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Abstract

Background: Global Developmental Delay (GDD) affects cognitive, language, motor, and
adaptive functions in children under five years and is often a precursor to long-term neurode-
velopmental disorders including intellectual disability and autism spectrum disorder. Early in-
tervention can improve developmental outcomes, yet evidence regarding its effectiveness, espe-
cially in low-resource and diverse clinical settings, remains fragmented. To synthesize available
evidence on the effectiveness of early intervention programs for children aged 0—6 years with
GDD, and to identify intervention types, outcomes, and gaps in current research. Materials and
Methods: A systematic review following PRISMA 2020 guidelines was conducted. PubMed,
Web of Science, Scopus, and ClinicalTrials.gov were searched up to October 14, 2025, us-
ing predefined search terms. Eligible studies included children aged 0—6 years diagnosed with
GDD or nonspecific developmental delay and involved an early intervention program assessing
developmental outcomes. Data extraction and quality appraisal were performed using Joanna
Briggs Institute (JBI) tools. Narrative synthesis was used due to heterogeneity across studies.
Results: Six studies involving a total of 689 participants were included. Interventions varied
widely, including multidisciplinary rehabilitation, parent-mediated programs, community-based
approaches, and combined medical-therapeutic methods. All studies reported improvements in
at least one developmental domain (motor, language, cognitive, or social), with greater gains
observed when interventions were initiated early (<6 months) and sustained over longer du-
rations. Parent-mediated and community-based models were feasible and effective in low-re-
source settings. However, no randomized controlled trials were identified, and most studies
showed moderate to high risk of bias. Certainty of evidence was rated low to very low using
GRADE. Conclusion: Early intervention programs demonstrate consistent benefits for children
with GDD across settings, particularly when initiated early and involving caregivers. However,
the current evidence base is limited by methodological weaknesses and lack of standardized
outcome measures. High-quality randomized trials and long-term follow-up studies are urgently
needed to inform best practices and policy implementation.
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Introduction

arly childhood developmental delays

(ECDDs) include a spectrum of condi-
tions where a child’s cognitive, motor, social,
or language development lags behind typical
milestones, influenced by genetic, environ-
mental, and socioeconomic factors [1, 2].
Global developmental delay (GDD) is a con-
dition marked by significant delays in two or
more developmental areas—such as language,
motor, cognitive, or social skills, before age
five [3]. Causes are diverse and include genet-
ic factors, metabolic disorders, and environ-
mental influences [4]. Early evaluation with
genetic testing, hearing and vision screen-
ing, and metabolic assessment is essential to
identify treatable conditions and guide inter-
vention [3]. Many children with GDD later
develop intellectual disability and frequently
show comorbid autism spectrum disorder,
especially when language delays are severe
[5]. Early, multidisciplinary intervention can
improve long-term functional outcomes [6].
These delays, potentially stemming from con-
ditions like autism spectrum disorder (ASD)
or environmental issues such as prenatal tox-
in exposure and poverty, significantly impact
long-term cognitive, emotional, and social
outcomes [2, 7, 8].
Early detection through tools like the Ages and
Stages Questionnaires (ASQ) and Modified
Checklist for Autism in Toddlers (M-CHAT)
is critical, as timely interventions can miti-
gate developmental challenges and promote
equitable opportunities [9-11]. The hetero-
geneity in diagnostic approaches, varying by
geography and healthcare systems is evident
in literature. But there are widely accepted
precise methods like the Bayley Scales of In-
fant and Toddler Development (Bayley-III)
and Autism Diagnostic Observation Schedule
(ADOS-2), which offer high sensitivity for
early identification [12-14]. The brain’s rap-
id growth in the first five years is the reason
for the urgency of early intervention to opti-
mize developmental trajectories and reduce
long-term issues like academic underachieve-
ment and social difficulties [15, 16]. Based
on early diagnosis, proper interventions can
be applied. Interventions for ECDDs, in-
cluding Applied Behavior Analysis (ABA),
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speech-language therapy, and Early Child-
hood Education (ECE) programs, are most
effective when intensive and initiated before
age three, significantly improving cognition,
language, and social skills [17-19]. ABA,
widely used for ASD, enhances communi-
cation and academic functioning, while the
Early Start Denver Model (ESDM) integrates
play-based strategies for social and cogni-
tive gains [20-22]. Speech-language therapy
addresses communication delays, reducing
frustration and fostering social relationships,
and occupational therapy supports motor skill
development for daily activities [23, 24]. ECE
programs, such as Head Start, provide struc-
tured environments that boost cognitive and
language development, particularly for disad-
vantaged children [25, 26]. Multidisciplinary
and parent-mediated interventions further
enhance outcomes by tailoring treatments to
individual needs, aligning with guidelines
from the American Academy of Child and
Adolescent Psychiatry for personalized, early
approaches [27-29]. In case of GDD, there
is limited synthesis of evidence specifically
examining the effectiveness of early interven-
tion programs for young children with GDD,
especially within diverse clinical, community,
and low-resource settings where implementa-
tion barriers are greatest. Therefore, this study
is essential to systematically evaluate existing
intervention approaches, identify evidence
gaps, and guide policy and practice toward
equitable, early developmental support for at-
risk children.

