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Abstract

Preterm infants continue to face an elevated risk of adverse neurodevelopmental outcomes after discharge
from the neonatal intensive care unit (NICU), including impairments in motor skills, cognition, behavior,
and self-regulation. Over the past two decades, numerous developmental support programs have been
introduced to enhance long-term outcomes in this vulnerable population. However, substantial
heterogeneity in underlying theoretical frameworks, intervention content, delivery methods, intensity,
timing, and outcome assessment tools has led to inconsistencies across studies. This variability has
limited comparability between trials and complicated the translation of research findings into. clinical
practice. Accordingly, the present scoping review aimed to systematically map, characterize, and
categorize developmental supportive interventions implemented after NICU discharge for preterm infants.
Methods: A scoping review was conducted following the methodological framework proposed
by Arksey and O’Malley and the recommendations of the Joanna Briggs Institute. A systematic
search was performed in PubMed, Scopus, Web of Science, and Goeogle Scholar for studies
published between 2000 and August 2024. Studies were eligible if ‘they evaluated interventions
targeting preterm infants and their caregivers when the intervention was initiated after discharge from the
NICU, or when it began during hospitalization and continued into the post-discharge period. Information
on key aspects of the interventions-including their core ‘components, underlying theoretical basis,
implementation characteristics, and reported outcomes-was systematically extracted and summarized
using descriptive analysis.

Results: Fifteen studies met the inclusion criteria.“The identified interventions were classified
into four major domains: motor interventions (n = 6), sensory interventions (n = 2), behavioral
interventions (n = 4), and family-centered. parent @mpowerment programs (n = 3). Motor-focused
interventions mainly addressed improvements in motor development and, in some cases,
cognitive functioning. Sensory-based approaches were designed to support sensory processing
and regulation while also promoting more effective parent—infant interactions. Behavioral
interventions emphasized strengthening infants’ self-regulatory capacities and fostering
co-regulation through responsive caregiving practices. In contrast, family-centered programs
primarily sought to alleviate parental stress and enhance caregivers’ confidence and competence
in providing care.-Although favorable outcomes were reported in many studies, considerable
heterogeneity was observed in theoretical foundations, intervention components, intervention
duration and intensity, parental involvement, and outcome measures.

Conclusion: Discharge from the NICU should not be viewed as the endpoint of developmental support
but rather ascthe start of a critical transition to home-based care. To maximize the effectiveness of
post-discharge interventions, therapists need to move beyond isolated or fragmented strategies and instead
follow structured, stepwise guidance while adopting a coaching role that strengthens parental capacity and
involvement. In addition, the development of comprehensive and context-specific programs is crucial.
Such programs may integrate pre-discharge educational packages, tele-rehabilitation services, and
culturally adapted, parent-centered protocols to ensure continuity and sustainability of developmental care
within the home environment.

Keywords: Preterm infant; Developmental care; Early intervention; Family-centered care;
Parent empowerment; Scoping review.



Introduction

Preterm birth, commonly defined as delivery before 37 completed weeks of gestation, continues
to represent a significant global public health concern. Estimates from the World Health
Organization and recent epidemiological analyses indicate that about 13.4 million infants were
born preterm worldwide in 2020, with reported prevalence varying between roughly 4% and
16% across regions and populations (1-2). In Iran, the prevalence has been estimated at
approximately 11%-12% (3). Infants born prematurely face a higher likelihood of
neurodevelopmental challenges, including developmental delays, cognitive «deficits, and
problems with sensory and emotional regulation. These early difficulties-may persist and
influence later academic performance, social participation, and overall quality of life (4-5).

Hospitalization in the neonatal intensive care unit (NICU) frequently imposes substantial
psychological strain on families, particularly on mothers. Such ‘stress can interfere with the
development of secure parent—infant attachment, diminish the quality of caregiving, and
potentially affect infants’ neurodevelopmental trajectories (6-7). As advances in neonatal
medicine have improved survival among preterm infants, the focus of care has gradually
expanded beyond survival toward promoting optimal growth and developmental outcomes after
discharge. The transition from the NICU. to the home setting therefore represents a pivotal phase
in the continuum of developmentals care.. During this stage, the primary responsibility for
everyday caregiving—including managing the home environment, interpreting and responding to
infant cues, and providing appropriate developmental stimulation—shifts from healthcare
professionals.to family members (8-9).

Because of the immaturity of their central nervous system, limited capacity for self-regulation,
and heightened sensitivity to environmental stimuli, preterm infants often require continued,
structured developmental support following discharge from the hospital. Moreover, parents of
these infants may experience anxiety, reduced confidence, difficulties in interpreting infants’
behavioral cues, and concerns about providing care at home (6, 10). Accordingly, care following
discharge should adopt a dyadic perspective that considers the needs of both the infant and the
parents. During this period of rapid brain development, neuroplasticity allows the nervous

system to reorganize and establish new synaptic connections in response to appropriate



environmental input. Therefore, intervention strategies should be informed by these
neurobiological mechanisms in order to support and optimize infants’ neurobehavioral

developmental trajectories (11-12).

In response to these needs, various developmental supportive interventions have been developed,;
however, the existing evidence remains highly heterogeneous in terms of content, theoretical
foundations, and implementation components (13-14). Despite previous review “studies
investigating early interventions, a critical examination indicates that these studies often have
considerable methodological limitations, including insufficient attention (to the theoretical
frameworks underlying the interventions (such as the Synactive Theory)-and an exclusive
emphasis on reporting clinical effectiveness without presenting an integrated conceptual model.
Indeed, the lack of a comprehensive evidence map capable of categorizing. the implementation
characteristics and conceptual foundations of these interventions.has limited the standardization

of post-discharge care and their adaptation to diverse healthcare systems (13-15).

