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Abstract.	 [Purpose]	This	study	aimed	to	examine,	using	the	Interaction	Rating	Scale,	the	effect	of	social	skills	at	
18	months	of	life	on	the	subsequent	development	of	low	birthweight	infants.	[Participants	and	Methods]	The	study	
participants	were	made	up	of	a	total	of	23	infants	who	were	admitted	to	the	neonatal	intensive	care	unit	of	Hospital	
A	and	whose	developmental	indexes	were	followed	up	at	the	outpatient	clinic	for	up	to	3	years	of	age.	The	survey	
was	conducted	twice	in	each	infant,	at	a	corrected	age	of	18	months	and	at	36	full	months	of	age.	Social	skills	and	
developmental	indexes	were	assessed	at	the	corrected	age	of	18	months,	meanwhile	only	developmental	indexes	
were	assessed	at	36	full	months,	to	examine	associations.	The	Interaction	Rating	Scale	was	used	to	assess	social	
skills.	This	scale	measures	various	aspects	of	social	development	by	observing	caregiver-child	interactions	in	situ-
ations	wherein	children	are	engaged	in	tasks	more	difficult	for	their	age.	[Results]	The	results	demonstrated	that	
social	skills	at	18	months	were	associated	with	the	developmental	indexes	at	18	and	36	months,	whereas	more	items	
were	associated	with	the	developmental	index	at	36	months.	[Conclusion]	The	results	indicate	the	need	for	early	
prediction	of	developmental	delay	and	timely	intervention,	by	assessing	social	skills	in	low	birthweight	infants.
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INTRODUCTION

Advances	in	perinatal	care	technology	have	improved	survival	rates	for	low	birthweight	infants1–5).	However,	the	number	
of	 infants	undergoing	 treatment	 in	neonatal	units	has	 increased,	and	 their	high	risk	of	neurodevelopmental	abnormalities	
represents	a	considerable	challenge6–9).	There	are	developmental	risk	challenges	posed	by	preterm	delivery	and	low	birth-
weight10–13).	In	the	neonatal	intensive	care	unit	(NICU),	care	is	tailored	to	the	developmental	needs	of	the	newborn,	such	as	
adjusting lighting and machine sounds14, 15).	In	clinical	practice,	follow-up	outpatient	clinics	have	been	established	to	monitor	
children’s	development	over	time	and	provide	the	necessary	support	when	needed.	The	effectiveness	of	many	interventions	
aimed	at	developmental	support	has	been	reported16).	Developmental	support	should	not	be	provided	only	for	a	short	period	
during	hospitalization	but	should	involve	a	long-term	perspective17, 18).	Long-term	follow-up	has	revealed	that	children	who	
are	hospitalized	 face	a	higher	 risk	of	developmental	abnormalities	compared	 to	children	who	were	not	hospitalized,	and	
their	behavior	during	hospitalization	is	a	predictor	of	this19, 20).	Attention	deficit	hyperactivity	disorder	and	autism	spectrum	
disorders	are	considered	severe	developmental	risks	for	high-risk	children,	who	often	have	difficulty	interacting	with	others	
and	adjusting	to	group	living.	The	symptoms	of	these	problems	often	become	apparent	around	the	age	of	three.	The	challenge	
is	to	assess	the	child’s	development	and	link	it	to	the	appropriate	support	in	the	follow-up	outpatient	clinic.	In	clinical	situa-
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tions,	signs,	such	as	“frequent	crying”	and	“difficulty	adjusting	to	the	environment”,	may	be	identified	at	an	early	stage.	Early	
detection	and	early	support	based	on	predictive	signs	would	be	useful	for	the	individual	and	their	family.

In	developmental	cohorts	of	children	in	Japan,	“social	skills”	have	been	the	focus	of	attention,	and	assessments	using	the	
“involvement	index”	have	been	conducted21–27).	Some	studies	have	used	pre-	and	post-intervention	assessments	and	found	
that	these	abilities	are	changeable	through	intervention28–32).	Moreover,	it	has	also	been	found	that	“relationships	with	others”	
lead	to	change,	that	is,	as	social	skills	increase,	developmental	indices	also	increase33–37).	However,	no	studies	have	evaluated	
and	validated	social	competence	using	the	“Interaction	Rating	Scale	(IRS)”	in	preterm	infants.	Therefore,	it	would	be	useful	
to	add	it	to	the	index	in	follow-up	outpatient	care	for	preterm	infants	and	to	evaluate	the	developmental	assessment	situation	
objectively.

This	study	aimed	to	measure	the	involvement	index	in	low	birthweight	infants	who	have	experienced	NICU	hospitaliza-
tion	and	verify	its	association	with	birth	risk	and	developmental	index.

PARTICIPANTS AND METHODS

The	participants	comprised	23	children	who	were	admitted	to	Hospital	A’s	NICU	(Osaka	city,	Japan)	between	October	1,	
2014	and	December	31,	2018	with	a	birthweight	of	less	than	1,500	g	and	a	fertility	week	of	less	than	0	weeks.	Their	parents	
had	consented	to	and	participated	in	the	18-month	and	36-month	surveys.	Figure 1	shows	the	process	of	selecting	the	study	
participants	and	the	characteristics	of	the	target	children.	The	mean	birthweight	was	1010.5	(553–1,499)	g,	and	the	mean	
number	of	weeks	of	gestation	was	28	w0d	(23	w0d–36	w3d).	The	developmental	index	averaged	96.6	±	19.2	(50–120)	at	18	
months	corrected	and	89.4	±	14.9	(57–113)	at	36	full	months.

