Table 1: Seach strategy
	Pubmed

	#1
	“Neonatal” [tiab]
OR “Infant” [tiab]
OR “newborn” [tiab]
OR “Prematur*” [tiab]
OR “Preterm” [tiab]

	#2
	“ICU” [tiab]
OR “ICUs” [tiab]
OR “Intensive Care” [tiab]
OR "Intensive Care Units"[Mesh]

	#3
	#1 AND #2

	#4
	"Intensive Care Units, Neonatal"[Mesh] 
OR "Intensive Care, Neonatal"[Mesh]
OR “NICUs” [tiab]
OR “NICU” [tiab]


	#5
	"Infant, Very Low Birth Weight"[Mesh] OR "Infant, Low Birth Weight"[Mesh] OR "Infant, Extremely Low Birth Weight"[Mesh] OR "low birth weight"[tiab] OR “VLBW”[tiab] OR “LBW”[tiab]

	#6
	#3 OR #4 OR #5

	#7
	
“Development*” [tiab]
OR “intervention” [tiab]
OR “interventions” [tiab]
OR “massage” [tiab]
OR “stimul*” [tiab]
OR “nest*” [tiab]
OR “cycled light*” [tiab]
OR “nurs*” [tiab]
OR “care” [tiab]
OR “mother-infant observation” [tiab]
OR “Handl*” [tiab]
OR “train*” [tiab]
OR “Noise” [tiab]
OR “FNI” [tiab]
OR “kangaroo” [tiab]
OR “sleep” [tiab]
OR “family” [tiab]
OR “skin” [tiab]

	#8
	“Systematic” [tiab]
OR “Meta” [tiab]

	#9
	#6 AND #7 AND #8

	((("Neonatal"[Title/Abstract] OR "Infant"[Title/Abstract] OR "newborn"[Title/Abstract] OR "prematur*"[Title/Abstract] OR "Preterm"[Title/Abstract]) AND ("ICU"[Title/Abstract] OR "ICUs"[Title/Abstract] OR "Intensive Care"[Title/Abstract] OR "Intensive Care Units"[MeSH Terms])) OR ("intensive care units, neonatal"[MeSH Terms] OR "intensive care, neonatal"[MeSH Terms] OR "NICUs"[Title/Abstract] OR "NICU"[Title/Abstract]) OR ("infant, very low birth weight"[MeSH Terms] OR "infant, low birth weight"[MeSH Terms] OR "infant, extremely low birth weight"[MeSH Terms] OR "low birth weight"[Title/Abstract] OR "VLBW"[Title/Abstract] OR "LBW"[Title/Abstract])) AND ("development*"[Title/Abstract] OR "intervention"[Title/Abstract] OR "interventions"[Title/Abstract] OR "massage"[Title/Abstract] OR "stimul*"[Title/Abstract] OR "nest*"[Title/Abstract] OR "cycled light*"[Title/Abstract] OR "nurs*"[Title/Abstract] OR "care"[Title/Abstract] OR "mother-infant observation"[Title/Abstract] OR "handl*"[Title/Abstract] OR "train*"[Title/Abstract] OR "Noise"[Title/Abstract] OR "FNI"[Title/Abstract] OR "kangaroo"[Title/Abstract] OR "sleep"[Title/Abstract] OR "family"[Title/Abstract] OR "skin"[Title/Abstract]) AND ("Systematic"[Title/Abstract] OR "Meta"[Title/Abstract])

	Web Of Science

	#1
	TS=(neonatal) OR TS=(infant) OR TS=(newborn) OR TS=(preterm) OR TS=(prematur*)

	#2
	TS=("ICU") OR TS=("ICUs") OR TS=("Intensive Care")

	#3
	#2 AND #1

	#4
	TS=("NICUs") OR TS=("NICU") OR TS=("low birth weight”) OR  TS=(“VLBW”) OR TS=(“LBW”)

	#5
	#3 OR #4

	#6
	TS=(“Development*”) OR TS=(“intervention”) OR TS=(“interventions”) OR TS=(“massage”) OR TS=(“stimul*”) OR TS=(“nest*”) OR TS=(“cycled light*”) OR TS=(“ nurs*”) OR TS=(“mother-infant observation”)  OR TS=(“care”) OR TS=(“Handl*”) OR TS=(“train*” ) OR TS=(“Noise”) OR TS=(“FNI”) OR TS=(“kangaroo”) OR TS=(“sleep”) OR TS=(“family”) OR TS=(“skin”)



	#7
	TS=("Systematic") OR TS=("Meta")

	#8
	#5 AND #6 AND #7    3,675 Documents

	)( ( ( (TS=(neonatal) OR TS=(infant) OR TS=(newborn) OR TS=(preterm) OR TS=(prematur*))  AND ( TS=("ICU") OR TS=("ICUs") OR TS=("Intensive Care")) )
OR
(TS=("NICUs") OR TS=("NICU") OR TS=("low birth weight”) OR  TS=(“VLBW”) OR TS=(“LBW”)))
AND
( TS=(“Development*”) OR TS=(“intervention”) OR TS=(“interventions”) OR TS=(“massage”) OR TS=(“stimul*”) OR TS=(“nest*”) OR TS=(“cycled light*”) OR TS=(“nurs*”) OR TS=(“mother-infant observation”) OR TS=(“care”)  OR TS=(“Handl*”) OR TS=(“train*” ) OR TS=(“Noise”) OR TS=(“FNI”) OR TS=(“kangaroo”) OR TS=(“sleep”) OR TS=(“family”) OR TS=(“skin”)))
AND
(TS=("Systematic") OR TS=("Meta")))


	Cochrane library

	#1
	(“Neonatal”):ti,ab,kw OR (“Infant”):ti,ab,kw OR (“newborn”):ti,ab,kw OR (“Premature”):ti,ab,kw OR ("preterm"):ti,ab,kw OR (“Prematurity”):ti,ab,kw (Word variations have been searched)

	#2
	MeSH descriptor: [Intensive Care Units] explode all trees

	#3
	("ICU"):ti,ab,kw OR ("ICUs"):ti,ab,kw OR (“Intensive Care”):ti,ab,kw (Word variations have been searched)

