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Abstract

Objective 
To	 compare	 functional	 outcomes	 of	 7-year-old	 (school	 age)	 children	 born	 small	 for	
gestational	age	(SGA;	ie,	a	birth	weight	z score	≤	-1	SD),	with	appropriate	for	gestational	
age	(AGA)	peers,	born	moderately	preterm	or	full	term.

Study design 
Data	 were	 collected	 as	 part	 of	 the	 Longitudinal	 Preterm	 Outcome	 Project	 study,	 a	
community-	 based,	 prospective	 cohort	 study	 of	 336	 AGA	 and	 42	 SGA	 born	 children	
(median	gestational	age	35	weeks,	range	31-41).	Of	the	SGA	children,	32	were	moderately	
preterm,	10	were	full	term;	of	the	AGA,	these	numbers	were	216	and	120,	respectively.	At	
6.9	years,	we	assessed	intelligence,	verbal	memory,	attention,	visuomotor	integration,	
and	 motor	 skills	 and	 we	 collected	 the	 parent-reported	 executive	 functioning.	 We	
compared	the	outcomes	of	the	SGA	children	with	those	of	their	AGA	peers.	

Results 
The	 performance	 of	 SGA	 children	was	 similar	 to	 that	 of	 their	 AGA	peers,	 except	 for	
attention	control	which	was	abnormal	more	often	 in	SGA	children	 (OR	3.99,	95%	CI	
1.32-12.12).	The	 IQ	of	 SGA	 children	was	3	points	 lower,	 but	 this	difference	 failed	 to	
reach	signi�icance.	

Conclusions 
At	school	age,	children	born	SGA	have	a	greater	risk	of	abnormal	test	scores	on	attention	
control	than	children	born	AGA,	independent	of	gestational	age.	Their	motor	and	many	
other	 cognitive	 functions	 are	 similar.	 The	 impact	 of	 these	 outcomes	 seems	 limited.	
Nevertheless,	the	consequences	for	school	performance	deserve	attention.
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Introduction

An	infant	born	small	for	gestational	age	(SGA)	is	considered	to	be	at	risk	of	impaired	
development	in	childhood.(1)	Reports	on	the	outcomes	of	SGA-born	children	vary	from	
minor	to	major	de�icits	in	comparison	with	their	appropriate	for	gestational	age	(AGA)	
peers.(2-7)	These	de�icits	may	lead	to	impaired	neurocognitive	outcome	at	school	age.
(8)
	 Another	 risk	 factor	 associated	 with	 impaired	 neurodevelopmental	 outcomes	
is	 preterm	 birth.(9,10)	 Very	 preterm	 birth	 (<32	 weeks’	 gestational	 age	 [GA])	 can	
cause	 serious	 perinatal	 complications	 and	 neurodevelopmental	 sequelae.(11)	 The	
combination	of	very	preterm	birth	and	born	SGA,	poses	an	additional	risk,(12)	but	to	
what	extent	is	still	under	debate.	Previously,	with	another	cohort,	we	found	that	children	
born	very	preterm	and	SGA	have	poorer	total	and	�ine	motor	skills,	selective	attention,	
and	visual	perception	compared	with	their	very	preterm,	AGA	peers.(13)	Another	study	
showed	lower	intelligence	in	the	very	preterm	SGA	children.(14)	

	 The	majority	of	SGA	children,	however,	are	born	moderately	preterm	(MPT)	or	full	
term	rather	than	very	preterm.	As	with	being	born	SGA,	MPT	birth	also	appears	to	be	a	
risk	factor	associated	with	impaired	outcome.(15-18)	The	additional	effects,	however,	of	
SGA	birth	in	MPTs	and	full	terms	on	neurodevelopment	are	not	yet	understood.	Previous	
studies	on	functional	outcomes	of	MPT	and	full	term	SGA	children	reported	con�licting	
results.(19-21)	Differences	in	outcomes	may	be	the	result	of	the	variety	of	subgroups,	
the	de�inition	of	SGA,	 the	 inclusion	of	preterm-born	or	 full	 term-born	children,	or	 to	
the	fact	that	most	were	single-center	studies.	Because	our	study	group	is	a	community-
based	cohort,	our	�indings	might	add	to	the	knowledge	on	neurodevelopment	of	MPT	
and	 full	 term-born	 SGA	 children.	 Our	 aim	was,	 therefore,	 to	 compare	 the	 functional	
outcomes	of	7-year-old	(school	age)	MPT	and	full	term	children	born	SGA	with	that	of	
their	AGA	peers	in	a	community-based	cohort,	while	taking	into	account	sex	and	GA.