The	following	items	were	investigated:	the	birthweight,	number	of	days	after	conception	at	birth,	social	skills	(IRS)38), 
and	developmental	index	(Kyoto	Scale	of	Psychological	Development	2001	[KSPD	2001])39).	After	discharge,	social	skills	
(18M)	and	the	developmental	index	were	assessed	at	the	follow-up	outpatient	clinic.

In	 this	 study,	we	used	 the	 IRS	 to	assess	 social	ability.	This	 index	measures	various	aspects	of	 social	development	by	
observing	the	interaction	between	caregivers	and	children.	The	reliability	and	validity	of	the	assessment	have	been	examined.	
The	content	is	based	on	a	situation	in	which	a	caregiver	engages	the	child	in	a	more	difficult	task	than	appropriate	for	the	
child’s	age.	The	child	works	toward	achieving	the	goal,	and	the	interaction	is	assessed	in	an	everyday,	naturalistic	manner38).	
The	authors	have	conducted	this	evaluation	as	a	preliminary	study	with	three	pairs	of	parents	and	children	and	have	confirmed	
its	feasibility39).	It	consists	of	five	domains	on	the	child’s	side	(autonomy,	responsiveness,	empathy,	motor	regulation,	and	
emotional	regulation)	and	five	domains	on	the	caregiver’s	side	(children’s	independence,	responsiveness,	empathy,	cognitive	
development,	and	consideration	for	socio-emotionality).	In	this	study,	only	the	“children’s	aspect”	was	assessed	because	the	
social	aspect	of	children	was	the	subject	of	analysis.	Five	minutes	of	building	blocks	and	drawing	scenes	were	set	up,	which	
were	used	as	the	children’s	domain	score.	The	evaluation	method	was	based	on	a	binary	evaluation	(0	points,	1	point)	of	the	
occurrence	or	non-occurrence	of	the	behavioral	evaluation,	and	the	domain	score	was	calculated	by	simple	addition.

The	developmental	outcome	was	evaluated	at	18	months	of	corrected	age	and	at	3	years	of	age	using	the	KSPD	200139).	
The	KSPD	2001	is	a	standardized	developmental	test	that	has	been	widely	used	in	clinical	settings	in	Japan.

Fig. 1.	 	Process	of	selecting	the	study	participants	and	the	characteristics.



699

The	 purpose,	methods,	 and	 ethical	 considerations	 of	 the	 study	were	 fully	 explained	 to	 the	 parents,	 and	 consent	was	
obtained.	Participation	in	the	study	was	voluntary	and	could	be	terminated	at	any	time.	Names	were	kept	anonymous	and	
ID	numbers	were	used	to	protect	personal	information.	It	was	explained	that	the	personal	information	would	be	kept	strictly	
confidential,	data	would	not	be	used	for	any	purpose	other	than	the	study,	and	there	would	be	no	disadvantage	or	hindrance	
to	the	medical	care	provided	if	the	study	was	terminated.	The	study	was	conducted	with	the	approval	of	the	Morinomiya	
Medical	University	Medical	Review	Committee	(Approval	No.	2019-073	Recognition	date;	October	11,	2019).

Analysis	was	conducted	by	calculating	Spearman’s	correlation	coefficient	to	examine	the	relationship	between	the	im-
pression	scores	in	each	domain	and	the	developmental	index.	In	addition,	the	Mann–Whitney	test	was	used	to	examine	the	
relationship	between	impression	scores	and	developmental	indices.	IBM	SPSS	Statistics	27	(Tokyo,	Japan)	was	used	as	the	
analysis	software.

RESULTS

Median	values	were	compared	by	the	occurrence	of	the	behavior	in	each	area.	The	results	are	shown	in	Table	1.	There	
were	no	significant	differences	in	behavioral	occurrence	in	weeks	of	gestation	and	birthweight.	In	the	modified	18-month	
developmental	index,	the	medians	for	“Child	stops	displaying	distress	cues	without	caregiver’s	soothing	attempts”	in	the	
emotional	regulation	domain	were	104.0	and	104.0.	In	the	emotional	regulation	domain,	the	scores	for	“Child	is	not	startled	
by	caregiver’s	movements	or	changes	in	their	facial	expression”	were	104.0	for	those	with	the	behavior	and	68.0	for	those	
without	it	(p=0.01).	The	developmental	index	was	significantly	higher	for	those	with	the	behavior.

In	the	developmental	index	at	36	months,	the	scores	for	“Child	becomes	appropriately	active	in	response	to	task	situation”	
in	the	autonomy	domain	were	95.0	and	86.0	(p=0.03)	for	those	with	and	without	the	behavior,	respectively;	for	“Child	gives,	
shows,	or	points	to	task	material	to	share	emotion	with	a	caregiver”,	the	scores	were	98.0	and	83.5	(p=0.001)	for	those	with	
and	without	the	behavior,	respectively.	Furthermore,	we	obtained	the	following	results:	“Child	smiles	at	a	caregiver	within	
five	seconds”	of	the	emotional	regulation	domain;	“Child	stops	displaying	distress	cues	without	caregiver’s	response”	(Yes	
96.5,	No	87.0,	p=0.02);	“Child	stops	displaying	distress	cues	without	caregiver’s	soothing	attempts”	(with	94.0,	without	63.5,	
(p=0.03)).	Regarding	“Child	is	not	startled	by	caregiver’s	movements	or	changes	in	their	facial	expression”,	the	develop-
mental	scores	were	94.0	for	children	with	the	behavior	and	63.5	for	children	without	it	(p=0.03).	The	index	was	significantly	
higher	for	children	with	the	behavior.