	#4
	#1 AND (#2 OR #3)

	#5
	(“NICUs”):ti,ab,kw OR ("NICU"):ti,ab,kw

	#6
	MeSH descriptor: [Infant, Very Low Birth Weight] explode all trees

	#7
	[bookmark: _Hlk187220987]MeSH descriptor: [Infant, Low Birth Weight] explode all trees

	#8
	MeSH descriptor: [Infant, Extremely Low Birth Weight] explode all trees

	#9
	("low birth weight"):ti,ab,kw OR ("VLBW”):ti,ab,kw OR (“LBW"):ti,ab,kw

	#10
	#6 OR #7 OR #8 OR #9

	#11
	MeSH descriptor: [Intensive Care, Neonatal] explode all trees

	#12
	MeSH descriptor: [Intensive Care Units, Neonatal] explode all trees

	#13
	#5 OR #10 OR #11 OR #12

	#14
	#13 OR #4

	#15
	("systematic"):ti,ab,kw OR (meta):ti,ab,kw

	#16
	(Development):ti,ab,kw OR ("care"):ti,ab,kw OR (intervention):ti,ab,kw OR (stimul):ti,ab,kw OR ("massage"):ti,ab,kw (Word variations have been searched)

	#17
	(nest):ti,ab,kw OR (cycled light):ti,ab,kw OR ("nurse"):ti,ab,kw OR ("mother-infant observation"):ti,ab,kw OR (Handl):ti,ab,kw (Word variations have been searched)

	#18
	("Mother training"):ti,ab,kw OR ("Noise "):ti,ab,kw OR ("FNI"):ti,ab,kw OR ("kangaroo"):ti,ab,kw OR ("sleep"):ti,ab,kw (Word variations have been searched)

	#19
	("family"):ti,ab,kw OR ("skin"):ti,ab,kw

	#20
	#16 OR #17 OR #18 OR #19

	#21
	#14 AND #15 AND #20

	Scopus


	1. 
	( TITLE-ABS-KEY ( "Neonatal" ) OR TITLE-ABS-KEY ( "Infant" ) OR TITLE-ABS-KEY ( "newborn" ) OR TITLE-ABS-KEY ( prematur* ) OR TITLE-ABS-KEY ( "Preterm" ) )

	2. 
	( TITLE-ABS-KEY ( "ICU" ) OR TITLE-ABS-KEY ( "ICUs" ) OR TITLE-ABS-KEY ( "Intensive Care" ) )

	3. 
	#1 AND #2

	4. 
	( TITLE-ABS-KEY ( "NICUs" ) OR TITLE-ABS-KEY ( "NICU" ) )

	5. 
	( TITLE-ABS-KEY ( " low birth weight " ) OR TITLE-ABS-KEY ( "VLBW" ) AND TITLE-ABS-KEY ( "LBW" ) )

	6. 
	#3 OR #4 OR #5

	7. 
	( TITLE-ABS-KEY ( ( "Development*" ) ) OR TITLE-ABS-KEY ( ( "intervention" ) ) OR TITLE-ABS-KEY ( ( "interventions" ) ) OR TITLE-ABS-KEY ( ( "massage" ) ) OR TITLE-ABS-KEY ( ( "stimul*" ) ) OR TITLE-ABS-KEY ( ( "nest*" ) ) OR TITLE-ABS-KEY ( ( "cycled light*" ) ) OR TITLE-ABS-KEY ( ( "nurs*" ) ) OR TITLE-ABS-KEY ( ( "mother-infant observation" ) ) OR TITLE-ABS-KEY ( ( "care" ) ) OR TITLE-ABS-KEY ( ( "Handl*" ) ) OR TITLE-ABS-KEY ( ( "train*" ) ) OR TITLE-ABS-KEY ( ( "Noise" ) ) OR TITLE-ABS-KEY ( ( "FNI" ) ) OR TITLE-ABS-KEY ( ( "kangaroo" ) ) OR TITLE-ABS-KEY ( ( "sleep" ) ) OR TITLE-ABS-KEY ( ( "family" ) ) OR TITLE-ABS-KEY ( ( "skin" ) ) )


	8. 
	( TITLE-ABS-KEY ( "systematic" ) OR TITLE-ABS-KEY ( "meta" ) )


	9. 
	#6 AND #7 AND #8

	( ( TITLE-ABS-KEY ( "systematic" ) OR TITLE-ABS-KEY ( "meta" ) ) ) AND ( ( TITLE-ABS-KEY ( ( "Development*" ) ) OR TITLE-ABS-KEY ( ( "intervention" ) ) OR TITLE-ABS-KEY ( ( "interventions" ) ) OR TITLE-ABS-KEY ( ( "massage" ) ) OR TITLE-ABS-KEY ( ( "stimul*" ) ) OR TITLE-ABS-KEY ( ( "nest*" ) ) OR TITLE-ABS-KEY ( ( "cycled light*" ) ) OR TITLE-ABS-KEY ( ( "nurs*" ) ) OR TITLE-ABS-KEY ( ( "mother-infant observation" ) ) OR TITLE-ABS-KEY ( ( "care" ) ) OR TITLE-ABS-KEY ( ( "Handl*" ) ) OR TITLE-ABS-KEY ( ( "train*" ) ) OR TITLE-ABS-KEY ( ( "Noise" ) ) OR TITLE-ABS-KEY ( ( "FNI" ) ) OR TITLE-ABS-KEY ( ( "kangaroo" ) ) OR TITLE-ABS-KEY ( ( "sleep" ) ) OR TITLE-ABS-KEY ( ( "family" ) ) OR TITLE-ABS-KEY ( ( "skin" ) ) ) ) AND ( ( ( TITLE-ABS-KEY ( " low birth weight " ) OR TITLE-ABS-KEY ( "VLBW" ) AND TITLE-ABS-KEY ( "LBW" ) ) ) OR ( ( TITLE-ABS-KEY ( "NICUs" ) OR TITLE-ABS-KEY ( "NICU" ) ) ) OR ( ( ( TITLE-ABS-KEY ( "ICU" ) OR TITLE-ABS-KEY ( "ICUs" ) OR TITLE-ABS-KEY ( "Intensive Care" ) ) ) AND ( ( TITLE-ABS-KEY ( "Neonatal" ) OR TITLE-ABS-KEY ( "Infant" ) OR TITLE-ABS-KEY ( "newborn" ) OR TITLE-ABS-KEY ( prematur* ) OR TITLE-ABS-KEY ( "Preterm" ) ) ) ) )