Methods

This	study	was	part	of	the	Longitudinal	Preterm	Outcome	Project,	a	study	on	growth,	
development,	and	general	health	of	preterm-born	children.(22)	Children	were	recruited	
from	13	Dutch	Preventive	Child	Health	Care	Centers	at	 the	age	of	4	years.	From	this	
community-based	 cohort	 of	 45446	 children	 born	 during	 2002	 and	 2003,	 all	 1843	
preterms	(<36	weeks’	GA)	and	a	matched	random	sample	of	674	full	terms	(38-41+6	

weeks’	GA)	were	included.	The	matched	full	term	group	comprised	the	�irst	subsequent	
child	from	the	same	birth	year	as	a	preterm	born	child	with	a	GA	between	38+0	and	
41+6	weeks	that	was	�iled	after	each	second	preterm	child.	The	GAs	were	calculated	
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from	 the	 date	 of	 last	menstruation,	 and	 in	 the	majority	 of	 cases	 con�irmed	by	 early	
ultrasound	measurements.	We	excluded	children	with	major	congenital	malformations,	
congenital	infections,	or	syndromes.	
	 At	 7	 years	 of	 age,	we	 invited	 all	 children	 from	 the	 cohort	 to	 participate	who	 had	
participated	at	the	age	of	4	years	and	who	were	living	in	the	3	northern	provinces	of	The	
Netherlands	(Groningen,	Friesland,	and	Drenthe):	341	MPTs	(32-35+6	weeks’	GA)	and	
195	full	terms	(38-41+6	weeks’	GA).	The	parents	of	93	MPT	children	and	65	full	term	
children	could	not	be	 traced	or	 they	declined	to	participate	 in	 the	 follow-up,	 leading	
to	a	participation	percentage	of	71%.	We	found	no	signi�icant	differences	between	the	
outcomes	of	children	who	participated	in	the	present	study	and	those	who	dropped	out.	
Altogether,	248	born	MPT	(138	boys,	110	girls,	median	GA	34	weeks)	and	130	full	term	
children	(58	boys,	72	girls,	median	GA	40	weeks)	participated	in	our	study.	
	 For	the	present	study,	we	used	the	same	cohort	to	compare	the	functional	outcomes	
of	MPT	and	full	term	children	born	SGA	with	those	of	their	AGA	peers.	We	categorized	
the	MPT	and	full	term	children	into	1	of	2	groups:	birth	weight	<	-1	SD	and	birth	weight	
>	-1	SD	according	to	GA	using	the	Dutch	Kloosterman	curve.(23)	We	took	a	somewhat	
lower	cut-off	for	SGA	(-1	SD,	below	the	16th	percentile)	according	to	the	�indings	of	the	
Etude	Epidemiologique	sur	les	Petits	Ages	Gestationnels	study,(24)	and	also	to	increase	
the	power	of	potential	differences	between	 the	groups.	We	denoted	 the	study	group	
(birth	weight	<	-1	SD)	as	SGA.	Of	42	SGA	children	32	(76%)	were	MPT,	and	10	(24%)	
were	full	term.	Eighteen	of	the	32	MPT	and	5	of	the	10	full	term	children	were	below	the	
10th	percentile.	
	 Medical	data	were	extracted	 from	hospital	charts.	The	study	was	approved	by	the	
Ethics	 Review	 Board	 of	 University	 Medical	 Center	 Groningen.	 Examinations	 were	
performed	 in	 accordance	 with	 the	 institutional	 and	 international	 ethical	 standards,	
with	written	informed	consent	from	all	parents.	
	 Children	and	their	parents	were	invited	to	visit	University	Medical	Center	Groningen	
or	 a	 well-baby	 clinic	 in	 their	 neighborhood	 for	 a	 3-hour	 assessment	 comprising	 a	
number	of	 standardized	neuropsychologic	 tests	 and	a	questionnaire.	Each	 child	was	
tested	 individually	by	a	 trained	psychologist,	who	was	blind	as	 to	group	assignment,	
whereas	the	parents	completed	the	questionnaire	in	the	waiting	room.	