Therefore, the present scoping review was conducted to address these scientific and
methodological gaps by systematically identifying, describing, and categorizing developmental
supportive interventions for preterm infants following NICU discharge. By systematically
identifying the types of interventions, their underlying theoretical frameworks, and key content
elements, this study seeks to develop-a comprehensive and organized framework. The findings of
this review have direct clinical relevance and may serve as a practical, evidence-based resource
for healthcare professionals-particularly occupational therapists, physical therapists, and neonatal
nurses-in the.systematic design and implementation of developmental interventions during the

critical post-discharge period.
Methods

The scoping review methodology provides a systematic approach for identifying, mapping, and
synthesizing available evidence while exploring knowledge gaps within a specific research area.
The present study followed the five-stage methodological framework developed by Arksey and
O’Malley (13). In addition, to enhance methodological rigor and reporting transparency, the

updated recommendations of the Joanna Briggs Institute (JBI) and the Preferred Reporting Items



for Systematic Reviews and Meta-Analyses Extension for Scoping Reviews (PRISMA-ScR)

guidelines were followed (14, 15).

Stage 1: Formulation of the Research Question

The research questions addressed in this scoping review were as follows: What types of
developmental supportive interventions are available for preterm infants following. discharge
from the NICU? What theoretical frameworks underpin the design of these interventions? What

outcomes have been assessed in these studies?
2. Identifying Relevant Studies

A literature search was conducted from August 1 to August 15,.2024. The. electronic databases
PubMed, Scopus, Web of Science, and Google Scholar were independently searched. The search
strategy was developed using a combination of keywords and related terms concerning preterm
infants, early intervention, developmental care, family-centered care, parent—infant interaction,
and neurodevelopmental outcomes. Search terms. were adjusted to align with the syntax and
search requirements of each database.

The PubMed search strategy was constructed as follows:
A) “preterm infants” [Title/Abstract]" .OR “premature infants” [Title/Abstract] OR

neonates[Title/Abstract]

B) “early intervention” [Title/Abstract] OR “developmental care” [Title/Abstract] OR “family-
centered _care” [Title/Abstract] OR “mother-infant relationship” [Title/Abstract] OR

“neurodevelopmental treatment” [Title/Abstract]
C) AANDB

For Scopus, the search strategy was modified to query the title, abstract, and keyword fields as

follows:



TITLE-ABS-KEY ("preterm infants” OR "premature infants” OR neonates) AND TITLE-ABS-
KEY (“early intervention” OR "developmental care” OR "family-centered care™ OR "mother-

infant relationship” OR "neurodevelopmental treatment')

In Web of Science, the search was conducted using the Topic (TS) field.

TS= ("preterm infants” OR "premature infants” OR neonates) AND TS= ("early intervention”
OR "developmental care” OR "family-centered care” OR "mother-infant relationship™ OR

"neurodevelopmental treatment")

For Google Scholar, considering the limitations in handling complex Boolean search strings, the
Advanced Search option was used. The main keyword combinations (e.g., “preterm infants”
combined with “carly intervention” and “developmental care”) were.searched, and the retrieved
records were screened until saturation was reached in identifying.relevant studies. Additionally,
reference lists of included studies and relevant articles. were manually searched to maximize the

comprehensiveness of the literature search.

3. Study Selection

The inclusion criteria comprised studies published in English or Persian between 2000 and 2024,
with study populations including preterm .infants, parents of preterm infants, or their primary
caregivers. Regarding. study design, only original research studies, including randomized
controlled trials (RCTs), non-randomized clinical trials, quasi-experimental studies, and cohort
studies, were “considered eligible. To enhance the applicability and validity of the findings,
studies with very small sample sizes (total sample size <14), as well as case reports, case series,

letters.to the editor, and review articles, were excluded.

The primary focus of eligible studies had to involve developmental care programs,
developmental supportive interventions, family-centered care, parent education, early
intervention programs, mother—infant interaction interventions, or other related interventions
aimed at improving the neurodevelopment of preterm infants following NICU discharge. Studies
in which interventions were initiated during NICU hospitalization and continued after discharge
were also included. Additionally, studies were required to report at least one outcome related to



neurodevelopment, motor development, cognitive development, behavioral development,

parent—infant interaction, or parental outcomes.

The exclusion criteria included review articles, systematic reviews, meta-analyses, study
protocols, letters to the editor, theoretical articles, and studies without accessible full texts.
Studies involving term infants or children without a history of prematurity were excluded.
Furthermore, studies examining exclusively pharmacological, surgical, or medical interventions
without a direct relationship to developmental care or neurodevelopmental support were omitted.
Studies without a clearly defined intervention, those focusing solely on neurodevelopmental
status, risk factors, prevalence of developmental disorders, or.associations between variables,

and those not reporting relevant developmental or infant growth outcomes were also excluded.

