Joseph et al., 2017), (Leviton et al., 2018),
(Agrawal et al., 2018). In large population-based data,
Gregory et al. (2013) found that induction or augmentation
of labor was associated with a small but statistically sig-
nificant increase in ASD risk (OR 1.13-1.23), particularly
in male children; proposed mechanisms include altered oxy-
tocin signaling and transient fetal hypoxia during excessive
uterine contractions, although these remain hypotheses and
do not establish causality (Weisman et al., 2012).

In our cohort, abnormal labor and preterm birth were
associated with ASD classification; however, these findings
should be interpreted as correlates rather than evidence of
causality, because perinatal events may co-occur and reflect
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shared underlying pathways or confounding. Biologically
plausible mechanisms have been proposed linking adverse
perinatal conditions to later neurodevelopmental vulnerabil-
ity, including hypoxia—ischemia—related neuroinflamma-
tion and white-matter injury, which may affect myelination
and cortical connectivity (Back, 2015). Preterm birth may
also increase susceptibility to hypoxia—ischemia, inflam-
mation, and oxidative stress during a period of immature
brain development (Back, 2015). In addition, preterm birth
is frequently linked to maternal intrauterine infection and
inflammatory pathways that have been associated with
adverse neurodevelopmental outcomes (Goldenberg et al.,
2000, 2008; Nadeau et al., 2016). From a clinical perspec-
tive, these observations support the importance of regular
neurodevelopmental surveillance in preterm infants during
early childhood to facilitate timely identification and refer-
ral when developmental concerns arise.

Overall, our findings align with prior epidemiologic
evidence, supporting inclusion of a small set of routinely
documented perinatal variables for risk stratification in
resource-constrained screening pathways. Accordingly,
documenting these readily available obstetric—perinatal
variables may help strengthen risk stratification in screening
pathways and guide closer developmental surveillance and
timely referral for children who screen positive or present
with developmental concerns.

In our study, neonatal jaundice and history of seizure
among children with ASD were uncommon (2.7% and
1.3%, respectively) and did not differ significantly from the
non-ASD group (p > 0.05). This contrasts with the study
by Vui et al. (2023), which identified neonatal jaundice and
seizures as statistically significant predictors; differences in
sample characteristics, outcome ascertainment, and opera-
tional definitions of neonatal conditions may partly explain
this inconsistency (Vui et al., 2023).

In this study, the Vietnamese version of the M-CHAT-R
demonstrated a Cronbach’s alpha coefficient of 0.863, and
most items achieved an acceptable threshold for corrected
item—total correlations. These results are consistent with
international trends: the M-CHAT-R/F has been standard-
ized in large, low-risk populations, demonstrating stable
psychometric properties, and its two-step procedure (ques-
tionnaire plus follow-up interview) helps maintain high
sensitivity while improving specificity compared with the
original version ADDIN EN.CITE (Robins et al., 2014). The
M-CHAT-R proved effective in distinguishing children with
a potential risk of ASD from those with typical develop-
ment. This result is consistent with findings from previously
published international studies. A study by Ariffin (2024)
in Malaysia reported a Cronbach’s alpha of 0.906 ADDIN
EN.CITE (Ariffin et al., 2024). Similarly, a study by Coelho-
Medeiros et al. (2019) in Chile reported a Cronbach’s alpha
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of 0.889 ADDIN EN.CITE (Coelho-Medeiros et al., 2019).
A study by Tsai (2019) in Taiwan reported both test-retest
reliability and internal consistency values greater than 0.8
ADDIN EN.CITE (Tsai et al., 2019).

In the item-level analysis, Item 12 (“sensitivity to
noise”), Item 4 (“likes climbing”), and Item 5 (“unusual fin-
ger movements near eyes”) of the Vietnamese version of
the M-CHAT-R showed low item—total correlation coeffi-
cients. The underlying reasons may stem from the content
characteristics, statistical factors, and cultural influences.
In terms of content, Item 12 reflects auditory hypersensi-
tivity- a manifestation of sensory processing disorder com-
monly observed in ASD, but it can be affected by living
environment and exposure to noise. Children in rural areas
or with limited exposure to loud noises may not exhibit
pronounced reactions, leading to variability in responses
when items are interpreted by caregivers and/or teachers
in different home and classroom contexts. Items 4 and 5
involve motor or sensory- motor behaviors, which can also
appear in typically developing children at certain develop-
mental stages, thereby reducing their ability to discriminate
between at-risk and non—at-risk groups. From a statistical
perspective, both Item 12 and Item 5 are reverse-scored in
the M-CHAT-R, which often results in statistical properties
different from other items. In addition, cultural factors play
an important role, as Vietnamese parents may observe and
interpret sensory—motor behaviors differently from those in
Western contexts where the original tool was developed- for
example, the behavior “likes climbing” may sometimes be
regarded as normal activeness rather than a sign of atypical
development. The combination of these factors likely con-
tributed to the lower item—total correlation coefficients of
these three items in our study sample.