Cognitive outcomes 
We	assessed	cognitive	outcomes	by	using	several	standardized	tests.	A	short	 form	of	
the	Wechsler	Intelligence	Scale	for	Children,	Third	Edition,	Dutch	version	was	used	to	
determine	 intelligence.(25,26)	We	 calculated	 total	 IQ	 on	 the	 basis	 of	 the	 verbal	 and	
performance	IQ	subtests.	We	measured	selective	attention	and	attention	control	with	
“Map	Mission”	and	“Opposite	Worlds,”	2	subtests	of	the	Test	of	Everyday	Attention	for	
Children.(27)	Selective	attention	refers	to	a	child’s	ability	to	select	target	information	
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from	an	 array	of	 distractors.	Attention	 control	 refers	 to	 the	 ability	 to	 shift	 attention	
�lexibly	 and	 adaptively.	 To	 assess	 verbal	 memory,	 we	 used	 Rey’s	 Auditory	 Verbal	
Learning	Test.(28)	It	consists	of	a	15-word	list	that	is	repeated	to	the	child	5	times.	After	
each	 trial,	we	 tested	 immediate	 recall.	 Delayed	 recall	was	 assessed	 after	 an	 interval	
of	 20	 minutes.	 To	 assess	 visuomotor	 integration,	 we	 used	 “Design	 Copying”	 of	 the	
Neuropsychological	Assessment,	Second	Edition.(29)	Visuomotor	integration	involves	
the	integration	of	visual	information	with	�inger-hand	movements.	
	 We	 used	 the	 Behavior	 Rating	 Inventory	 of	 Executive	 Function	 questionnaire,(30)	

which	was	 �illed	out	 by	 the	parents,	 to	 assess	 executive	 functioning	 in	daily	 life.	We	
transformed	 the	 percentile	 rank	 scores	 (high	 percentile	 means	 poor	 outcome)	 of	
the	 global	 executive	 composition	 score	 into	 percentiles	 (low	 percentile	means	 poor	
outcome).	We	did	this	to	present	all	outcome	measures	in	the	same	way.	

Motor outcome 
We	used	the	Movement	Assessment	Battery	for	Children	(Movement	ABC)(31)	to	assess	
motor	outcomes.	This	 is	 a	 standardized	 test	 that	measures	 total	motor	performance	
based	on	 subscores	using	Dutch	norms	 for	manual	dexterity	 (�ine	motor	 skills),	 ball	
skills,	and	static-dynamic	balance	(coordination).	The	greater	the	score,	the	poorer	the	
outcome.	

Statistical analyses 
MPT	and	 full	 term	groups	were	 combined	 for	 analyses.	We	 tested	 the	differences	 in	
patient	demographics	between	SGA	and	AGA	groups	with	the	Mann-Whitney	U	test	or	
the	χ2	 test	where	appropriate.	Regarding	 functional	outcomes,	we	 tested	differences	
in	 continuous	 outcome	 scores	 between	 the	 SGA	 and	 AGA	 groups	 by	multiple	 linear	
regression	analyses.	Next,	we	adjusted	for	GA	(MPT/full	 term),	sex,	and	assessed	the	
interaction	of	SGA/AGA	by	GA	category.	GA	was	dichotomized	as	to	avoid	the	assumption	
of	 exponential	 associations	 between	 determinant	 and	 outcome,	 a	 peculiarity	 of	 the	
logistic	 model.	 Second,	 we	 classi�ied	 functional	 outcomes	 into	 3	 categories;	 normal	
(>15th	 percentile,	 IQ	 ≥85),	 borderline	 (5-15th	 percentile,	 IQ	 70-84),	 and	 abnormal	
(<5th	percentile,	 IQ	<70).	The	motor	outcome	classi�ication	was	based	on	 the	Dutch	
norms	in	the	manual.	Third,	we	calculated	OR	via	multiple	logistic	regression	analyses	
and	investigated	OR	for	borderline/abnormal	vs	normal	and	for	abnormal	vs	normal/
borderline	 outcomes.	 Next,	 we	 adjusted	 for	 GA	 and	 sex,	 and	 again	 assessed	 the	
interaction	of	 SGA/AGA	with	GA	 category.	We	adjusted	 for	GA	and	 sex	 as	 these	may	
act	as	confounders	even	if	they	do	not	differ	with	statistical	signi�icance	between	the	2	
groups.	
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Results

In	Table	1,	we	present	an	overview	of	the	background	characteristics	of	the	SGA	children	
vs	their	AGA	peers.	The	mean	age	at	 follow-up	was	6.9	years	(range	6.4-7.3).	Groups	
differed	 regarding	birth	weight,	head	circumference	at	birth	 (also	 z	 score),	 cesarean	
delivery,	and	hospital	admittance.	Of	the	378	children	in	the	cohort,	32	were	MPT	and	
SGA;	216	were	MPT	and	AGA;	10	were	full	term	and	SGA,	and	120	were	full	term	and	
AGA.	