Table 2. Characteristics and summary of the included studies
	First Author & Publication Year
	Objective(s)
	Reporting guideline
	Setting/context
	Databases Searched
	Number/ Types of Included Studies
	Years Included
	Quality Assessment Tool
	Meta-analysis (Yes/No)

	E. Jacobs et al.,
2002 (35)
	To systematically review the effectiveness of the NIDCAP as compared with conventional care to improve long-term neurodevelopmental outcomes or short-term medical and neurodevelopmental outcomes in preterm and/or low birth weight infants.
	Cochrane Neonatal Review Group guidelines
	NICU in Canada, Sweden, USA
	MEDLINE, EMBASE, CINAHL, PsycINFO, Cochrane Controlled Trials Register, references list of publications
	10; RCTs, prospective cohort
	1994-2002
	Neonatal Cochrane Review Group criteria,
Jadad scale,
No tool for cohort studies
	No

	Vickers et al., 2004 (46)
	To assess whether massage intervention improves growth and development in preterm and/or low birth-weight infants.
	Cochrane methodology
	NICU or post-NICU nursery settings; primarily USA, India, China, Philippines, Ecuador, Israel
	Cochrane Neonatal Group Specialized Register, CENTRAL (Cochrane Library Issue 4, 2003), MEDLINE (1966-2003), Embase (1980-2003), CINAHL (1982-2003), Index to Theses, Dissertation Abstracts, CCTR, Oxford Database of Perinatal Trials, expert informants, previous reviews including cross-references.
	14; RCTs, quasi-RCTs.
	1969-2000
	Cochrane Risk of Bias tool
	Yes

	J Symington et al.,
2006 (11)
	In preterm infants, do developmental care interventions reduce neurodevelopmental delay, poor weight gain, length of hospital stays, length of mechanical ventilation, physiological stress and other clinically relevant adverse outcomes?
	Cochrane methodology
	NICU in USA, Canada, Sweden, Netherlands, Israel
	MEDLINE, CINAHL, Cochrane Central Register of Controlled Trials (CENTRAL, The Cochrane Library), conference/symposia proceedings, EMBASE
	36, RCTs
	1975-2004
	Assessed on blinding of randomization,
intervention, outcome measurement,
completeness of follow-up,
co-intervention bias,
objective criteria,
defined inclusion/exclusion criteria
	Yes

	Legendre et al.,
2011 (38)
	To research current literature documenting the short-term effects of developmental care
	NM
	NICU in USA, Sweden, Netherlands
	PubMED, CINAHL, PsychINFO
	15; RCTs 
	1990 to 2009
	AACPDM
	No

	Badr et al., 2015 (24)
	To evaluate the efficacy of massage on the short- and long-term outcomes of preterm infants.
	PRISMA 
	NICU settings in hospitals, across four continents: Asia, Middle East, Hong Kong, India, South America, Europe, and North America 
	MEDLINE, EMBASE, CINAHL Plus, The Cochrane Library, Dissertation Abstracts, Wiley Online Library, Google Scholar
	34; RCTs, quasi-experimental, pilot RCT
	2002-2014
	Cochrane Risk of Bias tool
	Yes

	Álvarez et al.,
2017 (23)
	To evaluate and summaries studies on the administration of therapeutic massage to preterm neonates during their stay in the NICU
	PRISMA
	NICU in USA, Brazil, Iran, India, Taiwan
	Medline, PEDro, Web of Science, Scopus
	23, RCTs
	2005- 2013
	Jadad Scale
	No

	Burke et al.,
2018 (28)
	To determine the effects of developmental care interventions initiated in the NICU setting on neurodevelopmental outcomes of premature infants.
	PRISMA
	NICU in USA, Canada, Netherlands, Lebanon, Taiwan, Australia, and Israel
	Google Scholar, Cumulative Index of Nursing and Applied Health Literature, PubMed, Cochrane databases
	19, RCTs and quasi-experimental designs
	2008- 2015
	Cochrane Risk of Bias tool
	No

	Akbari et al., 2018(22)
	To examine the relationship between KMC and infant/toddler biopsychosocial outcomes
	NM
	Primarily hospital and community settings in developing countries (Colombia, India, Ethiopia) with some in developed countries (Sweden, USA)
	PubMed, MEDLINE (OvidSP), MEDLINE in Process (OvidSP), Embase (OvidSP), PsycINFO (OvidSP), AMED (OvidSP)
	13; RCTs and non-RCT
	2001-2014
	Defined sample,
Representative sample,
Outcome rater blinding
Selection of control group
Adequate sample size
Relevant data reported
Valid outcome measure
	Yes

	Barlow J et al.,
2018(25)
	To assess the effects of an intervention using the NBAS or NBO for improving outcomes in infants and their parents/caregivers.
	Cochrane methodology
	Hospital (NICU/postnatal wards) and community/home settings, primarily in high-income countries 
	MEDLINE, Embase, CINAHL, PsycINFO, Sociological Abstracts, Social Science Citation Index, ASSIA, British Nursing Index, ChildData, Social Work Abstracts, Social Care Online, National Criminal Justice Reference Services Abstracts, ERIC, Sociological Abstracts, Academic Search Premier, BiblioMap, Health Promis, EPPI-Centre Trials Register of Promoting Health Interventions (TRoPHI), mRCT, UKCRN Portfolio Database, Cochrane Central Register of Controlled Trials, DARE, HTA, NHS EED, CENTRAL
	14; RCTs
	1981-2015
	Cochrane Risk of Bias tool
	Yes