DISCUSSION

The	contributions	of	this	study	are	as	follows.	First,	it	was	possible	to	measure	social	competence	in	a	follow-up	outpatient	
setting	for	low	birthweight	infants.	With	an	increase	in	impulsive	behavior	and	social	maladjustment	during	school	age	and	
adolescence,	interest	in	children’s	social	development	in	this	era	of	declining	birthrates	has	increased.	Hence,	it	is	paramount	
to	 accurately	 capture	 the	development	of	 children’s	 social	 skills	 and	propose	 early	 interventions40).	The	development	of	
children’s	social	competence	arises	under	the	interaction	between	children’s	innate	individual	factors	and	family	relation-
ships,	including	caregivers,	peer	relationships,	and	socio-cultural	environmental	factors41).	Particularly,	in	the	early	stages	of	
development,	an	attachment	relationship	is	formed	between	the	child’s	innate	temperament	and	the	caregiver’s	involvement	
as	 the	most	 immediate	 social	 environment	 because	 of	 their	mutual	 interaction42, 43).	 Stable	 attachments	with	 caregivers	
represent	an	internal	working	model	that	defines	the	nature	of	subsequent	peer	and	retreat	relationships	and	fosters	the	social	
skills	necessary	for	communication28–37).	Several	indicators	have	been	developed	from	the	perspective	of	their	importance	
in	child	development;	HOME	has	been	utilized	in	many	national	and	international	studies,	including	the	NICHD	study44).	
Index	of	Child	Care	Environment	ICCE)	has	been	utilized	in	a	Japanese	childcare	cohort45),	and	the	IRS	was	developed	as	
a	methodology	 that	could	efficiently	measure	various	aspects	of	social	competence	 in	an	 internationally	comparable	and	
institutional	manner.	Interactions	between	children	and	caregivers	can	be	efficiently	assessed	in	everyday	settings	to	measure	
social	competence.	Moreover,	professionals	can	use	it	 in	practice	settings	for	interventions46–52).	In	the	present	study,	the	
index	was	used	in	a	follow-up	outpatient	setting	after	the	discharge	of	low	birthweight	infants.	It	can	be	administered	in	a	
natural	setting	in	a	short	five-minute	period	before	the	developmental	examination.	It	can	also	provide	simple	feedback	to	
the	caregivers	present,	allowing	them	to	collectively	discover	the	beneficial	aspects	of	child	development	and	link	them	to	
growth.	This	enabled	us	to	measure	the	social	skills	needed	by	high-risk	children	in	a	simple	way.

Second,	social	competence	at	18	months	was	related	to	the	developmental	index	at	36	months	as	well,	suggesting	the	pos-
sibility	of	predicting	developmental	risk	from	an	earlier	age.	In	Japan,	medical	advances	have	made	it	possible	for	high-risk	
children	to	survive.	However,	it	is	challenging	to	provide	long-term	support	for	the	upbringing	of	high-risk	children17, 18).	
Particularly,	early	detection	and	early	intervention	for	the	risk	of	developmental	disabilities	is	a	challenge53).	Low	birthweight	
infants	are	at	risk	for	developmental	disabilities	and	are	followed	up	with	by	outpatient	clinics	to	observe	their	progress.	
Various	reports	have	already	been	published17).	In	general,	social	development	starts	early,	but	it	only	becomes	apparent	after	
three	years	of	age,	when	group	living	begins18).	It	is	crucial	that	early	detection	lead	to	early	intervention.	In	the	present	study,	
social	scores	using	the	IRS	were	significantly	associated	with	the	developmental	index.	Higher	social	competence	tended	to	
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Table 1.		Comparison	of	related	factors	by	the	occurrence	of	involvement	behavior	during	the	task	(Mann–Whitney	test)

Birth	weight	(g)
Gestational 
period	(days)

18 months 36 months

n % median p-value median p-value median p-value median p-value
1.	Autonomy Child	vocalizes	while	looking	at	the	

task	materials.
yes 15 65.2 896.0 0.21 198.0 0.43 100.0 0.83 95.0 0.24
no 8 34.8 1,252.5 206.5 101.0 88.0

Child	becomes	appropriately	active	
in	response	to	task	situation.

yes 16 69.6 1,006.5 0.45 203.5 0.41 101.5 0.18 95.0 0.03
no 7 30.4 699.0 202.0 87.0 86.0

Child	attempts	to	make	eye	contact	
with	caregiver.

yes 21 91.3 998.0 0.51 201.0 0.96 98.0 0.44 94.0 0.39
no 2 8.7 901.5 203.5 106.5 86.5

Child	initiates	interaction	with	care-
giver	spontaneously.

yes 22 95.7 959.0 0.78 201.5 0.96 99.0 0.78 92.5 0.61
no 1 4.3 1,197.0 205.0 104.0 86.0

Child	attempts	to	elicit	caregiver’s	
response.

yes 21 91.3 920.0 0.20 201.0 0.79 98.0 0.16 94.0 0.51
no 2 8.7 1,308.5 205.5 112.0 87.5

2.	RESPONSIVE-
NESS

Child displays strong reaction dur-
ing the interaction

yes 22 95.7 959.0 0.78 201.5 0.96 99.0 0.78 92.5 0.61
no 1 4.3 1,197.0 104.0 86.0

