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Abstract

Aim: To develop and externally validate a bio-ecological model for early screening
of developmental coordination disorder (DCD) using maternal and environmental
risk factors from electronic health records, aimed at improving early detection in
children under 5years.

Method: This was a prospective study that examined data from 150948 preschool
children in China. Perinatal and sociodemographic predictors were integrated using
logistic regression and random forest algorithms. The model was internally validated
on split training and testing subsets and externally validated on an independent
clinical sample of 1359 children aged 3 to 10years, including confirmed diagnoses
of DCD. Model performance was evaluated using the area under the curve (AUC),
sensitivity, specificity, and accuracy.

Results: In the group aged 3 to 5years, the model achieved an AUC of 0.70, sensi-
tivity of 71.43%, accuracy of 77.61%, and specificity of 78.00%. In the group aged
6 to 10years, performance was moderate (AUC=0.58; sensitivity =54.88%; accu-
racy = 61.50%; specificity = 62.28%).

Interpretation: This bio-ecological model offers a scalable, cost-effective tool to sup-
port the early identification of DCD using electronic health record data. It performs
well in early childhood and maintains moderate accuracy in older children, sup-
porting its utility for longer-term risk prediction. The model could enhance exist-
ing screening systems by enabling earlier triage and intervention. Further validation
across diverse health care settings is warranted.

Developmental coordination disorder (DCD) is a common
and chronic neurodevelopmental condition marked by sig-
nificant motor coordination difficulties that cannot be ex-
plained by intellectual disability, neurological conditions,
or other medical disorders. These motor impairments in-
terfere with daily functioning and academic performance,

and are frequently associated with adverse outcomes in
mental health, self-esteem, social participation, and family
dynamics." DCD commonly persists into adolescence and
adulthood, resulting in long-term functional limitations and
contributing to substantial societal and economic burdens,
particularly within health care and educational systems.”*

Abbreviations: AUC, area under the curve; DCD, developmental coordination disorder; EHR, electronic health record.
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Globally, DCD presents a significant public health challenge,
affecting approximately 5% to 6% of school-age children.'
Prevalence varies across continents, with 4% in Asia, 2%
in Europe, and 6% in North America, depending on the
diagnostic criteria, assessment tools, and cultural context.'
In China, emerging evidence suggests a potentially higher
prevalence, with some regional studies reporting rates be-
tween 7%and 10%." Despite the prevalence of DCD, the
early detection of DCD poses considerable difficulties in
child health care systems: children with DCD often go un-
recognized in the early years because of the subtle onset of
symptoms and marked variability in early motor develop-
ment among young children.” > These factors significantly
impede the timely diagnosis and intervention that are criti-
cal for improving long-term outcomes.

Historically, the aetiology of DCD has been elusive, with
relatively few risk factors consistently identified. However,
recent advancements in research have begun to more effec-
tively clarify the array of risk factors associated with DCD.®
Among these, male sex and preterm birth have emerged as
the most significant predictors,” with males being affected
two to seven times more often than females, and children
born preterm showing double the risk compared to those
born at term."”” Additionally, a range of factors spanning the
prenatal, perinatal, and neonatal stages, and broader envi-
ronmental influences, are also critical.® For instance, inde-
pendent risk factors, such as placenta previa and placental
abruption, have been linked to DCD;® low socioeconomic
status within families has been identified as a contributing
factor to the likelihood of developing DCD.® These findings
support the multifactorial nature of DCD, advocating for a
bio-ecological model that highlights the dynamic interplay
of biological characteristics and nested environmental con-
texts, ranging from immediate family to broader societal
systems.” These dynamic interplays have fostered a hybrid,
multiconstraint understanding of DCD, informing current
clinical practice.” '