	Best et al., 2018 (27)
	To examine the evidence regarding language exposure, both measured (observational) and prescribed (interventional), in preterm infants (<37 weeks) cared for in neonatal units and to identify optimal exposure levels to promote neurodevelopment.
	PRISMA
	NICU in various countries (USA, Australia)
	PubMed, MEDLINE, Joanna Briggs, CINAHL, Cochrane databases, Google Scholar.
	16; observational, interventional 
	1978-2017
	Effective Public Health Practice Project Qualitative Assessment Tool for Quantitative Studies
	No

	Veenendaal et al.,
2019 (43)
	To assess outcomes of preterm infants hospitalized in single family rooms compared with common open bay units
	PRISMA
	NICU in Developed countries
	MEDLINE, Embase, PsycInfo, CENTRAL, Web of Science, ClinicalTrials.gov
	13; RCTs, non-randomized controlled trials
	2004-2018
	Cochrane Risk of Bias tool,
ROBINS-I
	Yes

	Ding et al., 2019 (31)
	To review RCTs to determine the effects of FCC interventions on preterm infants' and parental outcomes in the NICUs
	PRISMA
	NICU settings in hospitals, with studies from various countries including USA, UK, Sweden, Canada, Australia, New Zealand, Iran, India, Taiwan, and China
	Medline, CINAHL, Embase, PsycINFO, BNI, AMED, CNKI, Wanfang Data
	19; RCTs
	2006–2018
	Cochrane Risk of Bias tool
	Yes

	Soleimani et al.,
2020 (18)
	To determine the effect of various types of developmental care interventions on the neurodevelopmental outcomes of preterm infants, as measured by the BSID
	PRISMA
	NICU settings in USA, Canada, Switzerland, Netherlands, and Brazil
	PubMed, EMBASE (through OVID), CINAHL (through EBSCO), Scopus, Web of Science, Cochrane library
	21; RCTs
	1974-2017
	Cochrane Risk of Bias tool, GRADE
	Yes

	Aita et al. 2021 (21)
	To evaluate the effectiveness of interventions initiated during NICU hospitalization on preterm infants' early neurodevelopment during their hospitalization and up to two weeks corrected age
	PRISMA
	NICU in USA, Canada, Italy, China, Taiwan, Iran, and Sweden
	CINAHL, MEDLINE, PubMed, EMBASE (OVID), Cochrane Systematic Reviews, CENTRAL, Web of Science, Scopus, ProQuest; trial registries (e.g., clinicaltrials.gov); grey literature (opengrey.eu, greylit.org);
	12; RCTs
	2002–2020
	Cochrane Risk of Bias tool,
GRADE
	Yes

	Kim et al., 2022 (36)
	To synthesize the key components of attachment- and relationship-based interventions for preterm/low-birth weight infants and their families in the NICU, and to determine their effects on mother–infant bonding, attachments, and relationships; parental psychosocial or mental health; and infants’ growth and developmental outcomes
	PRISMA
	NICU in the USA, UK, India, Turkey, Sweden, Netherlands, Australia, South Korea, and Taiwan, Switzerland, Ireland
	PubMed, MEDLINE, Embase (OVID), PsycINFO, CINAHL, Cochrane Database of Systematic Reviews; gray literature via ProQuest, Dissertations and Theses, OpenGREY, Gray Literature Report, Google Scholar
	15; RCTs
	2001-2021
	Cochrane Risk of Bias tool-2,

	Yes

	North et al. 2022 (40)
	To assess effects of interventions to increase family involvement in the routine newborn care of preterm or LBW infants compared with standard NICU care on infant and parental outcomes.
	PRISMA
	NICU in middle-income countries (China, Iran, India) and in high-income countries (Sweden, Canada, New Zealand, Australia, Taiwan, South Korea, USA)
	Medline, Embase (Elsevier), CINAHL (EBSCO), World Health Organization Global Index Medicus
	15; RCTs 
	1972–2021
	Cochrane Risk of Bias tool-2,
GRADE
	Yes

	Embarek-Hernández et al.,
2022(32)
	To evaluate the evidence about the effects of a multisensory stimulation program, applied on preterm infants, compared to any intervention or standard care, to improve feeding behavior, and psychomotor development.
	NM
	NICU settings 
Country: NM
	Medline (PubMed, EBSCO), Scopus, Web Of Science
	9; RCTs
	2015-2021
	PEDro scale
	No

	Sivanandan et al.,
2023 (42)
	To compare the effects of KMC vs conventional care and early (within 24 hours of birth) vs late initiation of KMC on critical outcomes such as neonatal mortality, severe infection, hypothermia, exclusive breastfeeding rates, and neurodevelopmental impairment in preterm or low birth weight infants.
	PRISMA
	NICU and community/home-based; primarily in low- and middle-income countries and in high-income countries.
	PubMed, Embase, Cochrane CENTRAL, CINAHL, Global Index Medicus, Scopus, Web of Science, Maternity and Infant Care Database
	31; RCTs
	1983–2022
	Cochrane Risk of Bias tool,
GRADE
	Yes

	Haslbeck et al.,
2023(34)
	To determine whether musical and vocal interventions improve neurodevelopmental outcomes in preterm infants (born before 37 weeks' gestation) compared with standard care.
	Cochrane methodology
	NICUs level 1-3 in Europe, Middle East, USA, Asia, Australia, South America.
	MEDLINE, Embase, CINAHL, PsycINFO, Cochrane CENTRAL, Web of Science, RILM Abstracts of Music Literature, trial registries (ClinicalTrials.gov, WHO ICTRP), reference lists, grey literature. ERIC, ProQuest
	25; RCTs (parallel-group, cross-over).
	1988-2021
	Cochrane Risk of Bias tool,
GRADE
	Yes

	Carneiro et al.,
2024 (30)
	To evaluate the effects of Nest Positioning on motor development, sleep patterns, and weight gain in preterm newborns hospitalized in a NICU
	PRISMA
	NICU in Asia, Europe, North USA, and Brazil
	PubMed, Web of Science, Scopus, Virtual Health Library
	12; RCTs, crossover, quasi-experimental designs
	1997-2022
	PEDro scale
	No