Although scoping reviews generally include a wide range.of study designs, the present review
specifically aimed to identify and classify developmental supportive intervention programs
designed to improve neurodevelopmental outcomes among preterm infants after NICU
discharge. Therefore, eligibility was restricted to. intervention-based studies, including RCTs,
non-randomized clinical trials, and quasi-experimental studies. This restriction was applied
because such designs allow for more accurate extraction of intervention components,
implementation characteristics, theoretical foundations, and outcomes attributable to the
intervention. Consequently, observational .and non-interventional studies lacking a clearly

defined and evaluable intervention structure were excluded.
4. Study Selection Process

Following-the .implementation of the search strategy, all retrieved records were imported into
EndNote. reference management software, and duplicate records were removed. In the first
screening stage, titles and abstracts were independently assessed by two reviewers according to
the predefined eligibility criteria, and studies that did not meet the inclusion criteria were
excluded. Subsequently, the full texts of potentially eligible studies were assessed in detail.
Studies that did not include an intervention or failed to provide a sufficient description of the
intervention procedures and implementation characteristics were excluded. All stages of the

screening and selection process were performed independently by two researchers. The results of
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each stage were discussed, and any disagreements were resolved through discussion and

consensus between the reviewers.

5. Data Extraction, Analysis, and Synthesis

Two researchers independently extracted and organized the data using a pre-specified extraction
form. The collected information covered the authors, year of publication, study aims, sample
size, participant characteristics, study design, the theoretical foundation of each intervention,
details of the intervention components, duration and timing of implementation, assessment
instruments, and the reported outcomes. Any discrepancies between .the reviewers were

addressed through discussion until agreement was reached.

After completing data extraction, the included studies were compared with respect to their
theoretical frameworks, intervention goals, implementation-features, program components, and
reported outcomes. A descriptive content analysis approach was applied to synthesize and
categorize interventions with similar characteristics into conceptual domains. Accordingly, the
identified interventions were grouped into four main categories: motor-based interventions,
sensory-based interventions, behavioral interventions, and family-centered interventions focused

on parental empowerment.

Finally, the findings were presented<using .summary tables of included studies, and the study
selection process was ilustrated through a PRISMA-ScR flow diagram.

Results

The study selection process was conducted according to the PRISMA-ScR flow diagram. The
initial search of the specified electronic databases identified a total of 3,156 records. After
importing-all retrieved records into EndNote reference management software, 1,143 duplicate
records were identified and removed. During the initial screening phase, the titles and abstracts
of the remaining 2,013 records were independently assessed by two researchers, and 1,946

records were excluded due to irrelevance to the study objectives.

Subsequently, the full texts of the remaining 67 articles were assessed in detail according to the

predefined inclusion and exclusion criteria. Among these, 52 articles were excluded for specific

11



reasons, including lack of focus on preterm infants, inconsistency with developmental supportive
interventions, absence of post-discharge intervention implementation, failure to report relevant

outcomes, non-interventional study designs, or insufficient information.

Ultimately, 15 studies that met all eligibility criteria were included in this scoping review for

data extraction and synthesis.

12
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A summary of the characteristics of the included studies, including research objectives, sample
characteristics, study designs, intervention components, assessment tools, and reported

outcomes, is presented in Table 1.

The analysis revealed significant heterogeneity among post-discharge developmental care
programs for preterm infants concerning theoretical frameworks, intervention s«components,
duration and intensity, degree of parental involvement, and evaluated outcomes. Based on
similarities in theoretical underpinnings and implementation characteristics, the -identified
interventions were grouped into four core categories: motor interventions, sensory-interventions,
behavioral interventions, and family-centered parent empowerment programs. A comparative

overview of the key features of these four categories is presented in Table,2.
1. Motor Interventions

Six studies were categorized within this domain. “Three studies were based on Neuro-
Developmental Treatment (NDT) theory, which uses handling techniques and key points of
control to influence movement patterns and.postural stability (16-18). The other three studies
were based on action-perception theory-and focused on environmental enrichment and the
infant’s active participation in movement-based play and problem-solving activities (19-21)
(Table 2).

2. Sensory Interventions

Two studies were classified within this category. One study applied multisensory stimulation,
while the _other. utilized Kangaroo Mother Care (KMC). The multisensory stimulation
intervention was designed to simulate aspects of the intrauterine environment and included
auditory;. tactile, visual, and vestibular stimuli. Auditory input was delivered through soft
lullabies, while tactile stimulation consisted of gentle massage with light stroking. Visual
stimulation was provided using high-contrast black-and-white cards, and vestibular input was

introduced through slow, controlled vertical and horizontal rocking movements (22).

Kangaroo Mother Care (KMC) is a supportive approach for the care of preterm infants that

emphasizes skin-to-skin contact and the promotion of breastfeeding, helping to strengthen

14



mother—infant bonding and interaction (23). Both interventions were initiated during NICU

hospitalization and continued for up to two months after discharge (Table 2).
3. Behavioral Interventions

Four studies were categorized within this domain. Behavioral interventions were primarily based
on the Synactive Theory of Development, which views infant behavior as the primary-language
through which infants communicate their states of stability or stress. This theoretical framework
enables therapists and parents to accurately interpret behavioral cues.and support the

development of self-regulation and co-regulation.

Within this framework, infant behaviors are understood through four._interrelated subsystems-
autonomic, motor, state regulation, and attention/interaction-and: are categorized into three
distinct behavioral states: approach, self-regulation, and stress. Within each subsystem, behaviors are
conceptualized along a continuum ranging from approach. behaviors to stress behaviors, with self-
regulatory behaviors positioned between these two states. Infants may use self-regulatory behaviors to
(1) maintain attention and interaction, (2) cope with.more challenging interactions, or (3) return to a

stable state.