Early identification of children at risk for DCD is
crucial to ensure timely intervention and to minimize
the long-term functional and psychosocial impacts. The
current process in most health care systems typically be-
gins with an initial screening phase to identify children
at higher risk of DCD, followed by comprehensive diag-
nostic evaluation by trained professionals. While parent-
reported observations remain a vital and irreplaceable
source of information in developmental screening, their
reliability in large-scale screening contexts can be influ-
enced by factors such as access to standardized tools, dif-
ferences in health literacy, and variation in expectations
around motor development.' Also, co-occurring disorders
such as autism spectrum disorder and attention-deficit/
hyperactivity disorder are common among children with
motor coordination difficulties and can complicate early
recognition. These limitations may result in delays in
recognizing motor coordination difficulties, contribut-
ing to underdiagnosis and unmet needs among affected
children.'™ '* Consequently, DCD remains a widely

What this paper adds

o The bio-ecological framework offers a compre-
hensive approach to developmental coordination
disorder screening.

o Internal and external validation across different
age groups confirms the model's robustness and
applicability.

o Screening accuracy is enhanced in early child-
hood (3-5years) and moderate accuracy is main-
tained in older children (6-10years).

o Predictors that are routinely available in clinical
and community health care records makes the
model practical and accessible for integration into
existing health care systems.

unrecognized condition, that is underdiagnosed and un-
derrepresented in early care systems.13 To support existing
identification systems, there is a need for scalable, data-
driven approaches that can complement behavioural as-
sessments and facilitate earlier identification, particularly
in community or primary care settings.

Despite growing interest in early risk prediction for neu-
rodevelopmental conditions, few studies have developed
population-based risk algorithms specifically for DCD; even
fewer have externally validated these models using routinely
collected health data. This gap limits the scalability and clin-
ical utility of early screening efforts. In response, our study
aimed to develop a population-based, data-driven risk al-
gorithm for DCD that serves as a pre-screening tool to en-
hance the effectiveness and efficiency of the subsequent
screening and diagnostic processes in the existing health care
framework. Grounded in the bio-ecological model® and the
International Classification of Functioning, Disability, and
Health framework'* of DCD, this algorithm uses routinely
collected health and demographic data from electronic health
records to identify children at higher risk of DCD. Unlike
traditional identification approaches that focus on motor per-
formance once concerns arise, our model enables early risk
stratification based on predisposing factors, such as perinatal
complications, family structure, and maternal health, before
motor difficulties are formally recognized or reliably ob-
served, allowing for risk stratification in non-clinical settings,
such as communities, schools, and families. Initially devel-
oped and tested using data from children aged 3 to 5years, the
algorithm's effectiveness and generalizability were further val-
idated through internal and external samples, including clin-
ically diagnosed cases across broader age ranges (3-10years).
This dual-stage validation ensures the algorithm's capability
to detect DCD across several developmental stages and adapt
to potential shifts in risk factor relevance and motor perfor-
mance visibility as children grow. Importantly, this tool is not
intended to replace clinical assessments or caregiver insights,
but to support existing systems by enhancing the efficiency
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and equity of early identification. By prioritizing follow-up for
those most at risk, the model offers a scalable, cost-effective
complement to current screening practices and holds promise
for streamlining diagnostic pathways and improving develop-
mental outcomes.

METHOD

Our methods are based on established medical probability
and recommendations of the ‘Transparent Reporting of a
multivariable prediction model for Individual Prognosis
Or Diagnosis-Artificial Intelligence’ statement,”” and the
guidance provided by the model card framework.'® We de-
veloped the predictive model with a large population-based
sample and validated it independently in two external clini-
cal samples of different age groups.

A summary model card, detailing the intended use, input
features, validation results, and limitations, is provided in
Appendix S1, in line with current recommendations for clin-
ical prediction tools.

Study setting and design

Data from the Chinese National Cohort of Motor
Development was used to develop a risk prediction model for
DCD outcomes in childhood. The Chinese National Cohort
of Motor Development was designed to explore neurode-
velopment and other health outcomes in Chinese preschool
children. Data were collected from April 2018 to December
2019 across 2403 mainstream kindergartens from 551 cities
in China. Participants were recruited using a cluster sam-
pling plan that encompassed all administrative districts in
mainland China. Data were managed centrally and super-
vised using an electronic health record system. Additional
details about the cohort design, sampling procedures, and
data quality management are available in previously pub-
lished studies.'” '® Children aged 3 to 5years in the Chinese
National Cohort of Motor Development study were ran-
domly divided into two subsets: 70% in a training set and
the remaining 30% in a testing set.