Materials and Methods

Study Design

This systematic review was conducted in ac-
cordance with the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses
(PRISMA 2020) guidelines [30]. A narrative
synthesis approach was used to summarize
and integrate findings on early intervention
for young children with GDD.

Search Strategy

A structured literature search was carried out
in PubMed, Web of Science, Scopus, and clin-
icaltrials.gov to identify peer-reviewed stud-
ies evaluating early intervention programs
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for children diagnosed with GDD or develop-
mental delays. The search strategy combined
controlled vocabulary (MeSH) and free text
terms related to developmental delay, inter-
vention, and child populations:

("global developmental delay" OR "develop-
mental delay" OR "developmental disabili-
ties"

OR "neurodevelopmental delay")

AND ("intervention" OR "therapy" OR "early
intervention" OR "rehabilitation")

AND ("outcome" OR "effectiveness" OR "de-
velopmental progress")

AND ("child" OR "infant" OR "preschool")
Filters: English language; publication date up
to October 14, 2025.

Reference lists of included studies were man-
ually screened to identify additional eligible
articles. No other databases were searched
due to time and resource constraints.

Eligibility Criteria

Studies were included if they involved chil-
dren aged 0-6 years diagnosed with global
developmental delay or nonspecific develop-
mental delay and evaluated any early inter-
vention program, such as multidisciplinary
rehabilitation, family-based programs, com-
munity programs, parent-mediated programs,
or combined medical and therapeutic ap-
proaches. Eligible studies could use any con-
trol group, including usual care or waiting
lists, or a pre—post design without a control,
and had to report at least one developmental
domain outcome, including motor, language,
cognitive, social, or adaptive functioning. Ac-
ceptable study designs included quasi-experi-
mental, cohort, observational, or comparative
clinical studies, and only studies published
in English were considered. Studies were ex-
cluded if they involved children older than
six years, lacked an intervention component,
were case reports, conference abstracts, let-
ters, or commentaries, or did not report mea-
surable developmental outcomes.

Study Selection

Search results were imported into a refer-
ence manager and screened in two stages.
First, titles and abstracts were independently
screened by two reviewers using predefined
eligibility criteria. Full-text screening was

then performed for potentially relevant arti-
cles. Disagreements at either stage were re-
solved through discussion or by consulting a
third reviewer.

Data Extraction

A structured data extraction form was used
to capture study characteristics, including
author, year, country, setting, and sample
size; participant characteristics, such as age
and diagnosis; study design and comparator;
intervention type and delivery format, for
example, parent-mediated, center-based, or
community-based; follow-up duration; out-
come measures, including DQ scores, Grif-
fiths Scales, CGAS, and parenting stress; and
key findings. Data extraction was conducted
by one reviewer and subsequently checked by
a second reviewer.