Child	gazes	at	caregiver’s	face	or	
task	materials	after	caregiver’s	non-
verbal	behaviors.

yes 22 95.7 959.0 0.78 201.5 0.96 99.0 0.78 92.5 0.61
no 1 4.3 1,197.0 205.0 104.0 86.0

Child	looks	at	caregiver’s	face	or	
eyes	when	caregiver	attempts	eye	
contact

yes 20 87.0 959.0 0.97 199.5 0.76 99.0 0.76 94.5 0.09
no 3 13.0 1,197.0 205.0 104.0 86.0

Child	vocalizes	or	babbles	within	
five	seconds	after	caregiver’s	verbal-
ization.

yes 9 39.1 896.0 0.60 197.0 0.28 103.0 0.44 95.0 0.52
no 14 60.9 1,153.5 205.5 97.0 90.0

Child	vocalizes	or	babbles	within	
five	seconds	of	caregiver’s	gestures,	
touch,	or	changes	in	facial	expres-
sion.

yes 10 43.5 908.0 0.69 197.5 0.23 101.5 0.61 95.0 0.21
no 13 56.5 1,197.0 206.0 98.0 89.0

3.	EMPATHY Child	gives,	shows,	or	points	to	
task	material	to	share	emotion	with	
caregiver.

yes 15 65.2 998.0 0.78 201.0 0.55 100.0 0.39 98.0 0.00
no 8 34.8 1,058.5 203.5 97.5 83.5

Child	looks	at	caregiver’s	face	to	
gather	information/gain	understand-
ing.

yes 20 87.0 959.0 0.83 199.5 0.36 99.0 0.90 94.5 0.46
no 3 13.0 1,197.0 205.0 104.0 87.0

Child	vocalizes	or	adjusts	own	
behavior	within	five	seconds	in	re-
sponse	to	caregiver’s	verbalization.

yes 19 82.6 1,015.0 0.05 206.0 0.46 100.0 0.73 91.0 0.91
no 4 17.4 688.5 201.5 98.0 90.5

Child	smiles	at	caregiver	within	five	
seconds	of	caregiver’s	verbalization.

yes 16 69.6 1,006.5 0.45 203.5 0.41 101.5 0.18 95.0 0.03
no 7 30.4 699.0 202.0 87.0 86.0

Child	behaves	within	five	seconds	
in	accord	with	caregiver’s	gestures,	
touch,	or	changes	in	expression.

yes 21 91.3 998.0 0.57 202.0 0.39 100.0 0.64 91.0 0.71
no 2 8.7 942.0 187.5 95.5 90.0

4.	MOTOR	
REGULATION

Child	widens	eyes	and/or	shows	
postural	attention	to	task	situation.

yes 23 100 998.0 202.0 100.0 91.0
no 0 0.0

Child	becomes	appropriately	active	
in	response	to	task	situation.

yes 23 100 998.0 202.0 100.0 91.0
no 0 0.0

Child’s	movements	are	clearly	
directed	toward/away	from	the	task	
or	task	material.

yes 23 100 998.0 202.0 100.0 91.0
no 0 0.0

Child	makes	clearly	recognizable	
hand	motions	towards	task	materials	
during	the	episode.	(60%	or	more	of	
the	time).

yes 23 100 998.0 202.0 100.0 91.0
no 0 0.0

	Child	is	neither	restless	nor	overac-
tive.

yes 22 95.7 1,006.5 0.96 203.5 0.35 99.0 0.96 92.5 0.44
no 1 4.3 780.0 197.0 103.0 81.0

Birth	weight,	weeks	of	gestation,	and	developmental	index	were	compared	for	the	occurrence	or	non-occurrence	of	involvement	be-
havior	in	each	domain	as	“yes”	or	“no”.
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be	associated	with	a	higher	developmental	index	at	18	months	and	at	age	three.	This	confirms	the	findings	of	previous	studies	
and	suggests	the	need	for	early	intervention.	Children	with	low	scores	can	be	monitored	for	developmental	trends.	Appropri-
ate	support	can	be	implemented	by	shortening	the	time	until	the	next	outpatient	visit	and	connecting	with	the	health	center.

Nevertheless,	the	limitations	of	this	study	are	as	follows.	First,	the	number	of	participants	was	small;	the	follow-up	period	
for	each	person	is	three	years.	Therefore,	it	takes	time	to	accumulate	data.	In	the	future,	it	will	be	necessary	to	increase	the	
number	of	participants	and	conduct	multifaceted	analyses	by	collaborating	with	multiple	facilities.	Second,	the	observation	
period	was	short.	The	risk	of	developmental	disorders	related	to	social	skills	becomes	more	apparent	and	severe	after	school	
age.	In	this	regard,	it	is	necessary	to	conduct	continuous	observation	and	report	the	results.

Despite	these	limitations,	we	believe	that	we	achieved	a	certain	level	of	success	in	verifying	how	assessable	the	social	
abilities	of	high-risk	children	are	and	clarifying	their	relationship	with	developmental	risk.	The	future	challenge	will	be	to	es-
tablish	a	system	for	appropriate	support,	early	detection,	and	early	intervention	and	to	verify	the	effectiveness	of	this	system.