For external validation, the model's diagnostic and
prognostic performance was tested using data from chil-
dren aged 3 to 5years, extrapolating to a sample of chil-
dren aged between 6 years and 10years. The validation
process used a nationally representative sample,” achieved
through a stratified sampling approach, which was de-
signed based on the National Census data for stratification
according to geographical region, age, sex, and socioeco-
nomic status. A comprehensive clinical evaluation was
conducted for each participant, including detailed clinical
assessments, to confirm a diagnosis of DCD according to
established clinical criteria.

Ethical approval was obtained from the Ethics Committee
of the Shanghai First Maternity and Infant Hospital (no.
KS18156) and the Institutional Review Board of the National

Key Laboratory of Cognitive Neuroscience and Learning,
Beijing Normal University. Written informed consent was
obtained from the parents. All data collected were kept con-
fidential and only accessible to the registered researchers.

Study participants

The model development phase used a population-based sam-
ple of 150948 children aged 3 to 5 years.® *® The external vali-
dation phase included a total of 1359 children, with 585 aged
3 to 5Syears and 774 aged 6 to 10years. These figures reflect
all eligible participants who met the study's predefined cri-
teria: normal intelligence; no severe visual, hearing, or other
developmental impairments as assessed before kindergarten
(e.g. cerebral palsy); and caregivers able to complete the on-
line questionnaire. No further exclusions were applied.

Assessment and definition of developmental
coordination disorder outcomes

In the generating sample, children's motor coordination
impairment was assessed using the Little Developmental
Coordination Disorder Questionnaire,”® a parent-filled
questionnaire specifically adapted for children aged 3 to
5years and approved to have satisfying validity and reliabil-
ity in the Chinese population.”! Children scoring below the
threshold of 15% on the Little Developmental Coordination
Disorder Questionnaire and who had no reported medical
condition that would exclude them from a diagnosis of DCD,
were classified as having possible DCD.

In the external validation sample, licensed paediatri-
cians or psychologists conducted comprehensive clinical as-
sessments on all the children to make a diagnosis of DCD
according to the criteria of the Diagnostic and Statistical
Manual of Mental Disorders, Fifth Edition. All children di-
agnosed with DCD met these criteria and exhibited scores
below the 15th centile on the Movement Assessment Battery
for Children, Second Edition, which is an established tool
for assessing the motor impairments associated with DCD."
Children with potential comorbid conditions, such as intel-
lectual disability, autism spectrum disorder, or attention-
deficit/hyperactivity disorder, were excluded based on
clinical judgement and developmental history.

Predictor selection

The selection of candidate predictors was guided by both the-
oretical and clinical insights into DCD. All predictors were
identified a priori, guided by the bio-ecological model’ and
the International Classification of Functioning, Disability,
and Health framework of DCD."* These models emphasize
the interplay of biological, individual, and environmental
factors in shaping motor development and were used to en-
sure comprehensive coverage of the relevant risk domains. To
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strengthen clinical relevance, we also drew on findings from
a recent scoping review that synthesized 25years of research
on early-life risk factors for DCD, encompassing sociodemo-
graphic, prenatal, perinatal, and postnatal domains.” Only
variables with strong theoretical justification or prior empir-
ical support were retained. These candidate predictors were
systematically mapped onto the conceptual frameworks to
ensure alignment between model structure and established
risk pathways. Twenty-one variables were selected for inclu-
sion in model development. To reduce the risk of misclassifi-
cation, we also included task-related variables, such as vision
status, handedness, and body mass index (BMI), which may
confound motor assessments by mimicking or masking co-
ordination difficulties (Figure 1; see Table SI for the defini-
tions of variables and reference levels).

Statistical analysis
All the analyses for model development and validation

were conducted in R v4.3.3 (R Foundation for Statistical
Computing, Vienna, Austria).