Quality Appraisal

Methodological quality of included studies
was assessed using the Joanna Briggs Institute
(JBI) critical appraisal tools for quasi-experi-
mental and observational studies [31]. Risk of
bias domains included selection bias, compa-
rability, reliability of outcome measurement,
and completeness of follow-up. Evidence cer-
tainty across studies was later assessed using
the GRADE framework [32].

Data Synthesis

Due to heterogeneity in study design, inter-
ventions, and outcome measures, a meta-anal-
ysis was not feasible, so a narrative synthe-
sis was used to summarize the evidence. The
synthesis was organized by intervention type,
including multidisciplinary, parent-mediated,
community-based, and medical plus rehabil-
itation approaches; developmental outcomes,
such as motor, cognitive, language, and so-
cial/adaptive domains; and follow-up dura-
tion. Additionally, consistency of findings,
methodological limitations, and the overall
strength of evidence were evaluated. PRIS-
MA flow chart was generated by an online
tool [33].

Results

A total of 1,092 records were identified
through database searching and screened by
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title and abstract. After removing duplicates
and applying the initial screening, 84 full-text
articles were assessed for eligibility. Follow-
ing detailed evaluation against the predefined
inclusion and exclusion criteria, six studies
were finally included in this systematic re-
view, as shown in Figure-1.

Across the six included studies, sample sizes
ranged from small single-center cohorts of 46
to moderately large multicenter samples ex-
ceeding 300 participants, reflecting variability
in study scale and methodological rigor. Most
studies were conducted in clinical or rehabili-
tation settings in Asia, particularly China and
India, with one study from the Arab Gulf re-
gion. Participant ages ranged from infancy to
early childhood, typically between 3 months
and 6 years, aligning with the critical period
for neurodevelopmental intervention. Study
designs were predominantly observational
and quasi-experimental, including retrospec-
tive cohorts, pre—post intervention designs,
and controlled comparison groups, with no
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randomized controlled trials identified among
the included evidence. Intervention approach-
es varied widely, encompassing multidisci-
plinary rehabilitation programs, parent-im-
plemented therapy, structured educational
models, community-based interventions, and
combined medical-therapeutic methods such
as acupuncture. Control conditions, where re-
ported, generally involved routine care, wait-
ing-list groups, or home-based intervention
without structured clinical support. Follow-up
durations ranged from three months to one
academic year, though many studies lacked
long-term outcome assessment.

Outcome measures were heterogeneous
across studies, but most utilized standardized
developmental assessment tools to examine
change in developmental functioning. Com-
mon measures included the Gesell Devel-
opmental Schedules (GDS), Developmental
Quotient (DQ) across functional domains,
Griffiths Mental Development Scales, social
adaptability assessments, and global func-

Identification of new studies via databases and registers

c ) - . Records removed before screening:
2 Re%:;i;d;e';“::_lﬁ_’ lsr?rn. Duplicate records (n = 128)
8 ; - # Records marked as ineligible by automation
% Registers (n=1): tools (n = 0)
E ClinicalTrials.gov (n = 6) Records removed for other reasons (n = 0)
r
Records screened Records excluded
(n=1.,092) (n=571)
4
Reports sought for retrieval Reports not retrieved
2 (n = 521) (n = 437)
5
o
@
r Reports excluded:
Reports assessed for eligibility not GDD (n = 75)
(n=84) o case reports (n = 1)
non-english (n = 2)
y
New studies included in review
g (n=6)
- Reports of new included studies
= (n=0)

Figure 1. PRISMA flowchart of inclusion process of studies
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tioning scales such as the CGAS. Despite het-
erogeneity in tools and domains assessed, all
studies evaluated multidimensional aspects
of child development, particularly gross and
fine motor skills, language, adaptability, and
social interaction. A small number of studies
also incorporated caregiver-related outcomes
such as parental stress, reflecting broader psy-
chosocial impacts of intervention. However,
reporting quality varied, with frequent lack
of detail regarding intervention fidelity, treat-
ment intensity, and attrition analysis. Sever-
al studies also lacked clear descriptions of
baseline comparability or adjustment for con-
founding variables, limiting interpretability.