Author contributions
Conceptualization,	Y.S.,	N.H.,	M.N.,	and	H.M.;	methodology,	Y.S.,	N.H.;	software,	Y.S.,	N.H.,	M.N.;	validation,	Y.S.,	

N.H.;	formal	analysis,	Y.S.,	N.H.;	investigation,	Y.S.,	M.N.;	resources,	Y.S.;	data	curation,	Y.S.,	M.N.;	writing—original	draft	
preparation,	Y.S;	writing—review	and	editing,	Y.S.,	N.H.,	M.N.,	and	H.M.;	supervision,	H.M.;	project	administration,	Y.S.;	
funding	acquisition,	Y.S.	All	authors	have	read	and	agreed	to	the	published	version	of	the	manuscript.

Funding
This	work	was	funded	by	JSPS	KAKENHI	Grant	Number	19K14186.

Conflicts of interest
The	authors	declare	no	conflict	of	interest.

ACKNOWLEDGMENT

We	express	our	deepest	gratitude	to	the	participants	and	staff	members.

REFERENCES

1)	 Kusuda	S,	Fujimura	M,	Sakuma	I,	et	al.	Neonatal	Research	Network,	Japan:	Morbidity	and	mortality	of	infants	with	very	low	birth	weight	in	Japan:	center	
variation.	Pediatrics,	2006,	118:	e1130–e1138.	[Medline]  [CrossRef]

2)	 Smith	PB,	Ambalavanan	N,	Li	L,	et	al.	Generic	Database	Subcommittee	Eunice	Kennedy	Shriver	National	Institute	of	Child	Health	Human	Development	
Neonatal	Research	Network:	Approach	to	infants	born	at	22	to	24	weeks’	gestation:	relationship	to	outcomes	of	more-mature	infants.	Pediatrics,	2012,	129:	

Table 1.  Continued

Birth	weight	(g)
Gestational 
period	(days)

18 months 36 months

n % median p-value median p-value median p-value median p-value
5.	EMOTIONAL	
REGULATION

Child stops displaying distress cues 
without	caregiver’s	response.

yes 16 69.6 1,006.5 0.54 203.0 0.82 104.0 0.07 96.5 0.02
no 7 30.4 780.0 202.0 96.0 87.0

Child stops displaying distress cues 
without	caregiver’s	soothing	at-
tempts.

yes 16 69.6 1,006.5 0.54 203.0 0.82 104.0 0.07 96.5 0.02
no 7 30.4 780.0 202.0 96.0 87.0

Child stops displaying distress cues 
without	caregiver’s	soothing	at-
tempts.

yes 19 82.6 1,015.0 0.22 205.0 0.14 104.0 0.01 94.0 0.03
no 4 17.4 739.5 192.0 68.0 63.5

Child	asks	caregiver	for	help	or	
consolation.

yes 22 95.7 1,006.5 0.61 203.5 0.70 101.5 0.70 91.0 0.78
no 1 4.3 780.0 197.0 96.0 95.0

Child	is	not	startled	by	caregiver’s	
movements	or	changes	in	his/her	
facial	expression.

yes 19 82.6 1,015.0 0.22 205.0 0.14 104.0 0.01 94.0 0.03
no 4 17.4 739.5 192.0 68.0 63.5

Birth	weight,	weeks	of	gestation,	and	developmental	index	were	compared	for	the	occurrence	or	non-occurrence	of	involvement	be-
havior	in	each	domain	as	“yes”	or	“no”.

http://www.ncbi.nlm.nih.gov/pubmed/16950943?dopt=Abstract
http://dx.doi.org/10.1542/peds.2005-2724


J. Phys. Ther. Sci. Vol. 34, No. 10, 2022 702

e1508–e1516.	[Medline]  [CrossRef]
3)	 Itabashi	K,	Horiuchi	T,	Kusuda	S,	et	al.:	Mortality	rates	for	extremely	low	birth	weight	infants	born	in	Japan	in	2005.	Pediatrics,	2009,	123:	445–450.	[Medline]  

[CrossRef]
4)	 Isayama	T,	Lee	SK,	Mori	R,	et	al.	Canadian	Neonatal	Network,	Neonatal	Research	Network	of	Japan:	Comparison	of	mortality	and	morbidity	of	very	low	birth	

weight	infants	between	Canada	and	Japan.	Pediatrics,	2012,	130:	e957–e965.	[Medline]  [CrossRef]
5)	 Kono	Y,	Yonemoto	N,	Nakanishi	H,	et	al.:	Changes	in	survival	and	neurodevelopmental	outcomes	of	infants	born	at	<25	weeks’	gestation:	a	retrospective	

observational	study	in	tertiary	centres	in	Japan.	BMJ	Paediatr	Open,	2018,	2:	e000211.	[Medline]  [CrossRef]
6)	 Hsu	CT,	Chen	CH,	Lin	MC,	et	al.:	Post-discharge	body	weight	and	neurodevelopmental	outcomes	among	very	low	birth	weight	infants	in	Taiwan:	a	nationwide	

cohort	study.	PLoS	One,	2018,	13:	e0192574.	[Medline]		[CrossRef]
7)	 Karnati	S,	Kollikonda	S,	Abu-Shaweesh	J:	Late	preterm	infants—changing	trends	and	continuing	challenges.	Int	J	Pediatr	Adolesc	Med,	2020,	7:	36–44.	