Model development and feature contribution to
prediction

We developed the model using a regression approach with
backward stepwise selection because of its clinical interpret-
ability and transportability. This was performed using the
step function in R, which iteratively removes the least signifi-
cant predictors based on the Akaike information criterion.

Feature contributions to prediction were quantified
with a random forest algorithm. Factor significance was
measured using mean decrease impurity (Gini impor-
tance), with higher values indicating greater importance in
predicting DCD.

Internal and external validation

For internal validation, a receiver operating characteristic
curve analysis was used on the training set to identify the
area under the curve (AUC) and the optimal cut-off for de-
tecting children at high risk of DCD. The optimal cut-off
was determined using Youden's ] statistic to maximize the

Maternal

* Maternal age at delivery, delivery mode, maternal

complications, maternal smoking behaviour, and

maternal secondhand smoke exposure during

pregnancy

Individual

* Sex, vision condition, handedness, BMI

 Gestational age, birthweight, birth asphyxia,

neonatal hospitalization, and breastfeeding

FIGURE 1 Selection of candidate predictors based on ecological theory and a literature review. Abbreviations: BMI, body mass index; SES,

socioeconomic status.
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model's discriminative ability. The AUC was also assessed in
the testing set for further internal validation.

For external validation, cases diagnosed with DCD were
used to assess the model's performance across different age
subsets. Predictions above the cut-off were classified as pos-
itive (DCD); those below it were classified as negative (typ-
ical development). Classification outcomes were used to
calculate the AUC and were categorized into true and false
positives, and true and false negatives. Metrics such as sensi-
tivity, accuracy, and specificity were reported to evaluate the
model's external validation performance.

RESULTS

For model development, 150948 children aged 3 to 5years
were randomly divided into a training set (n=105664;
47% female) and an internal testing set (n=45284; 47% fe-
male). Two external validation sets were used: external set
1 included 585 children aged 3 to 5years (51% female) and
external set 2 included 774 children aged 6 to 10years (47%
female). The general characteristics of participants in each
data set can be found in Table S2.

Development of the risk prediction algorithm

Seventeen key indicators were identified as the final predic-
tors in the model for the early prediction of DCD, includ-
ing seven family-level (mother with higher education, father
with higher education, employed mother, employed father,
higher family annual income, family structure, and sibling
status) and 10 individual-level (sex, birthweight, gestational
age, maternal exposure to secondhand smoke, neonatal hos-
pitalization, neonatal asphyxia, maternal smoking, BMI, vi-
sion status, and handedness) indicators (Figure 2).

Feature contribution to prediction

The hierarchy of variable importance in predicting possible
DCD using the mean decrease in Gini index can be found in
Figure 3. The top predictors were the child's BMI (mean de-
crease in Gini index=715.67), mother with higher education
(mean decrease in Gini index="709.78), and family structure
(mean decrease in Gini index=631.00). Being underweight,
single-parent family, and low birthweight showed strong
positive predictive relationships with a high risk of DCD.

Internal validation

In the training set, the predictive model discriminated be-
tween possible DCD and typical development, with an AUC
of 0.65 (95% confidence interval [CI] =0.64-0.65, p<0.001),
indicating moderate discrimination. The AUC in the test-
ing set of the model was 0.64 (95% CI=0.64-0.65, p <0.001),

closely aligning with the training set, which suggests good
generalization and consistent model performance with min-
imal overfitting (Figure 4).

External validation

For the group aged 3 to 5years, the model discriminated
between DCD and typical development with an AUC of
0.70 (95% CI=0.61-0.80, p<0.001) (Figure 4), a sensitiv-
ity of 71.43%, accuracy of 77.61%, and specificity of 78.00%
(Table 1), indicating a moderate-to-high performance for
DCD diagnosis.

In the group aged 6 to 10years, the model's AUC was
0.58 (95% CI=0.52-0.64, p<0.01) (Figure 4), sensitivity was
54.88%, accuracy was 61.50%, and specificity was 62.28%
(Table 1), reflecting a moderate but lower performance in
DCD prognosis.