	Burstein et al.,
2024 (29)
	Through a large-scale meta-analysis, explore the association between prematurity-related complications, neonatal care quality, and cognitive development from birth until 7 years.
	PRISMA
	Global (36 countries, mostly North America, Europe, Oceania; underrepresentation of Asia, South America, Africa); NICU/hospital follow-up settings.
	MEDLINE, APA PsycInfo, EBSCO
	161; observational (primarily cohort studies)
	1970-2022
	Modified Newcastle-Ottawa Scale
	Yes

	Moran et al., 2024(39)
	To systematically categorize evidence on the types of early visual stimulation applied to preterm infants (PTIs) admitted to neonatal intensive care units (NICUs), aiming to improve visual function parameters.
	PRISMA
	NICU settings in hospitals, primarily in Iran, Italy, USA, India 
	MEDLINE via PubMed, MEDLINE Complete via EBSCOHost, Embase, CINAHL
	8; RCTs, quasi-experimental.
	2013-2021
	JBI Checklist for Randomized Controlled Trials


	No

	Bernabe-Zuniga et al., 2025 (26)
	To evaluate the efficacy of early family-based interventions on motor, cognitive, and language development.
	PRISMA
	NICU and post-discharge home settings 
Country: NM
	PubMed, Medline, PEDro, Scopus, CINAHL Complete, SciELO, Open Grey
	12; RCTs, observational studies 
	2013-2023
	PEDro,
STROBE,
GRADE
	Yes

	Kocakabak et al.,
2025(37)
	To identify outcomes, outcome measures, and time-points reported in experimental studies testing FCC interventions in neonatal care units.
	PRISMA
	NICU settings
Country: NM
	MEDLINE, EMBASE, CINAHL, Cochrane, PsycINFO, Scopus, JBI, Lilacs, SciELO
	42; RCTs, Quasi experimental, Cohort
	2000-2023
	JBI Checklist for Randomized Controlled Trials
	No

	Han et al., 2025 (33)
	To evaluate the impact of KMC on growth parameters and neurobehavioral development in preterm infants, while considering evidence quality.
	PRISMA
	NICU and resource-limited healthcare settings worldwide; China, Brazil, USA, India, Egypt, Colombia, and Canada, Turkey, Pakistan, The Philippines, Kenya
	PubMed, EBSCO, Cochrane Central, Embase, Web of science, Google scholar
	17; RCTs, cohort studies, quasi-experimental
	2001-2023
	Cochrane Risk of Bias tool-2, Newcastle-Ottawa Scale,
GRADE
	yes

	Raghupathy et al., 2025 (41)
	To assess the effectiveness of family-centered care (FCC) interventions on motor and neurobehavior development of very preterm infants.
	PRISMA
	NICU, hospital, home, or community settings; mostly high-income countries (USA, Australia, Netherlands), with two in middle-income (Iran, China).
	Medline (PubMed), Cochrane Central, Scopus, CINAHL, Web of Science; grey literature: WHO ICTRP, ProQuest, ClinicalTrials.gov, mRCT, EU CTR.
	17 studies (21 publications); RCTs and quasi-RCTs.
	2010 - 2022
	Cochrane Risk of bias tool-2,
GRADE
	Yes

	Chanpura et al.,
2025(45)
	To examine various positioning practices and their effects on neuromotor development in preterm infants admitted to the NICU.
	PRISMA
	NICU settings
Country: NM
	PubMed, MEDLINE, CINAHL, DARE, ScienceDirect, Embase
	11, primarily RCTs, quasi-experimental, prospective, and exploratory studies
	2003-2021
	Mixed Methods Appraisal Tool
	No

	Armakola et al.,
2025 (44)
	To assess the effect of music therapy and neurological music therapy initiated during NICU hospitalization on early neurodevelopment of preterm infants, and to evaluate its impact on functional improvements in children with neurological deficits (e.g., static CNS lesions like cerebral palsy, cognitive disorders).
	PRISMA
	Primarily NICU for preterm infants; broader settings (rehabilitation, hospitals)
Country: NM
	MEDLINE, PubMed Central, Scopus.
	18; RCTs
	2012-2022
	PEDro scale
	No


Abbreviations: JBI, Joanna Briggs Institute Critical Appraisal Checklist; PEDro, Physiotherapy Evidence Database scale; STROBE, Strengthening the Reporting of Observational Studies in Epidemiology; ROBINS-I, Risk of Bias in Non-randomized Studies of Interventions; AACPDM, American Academy for Cerebral Palsy and Developmental Medicine; RCT, randomized controlled trial; NICU, neonatal intensive care unit; NIDCAP, Newborn Individualized Developmental Care and Assessment Program; NDSC, Neuroprotective Developmentally Supportive Care model; PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses; NM, not mentioned; FCC, family-centered care; KMC, Kangaroo Mother Care; BSID, Bayley Scales of Infant Development; NBAS, Neonatal Behavioral Assessment Scale; NBO, Newborn Behavioral Observations; LBW, low birth weight; CENTRAL, Cochrane Central Register of Controlled Trials; GRADE, Grading of Recommendations Assessment, Development and Evaluation; QUADAS-2, Quality Assessment of Diagnostic Accuracy Studies-2; AMED, Allied and Complementary Medicine Database; AMSTAR 2, A Measurement Tool to Assess Systematic Reviews 2; CNKI, China National Knowledge Infrastructure; ICTRP, International Clinical Trials Registry Platform; EU CTR, European Union Clinical Trials Register; mRCT, meta Register of Controlled Trials; CNS, central nervous system

Table 3: The quality appraisal of the included systematic reviews
	First Author & Publication Year
	1.PICO
	2.Protocol
	3. Study Design
	4. Comprehensive literature Search 
	5.Duplicate study selection
	6. Duplicate data extraction
	7. Justification of excluded studies
	8. data extraction
	9. Risk of Bias
	10. Sources of Funding
	11. Appropriate Meta-analysis method
	12. Impact of RoB on meta-analysis
	13.Consideration of ROB in result
	14. Heterogeneity
	15. Publication bias
	16. Conflict of interest
	Overall Rating