Approach and self-regulatory-behaviers indicate that the infant is able to tolerate environmental
stimuli and benefit from environmental experiences. Conversely, the presence of stress behaviors
suggests that stimulation.exceeds the infant’s tolerance capacity, indicating the need for parents
or therapists tomodify the intensity of stimulation. Self-regulatory behaviors may also guide
caregivers in applying specific co-regulation strategies, such as facilitating foot bracing or

grasping attempts.

Based ‘on ‘these behavioral observations, intervention guidelines and strategies have been
developed to reduce infant stress, promote attention and interaction, and support emerging self-
regulatory abilitiesThese approaches further support parents in developing a clearer
understanding understanding of their infant’s individual behavioral characteristics, as well as the

infant’s ability to process, tolerate, and respond to environmental stimuli (24—-27) (Table 2).

15
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4. Parent Empowerment and Family-Centered Interventions

Three studies were classified within this category. These interventions primarily focused on
reducing parental stress associated with NICU hospitalization. By providing parents with
information about infant behaviors and their role in caregiving, these programs aimed to enhance
mother—infant interaction, strengthen parental empowerment, and improve parental-self-efficacy
(28-30) (Table 2).

Analysis of the assessed outcomes in the included studies showed that motor-development and
functional performance received the greatest attention, being evaluated in 10 studies. Cognitive
development was assessed in 8 studies. Language development and. communication skills,
parental stress or resilience, and behavioral outcomes and self-regulationwere each evaluated in
4 studies. In contrast, social-emotional outcomes received less attention and were assessed in

only 3 studies.

These findings indicate that although existing ‘studies have primarily focused on motor and
cognitive aspects of preterm infant development, other important developmental domains,
including social-emotional, behavioral,” and._family-related outcomes, remain comparatively

underexplored.

Table 1. Summary of results of reviewed articles on developmental care programs for premature infants after discharge

Authors, = Aim Characterist = Study Design Description of = Assessm | Result

Publicat ics of Program ent Tool

ion Year Samples

Lekskul = “The. effect of ' 84 Preterm Randomized 12 age-appropriate  Test of | The results

chai et developmental infant<37 clinical trial modified motor = infant indicated that the

al., program on. motor« week activities at 40 weeks, | motor therapeutic

(2001) performance of 1, 2, 3, months scale intervention  was

) premature infants at effective on motor
three “months  of function.
corrected age.”

Camero ' The  effect of 72 Preterm Randomized Motor  development = Test of @ The results

netal., neurodevelopmental | infant<32 clinical trial program (positioning = infant indicated that the

(2005) treatment on motor = week and manipulation = motor therapeutic

Q) function of techniques) from birth = scale intervention  was
premature infants at to 4 months of age ineffective.

four months of
corrected age.

Dusing “The effect of 14 Preterm @ Pilot The intervention = Test of = The intervention
etal., supporting play @ infant<29 randomized consisted of two infant had a positive
(2018) exploration and  week controlled trial phases: the first phase = motor effect on the
)] early development in the NICU, @ scale/ motor and
intervention on educating parents on = Bayley cognition of
improving early the infant's cues for = Scales infants.
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Finlayso
n

etal.,
(2020)

0%

Ochand
orena et
al

(2022)

QR0

Altunala
netal
(2023)
(YY)

Nelson
etal.,
(2001)

™)

reaching,
exploratory,
problem-solving
behaviors and motor
performance at 3

and

months and 6
months  of  age,
corrected”

“Assessing the
impact and
feasibility of
supporting play
exploration and
early development
intervention to

improve motor in an
Australian context”

“The effect of early
physiotherapy ~ on
motor function of
premature infants at
2 and 8 months of
age, corrected”

“The \effect. of the

Baby Explorer
program¢ on motor,
cognitive, and
language

development”

“The effect of a
multisensory
stimulation program
on the cognitive and
motor development
of premature
infants.”

17 Preterm
infant<30
week

48 Preterm
infant
>32 week

57 Preterm
infant<32
week

37 Preterm
infant<32
week

Prospective
pilot feasibility
randomized
controlled trial

Randomized
clinical trial

Randomized
clinical trial

Randomized
clinical trial
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communication, and
the second phase at

home, focusing on
parents providing
daily movement-
based play

opportunities and
appropriate challenges
for the infant.

The intervention
consisted of two
phases: the first phase
in the NICU,
educating parents on
the infant's cues for
communication, and
the second phase at
home, focusing on
parents providing
daily movement-
based play
opportunities and
appropriate challenges
for the infant.

“The intervention
consisted  of ~  two
phases: Phase 1:
Educating parents
about the signs and
characteristics of
premature infants and
performing tactile and
motor stimulation for
15 minutes twice a

day for 10 days before
discharge. Phase 2:
Providing
opportunities to
experience  different
positions and
movements

appropriate to the
infant's development.”
Interventions include
massage and kangaroo
care, and providing
opportunities for play
in different positions
in the first trimester,
and active playtime
and development of
exploratory activities

in the second
trimester.
“The intervention

included multisensory
stimulation (auditory,
tactile, visual, and
vestibular) for 15
minutes twice a day, 5
days a week in the

of Infant
and
Toddler
Develop
ment

Al

feasibilit
y’ .
recruitm
ent rate,
participa
nt
retentio
n,
sessions
delivere
d, and
therapy
fidelity/
Bayley
Scales
of Infant
Alberta
Infant
Motor
Scale
[ Ages
and
stages
question
naire

Bayley
Scales
of Infant
and
Toddler
Develop
ment 1

Bayley
Scales
of Infant
and
Toddler
Develop
ment |1

The results
suggest that this is
a feasible
program .in the
Australian context
and. resulted in
improved motor
and language at 4
months of age.