Figure-2 shows summarized synthesized ev-
idence. Across the included studies, early in-
tervention consistently demonstrated positive
developmental trends in children with GDD,
although the strength of this evidence is limit-
ed by study design. Multidisciplinary rehabil-
itation and medical-therapeutic approaches,
such as combined acupuncture and home-
based therapy, showed improvements in mul-
tiple developmental domains (Li ez al. 2024).
Parent-mediated interventions also demon-
strated measurable benefits, particularly when
caregiver training was central to the therapeu-
tic model (Dong et al. 2020). Structured early
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education programs delivered through fami-
ly—clinic collaboration similarly enhanced de-
velopmental quotients across domains (Liu et
al. 2018), while community-based programs
in low-resource settings successfully im-
proved motor, cognitive, and communication
abilities using low-cost materials (Lakhan et
al. 2013). Observational cohort data further
indicated that earlier initiation of intervention
(especially before 6 months of age) may yield
greater treatment responsiveness (Liu et al.
2024), and longer intervention exposure (e.g.
one academic year) may lead to enhanced
functional integration outcomes such as read-
iness for school (Al-Yamani et al. 2023). De-
spite consistent directionality favoring early
intervention, methodological heterogeneity,
lack of randomisation, and incomplete adjust-
ment for confounders limit causal interpreta-
tion across studies.

Using the GRADE framework, certainty of
evidence for core developmental outcomes
remains low. Improvements were reported in
motor, language, and adaptive/social func-
tioning across multiple studies (Li et al. 2024;
Dong et al. 2020; Liu et al. 2018; Lakhan et
al. 2013), but mostly from observational or
quasi-experimental designs without blinding,
introducing risk of bias. Consistency of ef-

Early Intervention
GDD

Figure 2. Summary of study findings, generated by visily.ai
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Table 2. JBI Appraisal of Included Studies

Mohammed Al Muhanna S, et al.

Study Design JBI Questions (Key) Appraisal Summary
1. Yes — groups comparable
1. Were the participants similar? at baseline. 2. Yes —
. 2. Was there a control group? 3. experimental vs home-
Fang Li et . .
Quasi- Were outcomes measured reliably? based control. 3. Yes
al., 2024 . .
experimental 4. Was follow-up complete? 5. — developmental quotients
[34] . . .
Were outcomes assessed in a and clinical effectiveness. 4.
blinded way? Mostly — 7/127 excluded. 5.
Not reported — possible bias.
1. Partially — some baseline
1. Were groups comparable? differences p OSSlb.le' 2
. Yes — CGAS scoring. 3.
Al-Yamani . 2. Were outcomes measured o
Observational . Limited — some confounders
et al., 2023 . consistently? 3. Were confounders
comparative . . acknowledged. 4. Not fully
[35] identified? 4. Was follow-up .
reported — retrospective
complete? AT
design limits follow-up
assessment.
1. Yes — age-based
1. Were groups similar? 2. Were stratification. 2. Yes —
Liu et al., Retrospective exposures measured reliably? 3. intervention clearly described.
2025 [36] cohort Were outcomes measured validly? 3. Yes — GDS pre/post
4. Was follow-up adequate? assessment. 4. Adequate — all
received >3 months therapy.
1. Yes — age and baseline
1. Were participants comparable?  DQ similar. 2. Yes — PIEIP
2. Was intervention clearly intervention described.
Dong et al., Multicenter quasi- described? 3. Were outcomes 3. Yes — DQ and GDS-C
2023 [37] experimental measured reliably? 4. Was scores, parental stress. 4.
follow-up complete? 5. Was there  Yes — mid-term and end-term
statistical analysis? assessments. 5. Yes — t-tests
and significance reported.
1. Yes — baseline DQ
1. Were groups similar at baseline? comparable. 2. Yes —
. . 2. Were outcomes measured GESELL DQ and social
Liu et al., Observational . . . ..
2018 [38] comparative validly? 3. Was intervention adaptability. 3. Yes — PGEE
P described? 4. Was follow-up program described. 4. Yes
complete? — 6-month follow-up for all
analyzed.
1. Were participants described? 2. 1. Yes — age, DD severity
. reported. 2. Yes — Early
Lakhan et . Were outcomes measured reliably? .
Observational pre- Intervention Tool (EIT). 3.
al., 2013 ost 3. Was follow-up adequate? Mostly — only 46/67 analvzed
[39] p 4. Was statistical analysis Y Y yzed.

appropriate?