[Medline]  [CrossRef]
8)	 Lindström	K,	Lindblad	F,	Hjern	A:	Preterm	birth	and	attention-deficit/hyperactivity	disorder	in	schoolchildren.	Pediatrics,	2011,	127:	858–865.	[Medline]  

[CrossRef]
9)	 Winkler-Schwartz	A,	Garfinkle	J,	Shevell	MI:	Autism	spectrum	disorder	in	a	term	birth	neonatal	intensive	care	unit	population.	Pediatr	Neurol,	2014,	51:	

776–780.	[Medline]  [CrossRef]
10)	 Quigley	MA,	Poulsen	G,	Boyle	E,	et	al.:	Early	term	and	late	preterm	birth	are	associated	with	poorer	school	performance	at	age	5	years:	a	cohort	study.	Arch	

Dis	Child	Fetal	Neonatal	Ed,	2012,	97:	F167–F173.	[Medline]  [CrossRef]
11)	 Chan	E,	Leong	P,	Malouf	R,	et	al.:	Long-term	cognitive	and	school	outcomes	of	late-preterm	and	early-term	births:	a	systematic	review.	Child	Care	Health	Dev,	

2016,	42:	297–312.	[Medline]  [CrossRef]
12)	 Cheong	JL,	Doyle	LW,	Burnett	AC,	et	al.:	Association	between	moderate	and	late	preterm	birth	and	neurodevelopment	and	social-emotional	development	at	

age	2	years.	JAMA	Pediatr,	2017,	171:	e164805.	[Medline]  [CrossRef]
13)	 Delnord	M,	Zeitlin	J:	Epidemiology	of	late	preterm	and	early	term	births—an	international	perspective.	Semin	Fetal	Neonatal	Med,	2019,	24:	3–10.	[Medline]  

[CrossRef]
14)	 Als	H,	Lawhon	G,	Duffy	FH,	et	al.:	Individualized	developmental	care	for	the	very	low-birth-weight	preterm	infant.	Medical	and	neurofunctional	effects.	

JAMA,	1994,	272:	853–858.	[Medline]  [CrossRef]
15)	 Als	H,	McAnulty	GB:	The	newborn	individualized	developmental	care	and	assessment	program	(NIDCAP)	with	kangaroo	mother	care	(KMC):	comprehen-

sive	care	for	preterm	infants.	Curr	Womens	Health	Rev,	2011,	7:	288–301.	[Medline]  [CrossRef]
16)	 Spittle	A,	Orton	J,	Anderson	PJ,	et	al.:	Early	developmental	intervention	programmes	provided	post	hospital	discharge	to	prevent	motor	and	cognitive	impair-

ment	in	preterm	infants.	Cochrane	Database	Syst	Rev,	2015,	(11):	CD005495.	[Medline]
17)	 Odd	DE,	Lewis	G,	Whitelaw	A,	et	al.:	Resuscitation	at	birth	and	cognition	at	8	years	of	age:	a	cohort	study.	Lancet,	2009,	373:	1615–1622.	[Medline]  [CrossRef]
18)	 Noble	KG,	Fifer	WP,	Rauh	VA,	et	al.:	Academic	achievement	varies	with	gestational	age	among	children	born	at	 term.	Pediatrics,	2012,	130:	e257–e264.	

[Medline]  [CrossRef]
19)	 Williams	K,	Helmer	M,	Duncan	GW,	et	al.:	Perinatal	and	maternal	risk	factors	for	autism	spectrum	disorders	in	New	South	Wales,	Australia.	Child	Care	Health	

Dev,	2008,	34:	249–256.	[Medline]  [CrossRef]
20)	 Johnson	S,	Marlow	N:	Preterm	birth	and	childhood	psychiatric	disorders.	Pediatr	Res,	2011,	69:	11R–18R.	[Medline]  [CrossRef]
21)	 Sugisawa	Y,	Shinohara	R,	Tong	L,	et	al.	Japan	Children’s	Study	Group:	The	trajectory	patterns	of	parenting	and	the	social	competence	of	toddlers:	a	longitu-

dinal	perspective.	J	Epidemiol,	2010,	20:	S459–S465.	[Medline]  [CrossRef]
22)	 Tong	L,	Shinohara	R,	Sugisawa	Y,	et	al.	Japan	Children’s	Study	Group:	Relationship	between	children’s	intelligence	and	their	emotional/behavioral	problems	

and	social	competence:	gender	differences	in	first	graders.	J	Epidemiol,	2010,	20:	S466–S471.	[Medline]  [CrossRef]
23)	 Shinohara	R,	Sugisawa	Y,	Tong	L,	et	al.	Japan	Children’s	Study	Group:	The	trajectory	of	children’s	social	competence	from	18	months	to	30	months	of	age	and	

their	mother’s	attitude	towards	the	praise.	J	Epidemiol,	2010,	20:	S441–S446.	[Medline]  [CrossRef]
24)	 Anme	T,	Watanabe	T,	Tokutake	K,	et	al.:	Behavior	changes	in	older	persons	caused	by	using	wood	products	in	assisted	living.	Public	Health	Res,	2012,	2:	

106–109.		[CrossRef]
25)	 Tong	L,	Shinohara	R,	Sugisawa	Y,	et	al.:	Early	development	of	empathy	in	toddlers:	effects	of	daily	parent-child	interaction	and	home	rearing	environment.	J	

Appl	Soc	Psychol,	2012,	42:	2457–2478.		[CrossRef]
26)	 Mochizuki	Y,	Tanaka	E,	Tomisaki	E,	et	al.:	Effects	of	wood	education	in	a	nursery	school	with	a	focus	on	changes	in	children	and	caregivers’	drawings.	J	

Psychol	Behav	Sci,	2013,	3:	145–150.
27)	 Tanaka	Institute	of	Education:	Guide	to	the	TK	method	of	developmental	testing	for	young	children.	Tokyo:	Tanaka	Institute	Education,	1979.
28)	 NICHD	Early	Child	Care	Research	Network:	Familial	factors	associated	with	the	characteristics	of	non-maternal	care	for	infants.	J	Marriage	Fam,	1997,	59:	