No differences

were observed
between  groups
on the Alberta
Infant Motor
Scale at 2 or 8
months of
corrected age.
However, at 1
month of
corrected age,
they showed more
optimal fine
motor, problem-
solving,
interpersonal-
social, and

communication
development.

No significant
differences were
observed between
groups, but there
were differences
in cognitive and
linguistic
development
within groups.

“Infants in the
intervention group
performed better
than the control
group on motor
and cognitive
outcomes, but this
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11

12

Ghazi et
al.,
(2021)

")

Koldewi
jnetal,
(2009)

("M

Kyng et
al.,
(2012)

("%

Newnha
metal.,
(2009)
(Y°)

Halbmei
jeretal.,
(2023)
YY)

“The effect of
continuous

kangaroo  mother
care program on
maternal resilience
and premature
infant development”

“The effect of the

infant behavioral
assessment and
intervention

program on

developmental and
neurobehavioral
outcomes of

premature infants”

“The  effect of
mother-infant

transaction program
on the development
of premature infants

113

“The effect of a
modified. ‘mother-
infant, transaction
program.on infant
temperament  and
parental stress.”

“The effect of the
responsive
parenting program
on developmental
outcomes of
premature  infants
after discharge.”

50 Preterm Randomized

infant
YY-YT week

clinical trial

176 Preterm = Randomized

infant
<32
Week

clinical trial

118 Preterm = Randomized

infant
30-36
Week

68
Preterm
infant<34
week

92
Preterm
infant<32
week

clinical trial

Randomized
clinical trial

Quasi-
experimental
study (pre-test
and post-test)
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NICU and  after
discharge until 2
months of age.”

The intervention
included kangaroo
care in the NICU at
least three times a day
and continued for one
month after discharge
for 20 minutes at least
three times a day.

The intervention
program is based on
repeated observations

of the infant's
behavior, and
communication is

established with the
infant when it is.in'a
self-regulating ~state,
andcwhen-.it is in a
stressful state,
conditions are created
to reduce stress. This
program consisted of
6-8 home visit
sessions.

The program includes
11 sessions of training
on infant behavioral
cues and establishing
mother-infant
interaction when the

infant is calm. 7
sessions before
discharge and 4
sessions after
discharge until the

baby is 90 days old.
The program includes
9 sessions of training
on infant behavioral
cues and establishing
mother-infant
interaction when the

infant is calm. 7
sessions in the
hospital and 2
sessions after

discharge up to 3
months of age.

The program includes

12 one-hour
intervention sessions
at home after
discharge from the
hospital  until 12
months of age and is
derived from the

Connor
and
Davison
question
naire /
Ages
and
stages
question
naire

Bayley
Scales
of Infant
Develop
ment-I1
Infant
Behavio
ral
Assessm
ent

Ages
and
stages
question
naire /
Mullen
Scale of
Early
Learnin

g

Short
Temper
ament
Scale
for
Infants /
Edinbur
gh
Postnata
|
Depressi
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difference was not

statistically
significant.”

The results
showed that the
continuous
kangaroo care
program was
effective in
increasing
maternal

resilience and the
development  of
premature infants.
The results
indicated that the
intervention was
effective at 6
months of age.

“The intervention
program had no

effect on
cognitive, motor,
and behavioral

development.”

Infants in the
intervention group
had better mood

and fewer
regulatory
problems, had
more  developed
communication
skills, and

mothers had less
stress.

The results
indicated that the
intervention

program was
effective on
cognitive

performance and
had no effect on
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Melnyk = “The effect of the

etal., creating

(2001) Opportunities  for

(V) Parent
Empowerment
Program on
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development  and
maternal
adjustment.”

Colditz  “The effect of a

etal., positive  parenting

(2019) program on

(Y9) developmental
outcomes of
premature infants at
2 years of age,
corrected”

Shafaro  The effect of the

odi et Creating

al., Opportunities  for

(2022) Parent

(YA Empowerment  on

developmental
outcomes of
premature infants.

Preterm
infant
<37 week

55 Preterm Randomized
infant
Y5_YF

Week

clinical trial

323 Preterm = Randomized
infant
<32 week

clinical trial

Randomized
clinical trial

IBAIP program.

The 4-stage
educational program
included

characteristics of
premature infants and
the NICU

environment, parents'
roles in increasing the
quality of interaction
and facilitating their
infant's development
(stage in the NICU,
the final stage one
week after discharge).
The program
consisted of 4 2-hour
sessions in the NICU
and 4 half-hour‘phone
calls after discharge
for up to onewweek on

modified coping
strategies and
parenting. strategies,
followed by
reintegration into the
routine parenting
program available at
Contexts  1Australia

until 2 years of age.

The 4-stage
educational program
included

characteristics of
premature infants and
the NICU

environment, parents'
roles in increasing the
quality of interaction
and facilitating their
infant's development
(stage in the NICU,
the final stage one
week after discharge).

motor
performance.
Bayley The results
Scales indicated that the
of Infant = intervention
and program was
Toddler | effective on infant
Develop = cognitive
ment I/ = outcomes and
Parent reduced parental
stress stress caused by
scale the NICU
environment.
“Infant The results
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Toddler | intervention
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Emotion = effect on motor
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Adjustm | development, but
ent had no effect on
Scale behavior.
Bayley
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of Infant
and
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Ages The results
and indicated that the
stages intervention
question = program was
naire effective.