4. Yes — paired t-test,
correlation analysis.

fect direction was moderate, but precision
was reduced by small sample sizes in some
studies (Liu et al. 2018; Lakhan et al. 2013)
and indirectness was present due to variation
in intervention content and delivery across
populations and settings (community vs. hos-
pital-based). Only one study incorporated par-

ent-related outcomes, demonstrating reduc-
tions in parental stress linked to intervention
participation (Dong ef al. 2020), but evidence
remains sparse for family or quality-of-life
outcomes. Overall, the certainty of evidence
is graded as low to very low, indicating that
while findings are promising and support im-
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plementation of early intervention programs,
further high-quality controlled studies are
necessary to increase confidence in estimated
effects.

Quality of Included Studies

Across studies, interventions were generally
well-described, outcomes reliably measured,
and improvements consistently observed, but
limitations included small control groups, po-
tential baseline differences, lack of blinding,
and partial loss to follow-up. Table 2 summa-
rizes appraisal results in studies.

Discussion

The findings of our review are consistent with
previous literature demonstrating that early
intervention yields measurable improvements
in motor, language, cognitive, and social do-
mains among children with developmental
delays. Orton et al. (2024) [40], in a Cochrane
systematic review of early developmental
programs for high-risk infants, reported small
but significant improvements in motor and
cognitive outcomes when interventions were
started early and delivered consistently.
However, unlike these prior reviews that of-
ten-included heterogeneous populations such
as children with cerebral palsy, autism, and
general developmental risk, our study focused
specifically on children diagnosed with GDD,
addressing a notable gap in the literature by
examining intervention outcomes in this clin-
ically distinct group.

Similarly, Dong et al. (2023) [41] found that
parent-mediated and multidisciplinary inter-
ventions significantly improved functional
developmental outcomes, particularly in lan-
guage and social communication, highlight-
ing the importance of caregiver involvement.
In agreement with our findings, Smythe et
al. (2021) [42] emphasized that communi-
ty-based and family-centered early interven-
tion models are feasible and effective in low-
and middle-income countries, even where
access to specialized rehabilitation services is
limited.

Effectiveness of Early Intervention Programs for Children with Global Developmental Delay

Consistent with earlier findings, the current
body of evidence continues to be limited by
a lack of randomized controlled trials, short
follow-up durations, and inconsistent use of
standardized developmental assessment tools
across studies.

In comparison to prior syntheses, such as
Kumar et al., which analyzed 14 studies in
low- and middle-income countries showing
parent-led interventions improved cognitive/
language outcomes [43]; Emmers et al., a
meta-analysis of 19 studies (n=19,765) in
rural China demonstrating parental train-
ing reduced delay risk [44]; and Aldharman
et al. [45], reviewing 13 studies where early
diagnosis/intervention doubled developmen-
tal gains across NDD domains (communi-
cation had most benefit). Like these studies,
we showed greater gains with interventions
initiated before 6 months and sustained over
time, while indicting persistent methodolog-
ical limitations, including the absence of ran-
domized controlled trials and low-to-very low
GRADE evidence certainty, echoing calls for
high-quality, standardized trials and long-
term follow-ups.

Conclusion

Early interventions for children with global
developmental delay consistently transformed
neurodevelopmental trajectories across di-
verse low-resource settings, empowering
caregivers as pivotal agents of change while
illuminating the profound urgency of inter-
vening before six months to harness brain
plasticity's critical window. Yet, the pervasive
absence of randomized trials and methodolog-
ical fragilities reveal a fragile evidence foun-
dation that risks perpetuating inequitable care,
demanding immediate investment in rigorous,
standardized research to translate promising
gains into equitable policy and scalable global
programs.
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