DISCUSSION

This study presents a significant advancement in the early
screening of DCD by developing and externally validating a
screening model that goes beyond the traditional focus on
observable motor performance deficits. Unlike conventional
approaches, our model integrates a broad spectrum of risk
factors, including maternal health conditions and family
environmental variables, which are normally readily avail-
able in health records in many countries, although accessi-
bility may be limited in regions with a less developed digital
health infrastructure. This approach offers significant reduc-
tions in time and resources by minimizing dependence on
performance-based screenings that primarily rely on car-
egiver observations, to accelerate the pathway to diagnosis
and intervention. The robustness of our model is supported
by rigorous internal and external validation processes, which
have demonstrated its high sensitivity and specificity.
Recent advances in understanding the risk factors of
DCD provided a unique opportunity to integrate current
evidence to identify children at higher risk according to
their routine health examination data. It is important to
note that our study was not focused on diagnosing existing
DCD or to discover new risk factors. Instead, we focused on
integrating established perinatal, family, and individual so-
ciodemographic risk factors into a coherent clinical predic-
tion algorithm. The risk factors in our model were selected
based on theoretical frameworks and the previous litera-
ture, and were confirmed using machine learning technol-
ogy. Our model considers both immutable factors, such as
sex and perinatal health factors, and mutable factors like
BMLI, thus providing a comprehensive bio-ecological per-
spective on DCD. The elements used in our model are stan-
dard in clinical and community health records, enabling
easy integration into existing health systems. In prac-
tice, this model helps paediatricians and health workers
identify at-risk children early for prompt screening and
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Predictor OR(95% CI) P
Female sex 1.10 (1.07,1.14) - <0.001
Gestational age

Born preterm 1.25(1.18,1.32) —— <0.001

Born postterm 1.17(1.08,1.26) === <0.001
Birthweight

Low 1.17 (1.08,1.27) il <0.001

High 0.85(0.79,0.92) —— <0.001
BMI

Overweight 0.91 (0.85,0.98) —— 0.002

Obese 0.93(0.83,1.04) —— 0.068

Underweight 1.14 (1.05,1.23) [ S 0.005
Maternal smoking during pregnancy 1.52(1.29,1.78) [ [ ] i <0.001
Secondhand smoking during pregnancy  1.03 (0.99,1.07) - 0.123
Neonatal asphyxia 143(1.29,157) — <0.001
Neonatal hospitalization 1.08 (1.02,1.14) —a— 0.006
Normal eyesight 0.72 (0.68,0.76) - <0.001
Right-handedness 0.70 (0.66,0.74) [ <0.001
Family socioeconomic status

Mother with higher education 0.54(0.51,0.56) <0.001

Father with higher education 0.72 (0.68,0.75) - <0.001

Employed mother 0.93(0.89,0.98) i 0.003

Employed father 0.77 (0.71,0.84) s <0.001

Higher family annual income 0.82(0.80,0.85) . <0.001
Family structure

Extended family 0.92(0.89,0.96) o <0.001

Single-parent family 1.10 (0.99,1.21) o el 0.076
Sibling(s) 0.95(0.92,0.98) = B 0.003

0 0.20 0.40 0.60 0.80 1.00 1.20 140 1.60 1.80 2.00

FIGURE 2  Association between predictors and possible developmental coordination disorder (n=105663). Abbreviations: BMI, body mass index;

CI, confidence interval; OR, odds ratio.

intervention, regardless of clear motor signs. For policy,
it can integrate into routine health checks to proactively
identify risks, ensure fair access to services for high-risk
populations, and optimize resource use.