The consistency of results across studies from different
countries suggests that this tool has broad applicability in
various regions. This is contingent upon accurate transla-
tion, culturally and linguistically appropriate adaptations,
and implementation by trained personnel. This finding
underscores the potential for a standardized, yet adaptable,
screening method for global use.

The role of the screener is also a critical factor that
warrants careful consideration in future studies. Further
research should aim to evaluate the influence of the indi-
vidual screener on the screening outcomes and to ensure
consistency across different application contexts. This will
help to strengthen the reliability and generalizability of the
screening protocol.

Because Cronbach’s alpha reflects internal consistency
of the 20-item M-CHAT-R questionnaire (not the follow-
up interview), our alpha estimate (0.863) was higher than
that reported in some prior studies, although other work has
observed increases in internal consistency predictorss after

follow-up procedures that clarify ambiguous responses.
Conversely, a number of studies have reported a low Cron-
bach’s alpha for the M-CHAT-R scale, which subsequently
increased after the foll/estimateow-up procedure was imple-
mented. This suggests that the reliability of the M-CHAT-R
can be highly variable and may be influenced by method-
ological factors and the specific population being studied.

A large-scale study in Turkey reported a Cronbach’s
alpha of 0.67 during the initial screening phase, increasing
to 0.82 after the follow-up interview stage (Oner & Munir,
2020). However, the value increased to 0.82 after the fol-
low-up interview stage (M-CHAT-F) ADDIN EN.CITE
(Oner & Munir, 2020). A study by Robins (2014) conducted
on over 16,000 children in the United States reported an ini-
tial Cronbach’s alpha coefficient of 0.63 for the M-CHAT-
R. However, this value increased to 0.79 after a follow-up
assessment, highlighting the crucial role of information ver-
ification in enhancing the measurement’s reliability ADDIN
EN.CITE (Robins et al., 2014).

This demonstrates the crucial role of the follow-up pro-
cedure in clarifying inaccurate or ambiguous answers. This
process, in turn, enhances the internal consistency and over-
all reliability of the measurement scale. This difference may
be attributed to factors such as language variations, study
implementation methods, respondent characteristics, and
the quality of evaluator training. These factors may have
contributed to our study achieving a higher Cronbach’s
alpha score, even without the inclusion of a follow-up step.

Our reliability value falls within the range reported by
regional adaptation studies (o~ 0.86—0.91) and is consistent
with pooled evidence indicating optimal performance of the
M-CHAT-R when the two-step procedure with follow-up
interview is applied. Therefore, we recommend retaining
the original 20-item structure while conducting longitudinal
studies and refining language or cultural examples for cer-
tain sensory—motor items to enhance discriminative capac-
ity while preserving content validity.

Our findings indicate that Random Forest combined with
SMOTE provided the best overall performance among the
evaluated algorithms in this dataset, with high discrimina-
tion and screening-oriented sensitivity. Random Forest +
SMOTE achieved excellent discrimination (AUC 0.981)
with moderate sensitivity (recall 0.773) but modest preci-
sion (0.333), reflecting the expected sensitivity—PPV trade-
off in low-prevalence screening. Our findings are consistent
with the study by Wingfield et al. (2020), as both research
efforts identified the Random Forest model, combined with
the SMOTE technique, as the optimal approach for commu-
nity-based screening of ASD. In the study by Wingfield et al.
(2020), this model achieved an AUC of 0.98 and a recall of
up to 96% (Wingfield et al., 2020). Our findings suggest that
the Random Forest+SMOTE model is an effective solution
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for binary classification problems with imbalanced datasets.
This is particularly relevant in the field of ASD screening
research, where the prevalence of children with ASD con-
stitutes a very small proportion of the overall population.
Despite using different screening tools and input data, the
consistency and high performance across these studies con-
firm that the Random Forest + SMOTE model is a reliable
choice for community-based ASD screening. The selection
of the Random Forest model also allows for an evaluation
of the contribution of each feature. This helps in identify-
ing the strongest predictive factors and lays the groundwork
for streamlining the questionnaire if necessary. In contrast,
Wall (2012) utilized ML to build an alternating decision tree
model based on the ADI-R - The input data for this model
was sourced from the Autism Genetic Research Exchange
archive, which contains data from a repository in Boston..