	E. Jacobs et al.,
2002 (34)
	Y
	N
	Y
	PY
	Y
	Y
	Y
	Y
	PY
	N
	NMA
	NMA
	N
	N
	NMA
	Y
	Critically Low

	Vickers et al., 2004 (45)
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	N
	Y
	Y
	Y
	Y
	N
	Y
	Low

	J Symington et al.,
2006 (13)
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	PY
	N
	Y
	N
	N
	Y
	N
	Y
	Critically Low

	Legendre et al.,
2011 (37)
	
Y
	N
	Y
	PY
	N
	Y
	N
	Y
	N
	N
	NMA
	NMA
	N
	Y
	NMA
	Y
	Critically Low

	Badr et al., 2015 (23)
	Y
	N
	Y
	Y
	Y
	Y
	N
	Y
	PY
	N
	Y
	Y
	Y
	Y
	N
	Y
	Critically Low

	Álvarez et al.,
2017 (22)
	Y
	PY
	Y
	PY
	Y
	Y
	N
	Y
	N
	N
	NMA
	NMA
	N
	N
	N
	Y
	Critically Low

	Burke et al.,
2018 (27)
	Y
	N
	Y
	PY
	N
	N
	N
	Y
	Y
	N
	NMA
	NMA
	Y
	N
	NMA
	Y
	Critically Low

	Akbari et al., 2018(21)
	Y
	N
	Y
	Y
	Y
	Y
	N 
	Y
	N 
	N
	Y
	N
	N
	Y
	Y
	Y
	Critically Low

	Barlow J et al.,
2018(24)
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	N
	Y
	Y
	N
	Y
	Low

	Best et al., 2018 (26)
	Y
	N
	Y
	N
	N
	N
	N
	Y
	PY
	N
	NMA
	NMA
	Y
	Y
	NMA
	Y
	Critically Low

	Veenendaal et al.,
2019 (42)
	Y
	Y
	Y
	Y
	Y
	Y
	N
	Y
	Y
	N
	Y
	Y
	Y
	Y
	Y
	Y
	Low

	Ding et al., 2019 (30)
	Y
	N
	Y
	Y
	Y
	Y
	N
	Y
	Y
	N
	Y
	Y
	Y
	Y
	N
	Y
	Critically Low

	Soleimani et al.,
2020 (18)
	Y
	Y
	Y
	PY
	Y
	Y
	Y
	Y
	Y
	N
	Y
	Y
	Y
	Y
	Y
	Y
	High

	Aita et al. 2021 (3)
	Y
	Y
	Y
	Y
	Y
	Y
	N
	Y
	Y
	N
	Y
	Y
	Y
	Y
	N
	Y
	Critically Low

	Kim et al., 2022 (35)
	Y
	Y
	Y
	Y
	Y
	Y
	N
	Y
	Y
	N
	Y
	Y
	Y
	Y
	Y
	Y
	Low

	North et al. 2022 (39)
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	N
	Y
	Y
	Y
	Y
	Y
	Y
	High

	Embarek-Hernández et al.,
2022(31)
	Y
	N
	Y
	PY
	Y
	Y
	N
	Y
	Y
	N
	NMA
	NMA
	N
	N
	N
	Y
	Critically Low

	Sivanandan et al.,
2023 (41)
	Y
	Y
	Y
	Y
	Y
	Y
	N
	Y
	Y
	N
	Y
	Y
	Y
	Y
	Y
	Y
	Low

	Haslbeck et al.,
2023(33)
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	N
	Y
	Y
	Y
	Y
	Y
	Y
	High

	Carneiro et al.,
2024 (29)
	Y
	N
	Y
	PY
	Y
	Y
	N
	Y
	PY
	N
	NMA
	NMA
	N
	N
	NMA
	Y
	Critically Low

	Burstein et al.,
2024 (28)
	Y
	Y
	Y
	Y
	Y
	Y
	PY
	Y
	N
	N
	Y
	N
	N
	Y
	Y
	Y
	Critically Low

	Moran et al., 2024(38)
	Y
	Y
	Y
	P Y
	Y
	P Y
	N
	Y
	PY
	N
	NMA
	NMA
	N
	N
	NMA
	Y
	Critically Low

	Bernabe-Zuniga et al., 2025 (25)
	Y
	Y
	Y
	PY
	Y
	Y
	N
	Y
	PY
	N
	Y
	N
	N
	Y
	N
	Y
	Critically Low

	Kocakabak et al.,
2025(36)
	Y
	PY
	Y
	Y
	Y
	Y
	PY
	Y
	PY
	N
	NMA
	NMA
	N
	Y
	NMA
	Y
	Low

	Han et al., 2025 (32)
	Y
	Y
	Y
	PY
	Y
	Y
	Y 
	Y
	Y
	N
	Y
	Y
	Y
	Y
	Y
	Y
	High

	Raghupathy et al., 2025 (40)
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	N
	Y
	Y
	Y
	Y
	N
	Y
	Low

	Chanpura et al.,
2025(44)
	Y
	Y
	Y
	PY
	Y
	Y
	N
	PY
	PY
	N
	NMA
	NMA
	N
	N
	NMA
	Y
	Critically Low

	Armakola et al.,
2025 (43)
	Y
	Y
	Y
	PY
	Y
	Y
	N
	Y
	Y
	N
	NMA
	NMA
	N
	Y
	NMA
	Y
	Critically Low



Table 4: Characteristics and Outcome Performance of the included studies

	First Author & Publication Year
	Participants (characteristics/total Number)
	Type of intervention
	Type of developmental assessment
	Main Outcomes and follow up time
	Results/findings
	Heterogeneity
	Overall Rating