The application of our predictive model across a diverse
age spectrum is crucial, particularly given the challenges of
screening DCD in its early stages. Those identified by the
model as being at high risk can then be referred to health
care professionals for further clinical diagnosis. Our model
showed substantial predictive accuracy in the group aged 3
to 5years, achieving an AUC of 0.70, sensitivity of 71.43%,

accuracy of 77.61%, and specificity of 78.00%. This efficacy
in early detection underscores the model's capability to iden-
tify potential DCD during a pivotal developmental phase,
when traditional screening methods often prove inadequate.
Furthermore, our model retains its utility in older children
aged 6 to 10years, demonstrating an AUC of 0.58, sensitiv-
ity of 54.88%, accuracy of 61.50%, and specificity of 62.28%.
Despite a slight decline in performance metrics compared
to the younger cohort, these results are still meaningful
and highlight the model's extended applicability across a
broader age range. This is especially significant because the
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BMI: obese

BMI: overweight

BMI: underweight

Mother with higher education
Family sturcture: single-parent family
Family sturcture: extended family
Has sibling(s)

Birthweight: high (>4000g)
Birthweight: low (<2500g)
Secondhand smoking during pregnancy
Female sex

Gestational age: born postterm
Gestational age: born preterm
Neonatal hospitalization
Employed mother

Higher family annual income
Neonatal asphyxia

Employed father
Right-handedness

Father with higher education
Normal eyesight

Maternal smoking during pregnancy

—800 —600 —400

-200 200 400 600 800

(=]

FIGURE 3  Variable importance ranking for predicting developmental coordination disorder: mean decrease in Gini index. Abbreviation: BMI,

body mass index.

manifestations of DCD and the influence of its risk factors
can vary and intensify with age. The model's consistent per-
formance across these critical age groups indicates its ef-
fectiveness in capturing both persistent and emerging risk
factors. This capability is vital for formulating intervention
strategies that are both timely and flexible, adapting to the
evolving needs of growing children. By enabling early risk
identification and intervention, the model provides a proac-
tive approach to managing DCD, potentially enhancing op-
portunities for children to receive timely clinical diagnoses
and interventions. Thus, our model supports a more inclu-
sive and effective approach to early screening and interven-
tion, potentially improving long-term outcomes for children
at risk of DCD.

By prioritizing high specificity, we aim to reduce the bur-
den on health care providers by minimizing false positives.
Importantly, this model is not intended for diagnosis or
labelling but serves as a pre-screening tool to flag children
who may benefit from further developmental assessment. It
is essential to interpret the model's outputs as indicators of
general developmental risk rather than definitive diagnostic
labels. Moreover, the model was not designed to distinguish
DCD from other neurodevelopmental disorders, such as au-
tism spectrum disorder or attention-deficit/hyperactivity
disorder, which frequently co-occur and can share similar
early risk factors and motor profiles. Although our develop-
ment and validation samples excluded children with known

severe neurodevelopmental conditions, the possibility of un-
detected comorbidities cannot be fully ruled out. Children
identified as being at high risk should undergo comprehen-
sive, multidisciplinary evaluation before any clinical deci-
sions are made. We emphasize that the model is intended
as a pre-screening tool to support early triage and does not
substitute professional diagnostic judgement or structured
motor assessments. This is particularly important in health
care systems with limited resources, where inappropriate re-
liance on algorithmic screening could lead to misallocation
of services or unintended parental anxiety.

In addition, we recommend adaptable cut-off points
that can be adjusted based on specific community health
profiles and local health care resources. Although the
model was developed using a Chinese national sample, it
incorporates universally relevant risk factors, such as peri-
natal health and family dynamics. To apply the algorithm
in contexts beyond the initial Chinese cohort, future re-
search should explore the utility of the average effect esti-
mates derived from our model and investigate methods for
tailoring it according to regional data that closely match
the sociodemographic characteristics of our study popu-
lation. This approach ensures that the algorithm remains
robust and applicable across diverse populations, thereby
enhancing its utility in clinical settings worldwide. In
practice, our model enables health care systems to flag
children at increased risk for DCD in their databases,
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FIGURE 4 Receiver operating characteristic curves in each data set. The red dotted box indicates the zoomed high-sensitivity region shown on

the right.

prompting timely diagnostic assessments. Previous stud-
ies indicated that many children with symptoms of DCD
go undiagnosed for considerable periods, with an average
delay of 30 months from initial help-seeking to actual di-
agnosis.”> Early identification through our model could
help to reduce this delay significantly, potentially lowering
the long-term social and economic costs associated with
untreated DCD. Although our model lays a solid ground-
work for risk identification, the real-world impact of early
intervention based on these predictions needs further in-
vestigation. Future studies should focus on validating the
model's effectiveness across diverse health care environ-
ments to ensure its adaptability and efficacy.