The alternating decision tree model, which contained
only 7 items, was able to achieve highly accurate diagnos-
tic results. This represents a 93.3% reduction in the num-
ber of items compared to the full ADI-R. The model was
shown to be effective in diagnosing autism in children aged
13 to 48 months, with an impressive accuracy of 99.97%
(Wall et al., 2012). A study by Aldrees et al. (2024) reported
that XGBoost 2.0 was the most effective predictive model.
That model achieved an accuracy of 99.29%, recall of
99%, F1-score of 99%, and an almost perfect AUC ADDIN
EN.CITE (Aldrees et al., 2024). In addition to XGBoost 2.0,
other models such as Support Vector Machine (SVM) and
Logistic Regression also demonstrated high levels of accu-
racy and sensitivity, both exceeding 98%. These differences
may be attributed to variations in study context, sample size,
and feature selection techniques, which can influence model
performance by identifying the most relevant predictors,
reducing noise, and minimizing computational complexity.
This comparison highlights that there is no single best ML
model that can be universally applied to all situations.

The choice of an appropriate model should be based on
the application goals, the nature of the input data, and the
practical implementation requirements of a specific region
or country. In the context of our research, which aimed to
develop a feasible, effective, and easily deployable screen-
ing tool for community use, the Random Forest + SMOTE
model demonstrated a strong balance between accuracy,
sensitivity, and practical applicability.

In our comparison, XGBoost + SMOTE showed slightly
higher recall/F1 (recall 0.864; F1 0.487; AUC 0.982),
whereas Random Forest + SMOTE offered comparable
discrimination (AUC 0.981) with simpler deployment and
greater interpretability. We selected Random Forest because
it provides greater interpretability, requires fewer compu-
tational resources, and is easier to implement in primary
healthcare. These advantages make it particularly suitable
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for community-based ASD screening in Vietnam, ensuring
a balance between accuracy, transparency, and practicality.
Although the precision of our Random Forest + SMOTE
model was relatively low, it still outperformed similar work
such as Pan (2025) ADDIN EN.CITE (Pan et al., 2025).
Moreover, the reduction in the number of variables while
maintaining stable F1-score and AUC values demonstrates
the principle of “simple yet effective,” supporting feasibil-
ity in real-world deployment at the primary care level. By
contrast, the SVM + undersampling model in Pan’s study
yielded a PPV of only 10.5%, highlighting how variations
in population characteristics, model choice, and imbalance-
handling strategies can substantially influence results.
In our study, the use of obstetric—perinatal predictors and
M-CHAT-R scores - while useful - also contributed to some
false positives, as these factors are associated with ASD but
not fully specific. This limitation is expected in screening
contexts, where sensitivity is prioritized over precision.
Consequently, despite its modest precision, the Random
Forest + SMOTE model remains acceptable for our objec-
tive of capturing as many at-risk children as possible in the
community.

The Random Forest model combined with SMOTE was
selected for its high classification performance, achieving
an Fl-score of 0.466 and an AUC of 0.983. After feature
reduction, all key metrics remained stable, demonstrating
that the model preserved both stability and generalizability
despite fewer input variables, consistent with the principle
of simplifying models while maintaining accuracy. The
refined logic-based model, developed from clinically signif-
icant variables supported by pathophysiological evidence,
further improved Recall (0.95-1.00) while maintaining
moderate Precision (0.328-0.351), an Fl-score of 0.488,
and an AUC of approximately 0.98, thereby enhancing the
ability to detect potential ASD cases while balancing true
detection and minimizing false alarms. In community-based
screening, prioritizing high Recall is particularly appropri-
ate for developmental disorders such as ASD, where miss-
ing high-risk children may result in lost opportunities for
early intervention. Although Precision remained moderate,
this limitation is acceptable in initial screening prior to spe-
cialized assessments. Moreover, building the refined model
on clinically meaningful predictors enhances transparency
and interpretability, aligning with current recommendations
that emphasize explainable models in clinical decision sup-
port systems.