389–408.		[CrossRef]
29)	 NICHD	Early	Child	Care	Research	Network:	The	relation	of	child	care	to	cognitive	and	language	development.	Child	Dev,	2000,	71:	960–980.		[CrossRef]
30)	 NICHD	Early	Child	Care	Research	Network:	Characteristics	and	quality	of	child	care	for	toddlers	and	pre-schoolers.	Appl	Dev	Sci,	2000,	4:	116–135.		[Cross-

Ref]
31)	 NICHD	Early	Child	Care	Research	Network:	Child	care	structure→process→outcome:	direct	and	indirect	effects	of	childcare	quality	on	young	children’s	

development.	Psychol	Sci,	2002,	13:	199–206.	[Medline]  [CrossRef]
32)	 NICHD	Early	Child	Care	Research	Network:	Early	child	care	and	children’s	development	prior	to	school	entry:	results	from	the	NICHD	Study	of	early	child	

care.	Am	Educ	Res	J,	2002,	39:	133–164.		[CrossRef]
33)	 NICHD	Early	Child	Care	Research	Network:	Before	head	start:	income	and	ethnicity,	family	characteristics,	child	care	experiences,	and	child	development.	

Early	Educ	Dev,	2001,	12:	545–576.		[CrossRef]
34)	 NICHD	Early	Child	Care	Research	Network:	Child	care	and	mother–child	interaction	in	the	first	three	years	of	life.	Dev	Psychol,	1999,	35:	1399–1413.		[Cross-

Ref]
35)	 NICHD	Early	Child	Care	Research	Network:	Early	child	care	and	mother–child	interaction	from	36	months	through	first	grade.	Infant	Behav	Dev,	2003,	26:	

http://www.ncbi.nlm.nih.gov/pubmed/22641761?dopt=Abstract
http://dx.doi.org/10.1542/peds.2011-2216
http://www.ncbi.nlm.nih.gov/pubmed/19171608?dopt=Abstract
http://dx.doi.org/10.1542/peds.2008-0763
http://www.ncbi.nlm.nih.gov/pubmed/22966031?dopt=Abstract
http://dx.doi.org/10.1542/peds.2012-0336
http://www.ncbi.nlm.nih.gov/pubmed/29637189?dopt=Abstract
http://dx.doi.org/10.1136/bmjpo-2017-000211
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29444139&dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0192574
http://www.ncbi.nlm.nih.gov/pubmed/32373701?dopt=Abstract
http://dx.doi.org/10.1016/j.ijpam.2020.02.006
http://www.ncbi.nlm.nih.gov/pubmed/21502231?dopt=Abstract
http://dx.doi.org/10.1542/peds.2010-1279
http://www.ncbi.nlm.nih.gov/pubmed/25303867?dopt=Abstract
http://dx.doi.org/10.1016/j.pediatrneurol.2014.07.009
http://www.ncbi.nlm.nih.gov/pubmed/22215800?dopt=Abstract
http://dx.doi.org/10.1136/archdischild-2011-300888
http://www.ncbi.nlm.nih.gov/pubmed/26860873?dopt=Abstract
http://dx.doi.org/10.1111/cch.12320
http://www.ncbi.nlm.nih.gov/pubmed/28152144?dopt=Abstract
http://dx.doi.org/10.1001/jamapediatrics.2016.4805
http://www.ncbi.nlm.nih.gov/pubmed/30309813?dopt=Abstract
http://dx.doi.org/10.1016/j.siny.2018.09.001
http://www.ncbi.nlm.nih.gov/pubmed/8078162?dopt=Abstract
http://dx.doi.org/10.1001/jama.1994.03520110033025
http://www.ncbi.nlm.nih.gov/pubmed/25473384?dopt=Abstract
http://dx.doi.org/10.2174/157340411796355216
http://www.ncbi.nlm.nih.gov/pubmed/26597166?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19386357?dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(09)60244-0
http://www.ncbi.nlm.nih.gov/pubmed/22753563?dopt=Abstract
http://dx.doi.org/10.1542/peds.2011-2157
http://www.ncbi.nlm.nih.gov/pubmed/18257794?dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2214.2007.00796.x
http://www.ncbi.nlm.nih.gov/pubmed/21289534?dopt=Abstract
http://dx.doi.org/10.1203/PDR.0b013e318212faa0
http://www.ncbi.nlm.nih.gov/pubmed/20179370?dopt=Abstract
http://dx.doi.org/10.2188/jea.JE20090172
http://www.ncbi.nlm.nih.gov/pubmed/20179377?dopt=Abstract
http://dx.doi.org/10.2188/jea.JE20090146
http://www.ncbi.nlm.nih.gov/pubmed/20179372?dopt=Abstract
http://dx.doi.org/10.2188/jea.JE20090168
http://dx.doi.org/10.5923/j.phr.20120204.07
http://dx.doi.org/10.1111/j.1559-1816.2012.00949.x
http://dx.doi.org/10.2307/353478
http://dx.doi.org/10.1111/1467-8624.00202
http://dx.doi.org/10.1207/S1532480XADS0403_2
http://dx.doi.org/10.1207/S1532480XADS0403_2
http://www.ncbi.nlm.nih.gov/pubmed/12009038?dopt=Abstract
http://dx.doi.org/10.1111/1467-9280.00438
http://dx.doi.org/10.3102/00028312039001133
http://dx.doi.org/10.1207/s15566935eed1204_4
http://dx.doi.org/10.1037/0012-1649.35.6.1399
http://dx.doi.org/10.1037/0012-1649.35.6.1399


703

345–370.		[CrossRef]
36)	 The	NICHD	Early	Child	Care	Research	Network:	Early	child	care	and	self-control,	compliance,	and	problem	behavior	at	twenty-four	and	thirty-six	months.	