By drawing on the bio-ecological model and the
International Classification of Functioning, Disability, and
Health framework, our model captures a wide range of
early-life risk factors, offering a scalable and accessible tool
to support earlier identification in non-clinical settings. Our
findings suggest that such an approach can help address de-
lays in referral and diagnosis, particularly in resource-limited
environments where standardized behavioural assessments
are not routinely available. However, as with all predictive
tools, the use of predictive models in developmental screen-
ing must be approached with caution. In deploying a pre-
dictive model for developmental risk, ethical considerations
must be emphasized. Risk estimates should be communi-
cated carefully to avoid unnecessary anxiety or misinter-
pretation. Importantly, follow-up decisions must continue
to rely on professional clinical diagnosis and judgement.

TABLE 1 External validation of the model performance metrics.

Age group

Aged 3-5years Aged 6-10years
Performance metric (n=585) (n=774)
Performance indicator, %
Sensitivity 71.43 54.88
Accuracy 77.61 61.50
Specificity 78.00 62.28
Prediction outcome, n
True positive 25 45
False positive 121 261
True negative 429 43]
False negative 10 37

The model is designed to support, not replace, existing diag-
nostic pathways and should be interpreted within the broader
developmental and contextual profile of the child. Ensuring
that predictive outputs are used responsibly, particularly in
discussions with caregivers, is essential.

Strengths and limitations

This study has several strengths. First, the use of a bio-
ecological framework, incorporating multiple domains of
risk factors such as maternal health, family environment,
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and perinatal influences, offers a comprehensive approach
to DCD screening. Additionally, the study's rigorous in-
ternal and external validation across different age groups
further confirms the model's robustness and applicability.
Specifically, the model has been tested not only in children
aged 3 to 5years, a critical period when early identification
and intervention can have a substantial impact on develop-
mental outcomes, but also in children aged 6 to 10years. This
allows for broader applicability and demonstrates the model's
capacity to track the consistency and accuracy of risk predic-
tion across a wider developmental spectrum. Moreover, the
inclusion of predictors that are routinely available in clinical
and community health care records, such as maternal health,
family socioeconomic status, and early childhood conditions,
makes the model practical for integration into existing health
care systems. This accessibility facilitates early risk stratifica-
tion without imposing additional burdens on health care pro-
viders or requiring specialized data collection efforts.

While our study provides significant insights into early
detection of DCD using a bio-ecological model, it is not
without limitations. First, although our model incorporates
a range of theoretically and empirically informed risk fac-
tors, there are potential other influential variables; genetic
predisposition, detailed measures of environmental quality,
and early developmental milestones were not available in
our data set. Second, while the model was validated in both
younger (3-5years) and older (6-10years) age groups, its
long-term predictive accuracy and effectiveness in different
health care settings require further exploration. Moreover,
the model was developed and tested within a single national
context; its generalizability to other health care systems,
populations, and cultural settings has yet to be confirmed.
Future research should prioritize external validation in di-
verse international contexts and explore the need for local
recalibration to reflect varying epidemiological patterns,
data infrastructure, and service delivery models.

Conclusions

Our study developed and externally validated a new bio-
ecological predictive model using readily available clinical
record data for early screening of DCD among preschool chil-
dren, leveraging comprehensive risk factors from electronic
health records. This model was validated through rigorous
internal and external assessments, demonstrating high sensi-
tivity and specificity, and offering a cost-effective and time-
efficient solution that could be easily integrated into existing
health care frameworks. While further validation in different
settings is essential, our findings suggest that this model could
transform early DCD identification practices, reducing both
time and financial burdens on health care systems.
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