	E. Jacobs et al.,
2002 (35)
	Preterm infants <37 weeks' gestation or <2500 g at birth; total Number: 136 in RCTs and 185 in cohort studies
	Developmental care based on the NIDCAP framework, including environmental modifications, positioning aids, clustering of care, self-regulation support, and parental involvement
	BSID (MDI, PDI) at 9-, 12-, and 24-months corrected age
	Short-term and long-term neurodevelopmental outcomes (MDI/PDI)
	Improved MDI at 9-12 months (WMD 16.58, 95% CI 9.33-23.82); PDI at 9-12 months (WMD 9.24, 95% CI 0.68-17.81); no significant effect at 24 months
	NR
	Critically Low

	Vickers et al., 2004 (46)
	Preterm infants (<37 weeks GA) and/or low birth-weight infants (<2500 g); total Number: 557
	Massage therapy: tactile stimulation with or without kinesthetic stimulation
	BSID MDI/PDI, Griffiths, NBAS
	Neurodevelopmental outcomes up to 12 months corrected age
	Improved short-term NBAS orientation (SMD 0.51) and motor performance (SMD 0.44); no consistent long-term effects on BSID MDI/PDI at 6–12 months
	Low to moderate
	Low

	J Symington et al.,
2006 (11)
	Preterm infants born before 37 weeks' gestation, usually <32 weeks; total Number: 2220
	Developmental care interventions including NIDCAP, positioning, vestibular, auditory, visual and tactile stimulation
	BSID (MDI, PDI), NBAS, APIB, INFANIB, etc.
	Neurodevelopmental outcomes (cognitive, motor, behavioral) up to 5 years
	NIDCAP improved MDI at 9 months (WMD 16.43) and 12 months (WMD 13.86), PDI at 9 months (WMD 19.53); positive effects on behavior and movement quality at 5 years
	NM
	Critically Low

	Legendre et al.,
2011 (38)
	Preterm infants born <37 weeks gestational age
	Individualized developmental care and NIDCAP (control of external stimuli, clustering care, positioning, family involvement)
	APIB, BSID (MDI, PDI)
	Short-term neurodevelopmental outcomes (behavioral organization, self-regulation, motor control)
	Consistent positive effects on behavioral organization, self-regulation, motor control, and attention (higher APIB scores)
	NR
	Critically Low

	Badr et al., 2015 (24)
	Preterm infants (<37 weeks), LBW and VLBW; ~2,000+ participants
	Moderate Pressure Massage or Tactile Stimulation ± Kinesthetic Stimulation
	BSID, NBAS, Griffiths
	Mental development scores and neurobehavioral states (up to 24 months)
	Improved mental development scores (MD 7.89, 95% CI 0.96–14.82)
	High
	Critically Low

	Álvarez et al.,
2017 (23)
	Preterm neonates <37 weeks, hospitalized in NICU; total Number: 1,188
	Therapeutic massage (tactile and/or kinesthetic stimulation)
	NBAS, BSID-II, TIMP
	Behavioral and motor development
	Improvements in motor function (higher TIMP scores) and neurodevelopment (better BSID-II at 2 years); positive effects on alertness and behavioral organization
	NR
	Critically Low

	Burke et al.,
2018 (28)
	Preterm infants usually <32 weeks; Total Number: 1370
	NIDCAP, Family Nurture Intervention, KMC, massage, cues-based programs
	BSID-II/III, CBCL, ADOS, etc.
	Cognitive, language, attention, executive function, emotional/behavioral outcomes (up to 9 years)
	Family Nurture Intervention showed strongest improvements in cognitive, language scores and attention; mixed results for NIDCAP
	NR
	Critically Low

	Akbari et al., 2018(22)
	Preterm infants with Low birth weight
	Kangaroo Mother Care (skin-to-skin contact, breastfeeding support)
	BSID, Infant Regulatory Scoring System
	Cognitive, motor, self-regulation, socio-emotional (up to 12 months)
	Improved self-regulation (r = 0.18, 95% CI 0.06–0.28); longer duration associated with better cognitive and motor development
	Substantial
	Critically Low

	Barlow J et al.,
2018(25)
	Preterm and full-term infants; total Number: 1,056
	NBAS or NBO sessions for caregiver sensitivity
	BSID and other scales
	Infant social/emotional/cognitive/motor development (up to 24 months)
	Possible benefits in caregiver-infant interaction (SMD 0.63); no clear effects on infant development
	Moderate to high
	Low

	Best et al., 2018 (27)
	Preterm infants (<37 weeks GA)
	Language exposure (measured and prescribed)
	BSID and neurodevelopmental scales
	Cognition and language development
	Higher language exposure associated with better language and cognitive outcomes at 18-24 months (limited evidence)
	NR
	Critically Low

	Veenendaal et al.,
2019 (43)
	Preterm infants; Total Number: 4793
	Single family rooms vs open bay units
	BSID-III at 18-24 months
	Cognitive neurodevelopment at 18-24 months
	No significant difference in cognitive neurodevelopment (MD 1.04, 95% CI -3.45 to 5.52)
	I²=42%
	Low

	Ding et al., 2019 (31)
	Preterm infants ≤37 weeks; total number: 4478
	Family-Centered Care interventions
	NBNA, NAPI, Gesell
	Neurobehavioral development at discharge/term age
	No significant differences in neurobehavioral development
	Not pooled
	Critically Low

	Soleimani et al.,
2020 (18)
	Preterm infants <37 weeks; Total Number: 1528
	Various developmental care (NIDCAP, massage, cycled light, etc.)
	BSID I, II, III (MDI, PDI)
	MDI and PDI at 6, 12 and 24 months
	Improved MDI at 12 months (SMD 0.55, 95% CI 0.23–0.87); PDI at 12 months (SMD 0.33)
	High at 12 months
	High

	Aita et al. 2021 (21)
	Preterm infants 24–36 weeks; total Number: 901
	NIDCAP, parental participation, sensory stimulation, music therapy, positioning
	APIB, NNNS, INFANIB, TIMP, etc.
	Early neurobehavioral and neuromotor development (during NICU and up to 2 weeks CA)
	NIDCAP improved neurobehavioral and neurological development (MD 0.48–0.92)
	Moderate to considerable
	Critically Low