The current model is suitable for use as an initial commu-
nity-based screening tool, followed by clinical assessment
and the M-CHAT-R/F interview to reduce false positives.
Multicenter studies with large sample sizes and real-world
implementation evaluations are needed to optimize the
classification threshold, adapt input variables to cultural
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contexts, and enhance positive predictive value before
widespread application.

Implication

Findings from this preschool-based screening cohort under-
score the need to strengthen early ASD screening and diag-
nostic capacity in Vietnam, particularly in under-resourced
settings. Our results highlight the importance of allocating
resources for scalable early screening pathways and timely
diagnostic evaluation, especially in rural and underserved
areas where specialist services are limited. The observed
associations between selected obstetric—perinatal variables
and ASD diagnosis should be interpreted as non-causal pre-
dictors; however, they may be useful for risk stratification to
prioritize follow-up in resource-constrained screening pro-
grams. These findings support integrating early ASD screen-
ing into routine child health services and preschool settings,
with clear referral pathways for confirmatory assessment
when screening is positive. Complementary efforts such as
caregiver education on early developmental warning signs
and standardized follow-up procedures may improve the
effectiveness of screening programs and facilitate earlier
access to intervention. In this context, an ML-assisted tri-
age model that leverages M-CHAT-R results plus routinely
available perinatal information may help prioritize referrals
and optimize use of limited specialist resources.

Further Work

Although this preschool-based cohort supports the internal
consistency of the Vietnamese M-CHAT-R and suggests that
ML-assisted risk stratification may help prioritize follow-
up and referral in resource-constrained settings, additional
evidence is needed before broader implementation. Future
multicenter, prospective studies across urban, rural, and
remote regions of Vietnam should externally validate the
ML models and the screening pathway, reporting calibra-
tion, decision thresholds, and real-world predictive value.
In routine programs where universal diagnostic assessment
is not feasible, these studies should document follow-up
completion and diagnostic attendance and, where feasible,
evaluate a subset of screen-negative children to strengthen
key psychometric estimates (e.g., sensitivity, specificity,
PPV/NPV) for both the two-step M-CHAT-R/F pathway
and the ML-assisted workflow while minimizing partial
verification bias. Finally, implementation research should
assess acceptability, training requirements for teacher-
administered screening, integration with health services,
cost-effectiveness, and the impact of ML-enabled triage on
time-to-diagnosis and access to early intervention.

Strengths and Limitations

This study leveraged a large preschool-based screening
program (n = 3639) to evaluate the internal consistency
of the Vietnamese M-CHAT-R and to test whether ML-
assisted risk stratification can support scalable triage in a
resource-limited setting. Using DSM-5 classification as the
reference outcome within the screened cohort, we observed
the expected screening trade-off: very high sensitivity with
only moderate PPV, underscoring that the tool is intended
to prioritize follow-up rather than replace diagnosis. Within
the Random Forest framework, performance remained
stable after feature reduction, and a logic-informed refine-
ment (M-CHAT-R risk level plus a composite biological
risk index) further increased sensitivity while simplifying
inputs—features that enhance feasibility for community
implementation.

These findings should be interpreted within the study
design: the 2.0% figure reflects a screened, preschool-
enrolled cohort and should not be generalized as popula-
tion prevalence, and obstetric—perinatal variables should
be framed as non-causal correlates rather than independent
causal obstetric—perinatal predictors. External validation
across diverse Vietnamese regions and prospective imple-
mentation studies are needed to assess calibration, decision
thresholds, data quality for perinatal variables, and real-
world impact on referral efficiency and time to diagnosis.

Conclusion

This study shows that the Vietnamese M-CHAT-R has good
internal consistency (Cronbach’s alpha = 0.863), support-
ing its use for community-based early autism screening
in preschool settings. In this screened cohort, ML models
combining M-CHAT-R information with selected obstetric—
perinatal predictors achieved high discrimination (AUC up
to 0.983) and high sensitivity, although precision remained
modest—consistent with a screening-oriented approach pri-
oritizing case detection and follow-up. To our knowledge,
this is the first study in Vietnam to develop and evaluate
an ML-assisted screening risk-stratification model that inte-
grates M-CHAT-R data with obstetric—perinatal variables.
However, the cross-sectional design, single-province set-
ting, and lack of external validation limit generalizability.
Future multicenter studies with prospective implementation
and external validation are needed to assess calibration,
optimize decision thresholds, and confirm real-world utility
for referral and early intervention pathways.
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