Table 2: Comparison of Post-Discharge Developmental Supportive Interventions Across Four Principal Domains

Characteristic

Motor
Interventions

Sensory
Interventions
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Behavioral
Interventions

Family-Centered
(Parent
Empowerment)
Programs



Number of
Studies

Target
Population

Dominant
Theoretical
Framework

Core
Components

Timing of
Initiation

Level of
Parental
Involvement
Key Evaluated
Outcomes

Studies .with

Positive
Results

Strengths

Observed
Limitations

6

Preterm infants
(predominantly <
32 weeks’
gestation)

Neuro-

Developmental
Treatment (NDT),
action-perception
theory,
environmental
enrichment

Motor  exercises,
positioning,
movement-based
play, active
environmental
exploration

Predominantly

initiated in  the
NICU and
continued  post-
discharge
Moderate to High
Motor, cognitive,
and language

development

4 out of 6-studies

Direct focus on
motor and
cognitive

developmental
trajectories
Substantial
heterogeneity  in
intervention

modality and

2

Preterm  infants
and their parents

Developmental
care and sensory
organization

Multisensory
stimulation,
Kangaroo Mother
Care (KMC),
skin-to-skin
contact

the
and
post-

Initiated in
NICU
continued
discharge

High

Motor and
cognitive
development,
parent-infant
interaction

1 out of 2 studies
(plus one
indicating a
positive trend)
Cost-effective and
simple to
implement in
various settings

Scarcity of

eligible published
studies

20

4

Preterm infants
and their parents

Parent-infant

interaction
theory, self-
regulation, and

co-regulation

Education on
interpreting

infant behaviaeral
cues, responsive

caregiving, self-
regulation
support
Initiated in the
NICU or
immediately

post-discharge

Very High

Self-regulation,
behavior, parent-
infant
interaction,
cognition

3 out of 4 studies

Enhances
parent-infant
interaction
behavioral
regulation
Requires
specialized
training
continuous

and

and

3
Parents and
preterm infants

Family-centered
care ‘and parental
self-efficacy

Parent education,
psychological

support,
enhancing
participation in
caregiving
Initiated in the
NICU and

continued at home

Very High
Parental  stress,
self-efficacy,
cognitive and
motor

development
3 out of 3 studies

Empowers parents
and facilitates
continuity of care
post-discharge

High dependence
on the extent of
family

engagement and



intensity follow-up adherence

Discussion

The present scoping review demonstrated that, despite considerable heterogeneity in theoretical
foundations, intervention content, implementation structures, and evaluated outcomes,
developmental supportive interventions for preterm infants following discharge can be
systematically classified into four major domains: motor interventions (n=6), sensory
interventions (n=2), behavioral interventions (n=4), and family-centered parent. empowerment

programs (n=3) (Table 2).

Although these interventions are based on different theoretical frameworks, the synthesized
evidence suggests that these categories should not be considered-independent or competing
approaches. Rather, each addresses a specific aspect of developmental care for preterm infants
and may function as complementary components of a broader care model. Sensory and motor
interventions primarily aim to enhance neurodevelopmental capacities and provide appropriate
developmental experiences, whereas behavioral .interventions focus on supporting infant self-
regulation and improving parent—infant interaction. In contrast, family-centered interventions
facilitate the implementation of other developmental strategies at home by enhancing parental

knowledge, confidence, and active participation.

Consequently, the existing evidence does not indicate that any single intervention approach is
superior to the others. Instead, these interventions may be considered complementary elements of a
comprehensive, family-centered developmental care model after NICU discharge. This classification
provides ‘a.structured overview of existing interventions and enables comparison of different
approaches regarding their objectives, implementation components, level of parental involvement, and
expected.outeomes, thereby improving understanding of the scope of post-discharge developmental

supportive care.

The results of this study align with findings from earlier reviews on early intervention and
neurodevelopmental care in preterm infants; however, the present study is distinguished by its
Reviews by Spittle et al. and Orton et al. primarily evaluated the effectiveness of early

interventions and reported beneficial effects on selected motor and cognitive outcomes.
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Nevertheless, heterogeneity in intervention types, timing of initiation, program intensity, and
assessment measures has limited the ability to draw definitive conclusions (9, 11). Similarly,
Griffith et al. highlighted the considerable diversity of post-discharge support programs and the
lack of a unified framework for their classification (8). In addition, Raghupathy et al. reported
that family-centered interventions may improve motor and neurobehavioral outcomes in preterm
infants; however, variations in program structure remain a major challenge in interpreting the
available evidence (31). Unlike these efficacy-focused reviews, the current study.aimed to
systematically identify and classify interventions by mapping their theoretical foundations,

implementation characteristics, and core components.

Within the domain of motor interventions, two main approaches were identified: interventions
based on Neuro-Developmental Treatment (NDT) and interventions emphasizing exploratory
play, active learning, and self-initiated movement (16-21). Traditional approaches primarily
focused on facilitating typical movement patterns and postural control, whereas more
contemporary approaches emphasized infant participation, interaction with the environment, and
experience-based learning. One example is the-Supporting Play Exploration and Early
Development Intervention (SPEEDI) program, which was developed on the basis of
environmental enrichment principles and the promotion of active infant engagement. This shift is
consistent with contemporary-neurodevelopmental perspectives that highlight the important role
of experience, environment, and active participation in the development of motor abilities (11,
32).