Child	Dev,	1998,	69:	1145–1170.	[Medline]
37)	 Child-care	and	family	predictors	of	preschool	attachment	and	stability	from	infancy.	Dev	Psychol,	2001,	37:	847–862.	[Medline]  [CrossRef]
38)	 Anme	T,	Shinohara	R,	Sugisawa	Y,	et	al.:	Gender	differences	of	children’s	social	skills	and	parenting	using	Interaction	Rating	Scale	(IRS).	Procedia	Soc	Behav	

Sci,	2010,	2:	260–268.		[CrossRef]
39)	 Sawada	Y,	Honda	N,	Narumiya	M,	et	al.:	Characteristics	of	social	skills	of	high	risk	children	with	NICU	hospitalization	experience.	J	Jpn	Soc	Neonatal	Health	

Dev,	2018,	30:	2189–7549.
40)	 Brownell	CA,	Ramani	GB,	Zerwas	S:	Becoming	a	social	partner	with	peers:	cooperation	and	social	understanding	in	one-	and	two-year-olds.	Child	Dev,	2006,	

77:	803–821.	[Medline]
41)	 Bronfenbrenner	U:	The	ecology	of	human	development:	experiments	by	nature	and	design.	Cambridge:	Harvard	University	Press,	1979.
42)	 Erikson	EH:	Identity	and	life	cycle:	selected	papers.	In:	Psychological	issues.	New	York:	International	Universities	Press,	1959.
43)	 Bowlby	J:	Attachment	and	loss,	vol.1:	Attachment.	New	York:	Basic	Books,	1969.
44)	 NICHD	Early	Child	Care	Research	Network:	Nonmaternal	care	and	family	factors	in	early	development:	an	overview	of	the	NICHD	study	of	early	child	care.	

J	Appl	Dev	Psychol,	2001,	22:	457–492.		[CrossRef]
45)	 Anme	T,	Segal	UA:	Implications	for	the	development	of	children	in	over	11	hours	of	centre-based	care.	Child	Care	Health	Dev,	2004,	30:	345–352.	[Medline]  

[CrossRef]
46)	 Society	for	the	Kyoto	Scale	of	Psychological	Development	Test:	Shinpan	K	Shiki	Hattatsu	Kensahou	2001	Nenban	[The	Kyoto	Scale	of	Psychological	Develop-

ment	Test	2001].	Kyoto:	Nakanishiya	Shuppan,	2008	(in	Japanese).
47)	 Tanaka	E,	Tomisaki	E,	Shinohara	R,	et	al.:	Implication	of	social	competence	development	among	thirty-month	toddlers:	focused	on	theory	of	mind.	J	Epide-

miol,	2010,	20:	447–451.		[CrossRef]
48)	 Tomisaki	E,	Tanaka	E,	Shinohara	R,	et	al.:	Social	competence	development	and	sleep	habits:	longitudinal	perspective.	J	Epidemiol,	2010,	20:	435–440.		[Cross-

Ref]
49)	 Anme	T:	An	evaluation	of	environmental	stimulation	and	health	and	welfare	support	system.	J	Natl	Rehab	Cent	Disabl,	1991,	12:	29–36.
50)	 Anme	T:	Evaluation	for	child	care	environment.	Tokyo:	Kawasima	Publication,	1996.
51)	 Anme	T:	Evaluation	of	child	care	environment	for	18-month	child.	Jpn	J	Public	Health,	1997,	44:	346–352.
52)	 Anme	T,	Tanaka	E,	Watanabe	T,	et	al.:	Japan	children’s	study	group.	Parent-child	interactions	and	child	social	competence:	longitudinal	evidence	using	the	

interaction	rating	scale	(IRS).	New	York:	Nova	Science	Publisher,	2015.
53)	 Iwata	O,	Iwata	S,	Lin	YC,	et	al.:	Promoting	sound	development	of	preterm	infants	in	the	name	of	developmental	neuroscience:	beyond	advanced	life	support	

and	neuroprotection.	Pediatr	Neonatol,	2021,	62:	S10–S15.	[Medline]  [CrossRef]

http://dx.doi.org/10.1016/S0163-6383(03)00035-3
http://www.ncbi.nlm.nih.gov/pubmed/9768491?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11699758?dopt=Abstract
http://dx.doi.org/10.1037/0012-1649.37.6.847
http://dx.doi.org/10.1016/j.sbspro.2010.03.008
http://www.ncbi.nlm.nih.gov/pubmed/16942491?dopt=Abstract
http://dx.doi.org/10.1016/S0193-3973(01)00092-2
http://www.ncbi.nlm.nih.gov/pubmed/15191425?dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2214.2004.00429.x
http://dx.doi.org/10.2188/jea.JE20090173
http://dx.doi.org/10.2188/jea.JE20090148
http://dx.doi.org/10.2188/jea.JE20090148
http://www.ncbi.nlm.nih.gov/pubmed/33358439?dopt=Abstract
http://dx.doi.org/10.1016/j.pedneo.2020.11.006