	Kim et al., 2022 (36)
	Preterm/LBW infants (<37 weeks); total number: NM
	Attachment- and relationship-based interventions
	BSID, Griffiths, Infant Behavioral Assessment
	Infant neurodevelopmental and behavioral outcomes (up to 12 months)
	Positive effect on infant development (ES 0.37, 95% CI 0.08-0.65)
	I²=58%
	Low

	North et al. 2022 (40)
	Preterm/LBW infants; total Number 5240
	Family involvement interventions
	NNE-C
	Neurobehavioral exam scores at discharge/term age
	Improved neurobehavioral exam scores (MD 1.11, 95% CI 0.21-2.01)
	I²=0%
	High

	Embarek-Hernández et al.,
2022(32)
	Preterm infants <37 weeks; total number: 545
	Multisensory stimulation
	BSID
	Psychomotor development
	Improved psychomotor development (higher BSID scores)
	NR
	Critically Low

	Sivanandan et al.,
2023 (42)
	Preterm/LBW infants; total Number: 15,559
	Kangaroo Mother Care (early vs late)
	BSID-III, Griffiths
	Neurodevelopmental outcomes at 12 months and later
	Little to no difference in BSID-III cognitive (MD 0.21), language (MD -0.91), motor (MD -0.85)
	Low (single studies)
	Low

	Haslbeck et al.,
2023(34)
	Preterm infants <37 weeks; total Number: 1532
	Musical and vocal interventions
	BSID-III at 24 months
	Cognitive, motor, language at 24 months corrected age
	No significant improvement in cognitive (MD 0.35), motor (MD -0.17), or language (MD 0.38) scores
	Moderate
	High

	Carneiro et al.,
2024 (30)
	Preterm infants <37 weeks; Total Number: 706
	Nest positioning
	Prechtl, Griffiths, BSID
	Motor development
	Enhanced motor development (better flexion, midline movements, reduced abrupt movements)
	NR
	Critically Low

	Burstein et al.,
2024 (29)
	Preterm infants/children <37 weeks; Total Number: 39,799
	NIDCAP, KMC, FNI
	BSID, GMDS, WPPSI, etc.
	Global cognitive, language, motor (1 month to 7 years)
	Transient improvements in global cognitive outcomes until 2-3 years
	High
	Critically Low

	Moran et al., 2024(39)
	Preterm infants <37 weeks; Total Number: 626
	Visual and multisensory stimulation
	Visual assessments, INFANIB, NNNS
	Visual function and neuromotor development
	Improved visual maturity and neuromuscular development
	NR
	Critically Low

	Bernabe-Zuniga et al., 2025 (26)
	Preterm infants <32 weeks; total number: NM
	Early family-based neurodevelopmental physiotherapy
	BSID-III at 2 years
	Motor, cognitive, language at 2 years corrected age
	Improved cognitive (SMD 0.34) and motor (SMD 0.28) at 2 years; inconclusive for language
	High
	Critically Low

	Kocakabak et al.,
2025(37)
	Preterm infants and parents; total number: 6709
	Family-Centered Care interventions (various models)
	NAPI, BSID, ITSEA, etc.
	Neurobehavioral and neurodevelopmental outcomes
	High heterogeneity and inconsistency in reported neurobehavioral and developmental outcomes
	High
	Low

	Han et al., 2025 (33)
	Preterm infants <37 weeks, BW <1500g; total number: 2,140
	Kangaroo Mother Care
	NBNA, NNNS, BSID, ASQ-3
	Neurological and neurobehavioral development (up to 12 months)
	Positive effects on neurodevelopmental indicators (NBNA/NNNS scores and motor skills)
	High
	High

	Raghupathy et al., 2025 (41)
	Very preterm infants (28–32 weeks); total number: 2,247
	Family-Centered Care interventions
	BSID, TIMP, NNNS, etc.
	Motor, cognitive, language, behavior (up to 24 months)
	Improved motor (MD 5.00), cognitive (MD 3.64), and behavior (MD -2.40) at 24 months
	Moderate to high
	Low

	Chanpura et al.,
2025(45)
	Preterm neonates <37 weeks in NICU
	Various positioning practices (nesting, cocoon, supportive devices)
	NNNS, IPAT, general movements
	Neuromotor and behavioral organization
	Improved neuromotor performance, symmetrical alignment, and behavioral organization
	NR
	Critically Low

	Armakola et al.,
2025 (44)
	Preterm neonates in NICU and children with neurological deficits
	Music therapy and neurological music therapy
	Motor/cognitive assessments and neuroplasticity measures
	Neurodevelopmental (cognitive, motor, behavior)
	Promising effects on motor skills, cognitive development, and neuroplasticity
	NR
	Critically Low




Abbreviations: GA, gestational age; LBW, low birth weight; VLBW, very low birth weight; NICU, neonatal intensive care unit; NIDCAP, Newborn Individualized Developmental Care and Assessment Program; KMC, Kangaroo Mother Care; FNI, Family Nurture Intervention; BSID, Bayley Scales of Infant Development; BSID-II/III, Bayley Scales of Infant and Toddler Development, 2nd/3rd edition; MDI, Mental Development Index; PDI, Psychomotor Development Index; NBAS, Neonatal Behavioral Assessment Scale; APIB, Assessment of Preterm Infants’ Behavior; INFANIB, Infant Neurological International Battery; NNNS, NICU Network Neurobehavioral Scale; TIMP, Test of Infant Motor Performance; NAPI, Neurobehavioral Assessment of the Preterm Infant; NBNA, Neonatal Behavioral Neurological Assessment; CBCL, Child Behavior Checklist; ADOS, Autism Diagnostic Observation Schedule; ITSEA, Infant-Toddler Social and Emotional Assessment; ASQ-3, Ages and Stages Questionnaire, Third Edition; GMDS, Griffiths Mental Development Scales; WPPSI, Wechsler Preschool and Primary Scale of Intelligence; CA, corrected age; WMD, weighted mean difference; MD, mean difference; SMD, standardized mean difference; ES, effect size; CI, confidence interval; I², inconsistency statistic (heterogeneity measure); NM, Not mentioned; NR, Not reported; RCT, randomized controlled trial;.