However, differences in intervention intensity and duration, the extent of parental involvement,
and the outcomes assessed make direct comparisons between studies challenging. For example,
while studies based on exploratory play and active parental involvement reported improvements
in motor. outcomes, the study by Cameron et al., which focused on Neuro-Developmental
Treatment, positioning strategies, and handling techniques, did not demonstrate significant
differences in infant motor performance. These discrepancies may be explained by differences in
intervention content, opportunities provided for active learning, level of parental participation, or

the sensitivity of assessment tools used to detect developmental changes (17).
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Regarding sensory interventions, identified programs mainly included multisensory stimulation
and Kangaroo Mother Care (KMC) (22, 23). The common rationale underlying these
interventions is the provision of structured sensory input that is appropriate to the processing
capacity of preterm infants. These programs aim to transform infants’ sensory experiences from
fragmented and potentially stressful events into predictable, supportive, and regulatory
experiences. As reported by Pineda et al., sensory interventions vary considerably in terms of
stimulus type, intensity, duration, timing, and implementation context (12). The findings of the
present study further support this variability and indicate that transferring' such interventions
from the NICU to the home environment depends not only on selecting. appropriate sensory

stimuli but also on parental education and adaptation of the intervention to family circumstances.

Within the domain of behavioral interventions, programs such-as the Infant Behavioral
Assessment and Intervention Program (IBAIP) and the TOP ‘programme for preterm infants
were primarily based on Als’s Synactive Theory (24-27). These interventions focused on
educating parents to observe and interpret infant behavioral cues and respond appropriately to
these signals. In this framework, parents are considered active participants in the intervention
process, and improving parent-infant interaction while supporting infant self-regulation

represents the primary pathway through which these interventions may exert their effects.

This finding is consistent with recent evidence emphasizing the importance of family-centered
care and the role of parent—infant interaction in developmental outcomes among preterm infants
(11, 31). Despite theoretical similarities among these programs, considerable variations were
observed in the number of intervention sessions, timing of initiation, follow-up duration, and
level of professional involvement. Moreover, although programs such as the TOP (Training of
Parents. / Transitioning of Premature) program are structured and comprehensive, their
implementation may be associated with practical and financial challenges due to the requirement

for frequent home visits.

In contrast, Kyng etal. found that a mother—infant interaction program did not produce
significant improvements in the cognitive, motor, or behavioral outcomes of preterm infants
(10). This discrepancy compared with other studies may be related to differences in intervention intensity

and duration, timing of initiation, follow-up period, sample characteristics, and assessment instruments.
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These findings suggest that reliance on a shared theoretical framework alone does not necessarily result in
consistent outcomes; rather, implementation characteristics and contextual factors may substantially

influence the effectiveness of behavioral interventions.

In family-centered interventions, the primary focus was on empowering parents, enhancing their
understanding of the characteristics and needs of preterm infants, increasing caregiving
confidence, and improving the quality of parent—infant interaction (28-30). Programs.such as
“Creating Opportunities for Parent Empowerment” (COPE) have demonstrated that previding
targeted information and structured education can reduce parental anxiety and improve parents’

readiness to assume caregiving responsibilities (28- 29).

However, the findings of this review indicate that some family-centered programs have mainly
focused on the NICU hospitalization period and provided limited continuity after discharge. In
contrast, the Positive Parenting Program (Triple P) for.nfants,provides a broader framework for
parenting support; nevertheless, its implementation in_different” healthcare settings requires

cultural adaptation, appropriate service infrastructure, and sufficient resources (30).

Furthermore, evidence suggests that the effectiveness of these interventions depends not only on
educational content but also on the_continuity of support and active parental involvement

following discharge, which are important factors contributing to successful implementation (31).

From a theoretical perspective, the reviewed interventions were based on diverse frameworks,
including neurodevelopmental theories, motor learning theories, the Synactive Theory, and
family-centered care principles. However, in some studies, the theoretical foundations
underlying .the interventions were not clearly described. Considerable variability was also
observed in-the outcomes assessed, with studies examining motor, cognitive, and behavioral
outcomes, as well as parent—infant interaction and parental psychological indicators. These
findings highlight the multidimensional nature of post-discharge developmental supportive
interventions, suggesting that their effects extend beyond infant development alone and include

family and psychological dimensions.

The present study complements previous reviews in several ways. Unlike earlier reviews that

primarily focused on intervention effectiveness (8, 9, 11, 31), this study employed a scoping
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review approach to systematically identify and classify interventions, their theoretical
foundations, program components, and assessed outcomes. The findings indicate that variations
among studies are not limited to intervention type; rather, differences in theoretical frameworks,
implementation characteristics, and selected outcomes also contribute to the observed
heterogeneity. By organizing existing interventions into four major domains, this study provides
a clearer understanding of the structure and scope of post-discharge developmental supportive

care.

From a practical perspective, the implementation of identified interventions within the Iranian
healthcare system requires careful consideration. Some programs, such.as®those involving
frequent specialist-led home visits or multi-component interventions with long-term follow-up,
require considerable human resources, time, and financial “investment. Therefore, their
widespread implementation in resource-limited settings may. be-challenging. In contrast, family-
centered interventions based on parent education and empowerment, Kangaroo Mother Care,
training parents to respond appropriately to infant behavioral cues, and programs incorporating
play and daily activities may have greater feasibility due to their lower costs, potential

integration into routine post-discharge services, and reliance on active parental participation.

Given the structure of the national healthcare system and the role of health centers in the
follow-up of high-risk infants, the development of family-centered and education-based models
may provide a practical and sustainable approach for expanding post-discharge developmental
care in Iran. Nevertheless, further.locally conducted studies are needed to evaluate the feasibility,
acceptability, and effectiveness of these interventions within the specific cultural and organizational

context ofiran.

Limitations

This scoping review was conducted to identify and classify developmental supportive
interventions for preterm infants following discharge from the neonatal intensive care unit;
however, the findings should be interpreted considering several limitations. First, the inherent

nature of scoping reviews is primarily focused on mapping and describing available evidence;
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Therefore, the quantitative assessment of intervention effectiveness, including meta-analysis,

was beyond the scope of this study.

Second, although a comprehensive search was conducted across major electronic databases, grey
literature-including dissertations, research reports, unpublished studies, and conference
proceedings-was not systematically searched. Consequently, some potentially relevant studies
may not have been captured, and the presence of publication bias cannot be ruled out.
Furthermore, limiting the search to articles published in Persian and.English may have

introduced language bias.

Furthermore, although screening and data extraction were performed. independently by two
researchers, the potential for bias in study selection, classification, and interpretation cannot be
entirely ruled out. Moreover, substantial heterogeneity among the included studies regarding
sample characteristics, timing of intervention initiation, ntervention intensity and duration,
extent of parental involvement, theoretical frameworks, and evaluated outcomes limited direct
comparisons across studies and hindered the identification of the most influential intervention

components.

In addition, some studies did not provide comprehensive details regarding the theoretical
foundations, active components of. the“interventions, or implementation procedures. Finally, in
line with the methodological framework of scoping reviews, the methodological quality and risk
of bias of the included studies were not formally evaluated. Therefore, the findings of this review
primarily reflect the scope, characteristics, and existing gaps in the evidence rather than the

quality or magnitude of intervention effectiveness.

Despite “these limitations, this study offers a comprehensive overview of developmental
supportive. interventions for preterm infants after discharge and may provide a basis for future
research as well as the development of family-centered programs in this area.

Conclusion

The findings of this scoping review suggest that developmental supportive interventions for
preterm infants after NICU discharge vary considerably in their theoretical bases, intervention
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components, implementation strategies, and targeted outcomes. However, these approaches
should not be regarded as isolated techniques; instead, they constitute complementary elements
within a broader framework of developmental care. The identified interventions were categorized
into four main domains: motor interventions, sensory interventions, behavioral interventions, and
family-centered parent empowerment programs. Each domain addresses a specific aspect of
preterm infant development, including neurodevelopmental capacity, sensory regulation, self-

regulation, parent—infant interaction, and parental caregiving competence.

The evidence synthesized in this review suggests that discharge from the NICU-should not be
considered the endpoint of developmental support, but rather the beginning of a‘critical transition
phase in which care is transferred to the home environment. Therefore, effective post-discharge
care requires an integrated, family-centered approach in which healthcare professionals function
not only as intervention providers but also as educators and facilitators.who empower parents to

participate actively in supporting their infant’s development.

From a clinical standpoint, these findings underscore the need for individualized intervention
planning that takes into account the infant’s_developmental profile, behavioral signals, and
capacity for self-regulation. Sensory regulation, motor activities, parent education, and support
for parent-infant interaction should be considered interconnected components rather than
separate therapeutic strategies. Interventions.should be implemented in a way that respects infant
stability, promotes active participation, and supports parents in integrating developmental care

strategies into daily routines.

Considering the_Iranian healthcare context, the development of structured, culturally adapted,
family-centered; and feasible post-discharge developmental care models is recommended. Such
models.may, incorporate standardized parent education packages, follow-up through high-risk
infant clinics, primary healthcare services, and telehealth-based support to improve accessibility

and continuity of care, particularly for families with limited access to specialized services.

Future research should aim to assess the feasibility, effectiveness, cost-effectiveness, and
long-term sustainability of these integrated developmental care models. Further studies are also

needed to identify the most effective intervention components and to examine outcomes beyond
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infant motor and cognitive development, including parent mental health, parental self-efficacy,
quality of parent—infant interaction, and family functioning. Overall, this review provides a
structured framework for understanding existing post-discharge developmental supportive
interventions and may serve as a foundation for designing evidence-informed and family-

centered care pathways for preterm infants.
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Recommendations

Based on the findings of this review and within the context of the Iranian healthcare system, it is
recommended that post-discharge developmental supportive programs for preterm infants be
designed as structured, family-centered, and low-cost interventions that can be incorporated into
existing healthcare pathways. Ideally, these programs should be initiated during NICU
hospitalization and before discharge, and continue afterward through high-risk infant follow-up
clinics, primary healthcare centers, telephone follow-up, digital communication platforms, or

telehealth services.

The content of these programs should emphasize practical parental education, including the
recognition and interpretation of infant behavioral and developmental cues, responsive
caregiving strategies, optimization of the home environment in.terms of light, noise, and sensory
stimulation, support for infant sleep and self-regulation, safe 'sensory and motor activities, and
promotion of parent—infant interaction. Furthermore, parental mental health support, particularly
maternal psychological well-being, should be considered an integral component of post-

discharge developmental care.

To enhance feasibility and accessibility within the Iranian healthcare system, the use of
standardized educational packages, simple visual resources, group-based training, telephone-
based follow-up, and.remote care approaches may facilitate wider access to developmental
support, particularly for families.living in underserved areas. Future research should investigate
the effectiveness, cost-effectiveness, and long-term sustainability of these interventions while
evaluating outcomes such as infant developmental trajectories, parental self-efficacy, parenting

stress,.and the quality of parent—infant interaction.
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