Table 1. Participants’ background characteristics

SGA AGA P value

Number 42 336

Male 61.9 50.6 .192

GA,	wk 34.5	(32.0-40.0) 35.0	(31.0-41.0) .064

Birth	weight,	g 1696	(705-2970) 2655	(1350-5040) <.001

Birth	weight	z	score −1.3	(−2.6	to	−1.0) 0.3	(−1.0	to	4.0) <.001

HC	(179/378),	cm 30.0	(27.0-32.5) 32.0	(28.0-38.7) <.001

HC	z	score	*	(179/378) −1.0	(−2.6	to	0.3) 0.1	(−2.3	to	4.3) <.001

Maternal	height,	cm	(307/378) 168	(154-184) 170	(150-188) .107

SES	maternal,	% .564†

	Low 20.0 24.8

	Middle 37.5 40.4

	High 42.5 34.8

SES	paternal,	% .999†

	Low 30.0 30.0

	Middle 35.0 37.7

	High 35.0 32.3

Multiple	gestation,	% 25.0 15.8 .176

Cesarean	delivery	(356/378),	% 50.0 21.8 <.001

Apgar	at	5	min 10	(4-10) 10	(3-10) .593

Hospital	admittance,	d 23.5	(0.0-79.0) 11.0	(0.0-118.0) <.001

Mechanical	ventilation,	% 9.5 4.8 .210

HC, head circumference; SES, socioeconomic status.
Data are given as numbers, percentage, or median (range). Missing data are excluded in percentages.
In case of executive functioning, we only adjusted for GA, because scores on executive functioning are based 
on sex-specifi c norms.
* According to Niklasson.(32) 
† P value based on low vs middle/high
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Cognitive outcomes 
Despite	the	fact	that	on	average	both	performance	intelligence	and	verbal	intelligence	
were	3	IQ	points	lower	in	the	SGA	group,	this	�inding	was	not	statistically	signi�icant	
(Table	2).	On	average,	total	IQ	was	3	points	lower	in	SGA	children,	which	just	failed	to	
reach	signi�icance	when	unadjusted	(P	=	.051),	and	was	not	signi�icant	when	adjusted	
for	 GA	 and	 sex.	 This	 was	 the	 same	 for	 scores	 on	 visuomotor	 integration	 (P	 =	 .050	
unadjusted,	not	signi�icant	when	adjusted).	We	found	no	signi�icant	interaction	of	AGA/
SGA	with	GA-category	on	any	functional	outcome	measure.	

Table 2. Cognitive and motor outcomes in SGA and AGA children

Outcome domains SGA, n = 42 AGA, n = 336

Unadjusted Adjusted for group 
(preterm/full term) 

and sex

B Beta P value Beta P value

Cognitive	outcomes

	Total	intelligence* 99.3	(10.4) 102.5	(9.9) −3.2 −0.101 .051 −0.094 .067

	Verbal	intelligence* 101.4	(11.0) 104.7	(11.6) −3.3 −0.090 .080 −0.088 .091

	Performance	intelligence* 97.1	(12.6) 100.3	(12.1) −3.1 −0.081 .118 −0.072 .159

	Selective	attention† 40.6	(24.5) 36.9	(26.5) 3.8 0.045 .383 0.054 .303

	Attention	control† 52.2	(34.2) 55.0	(31.7) −2.8 −0.027 .596 −0.006 .900

	Verbal	memory:	immediate	recall† 59.1	(31.7) 54.2	(31.9) 4.9 0.048 .349 0.066 .200

	Verbal	memory:	delayed	recall† 49.1	(31.1) 49.1	(31.6) −0.03 0.000 .995 0.015 .769

	Visuomotor	integration‡ 7.6	(2.3) 8.3	(2.3) −0.7 −0.101 .050 −0.082 .102

	Executive	functioning† 60.7	(31.6) 65.1	(27.1) −4.3 −0.049 .340 −0.042 .417

Motor	outcomes

	Total	score† 51.4	(31.3) 50.1	(29.6) 1.3 0.013 .797 0.023 .653

	Manual	dexterity§ 1.3	(1.8) 1.1	(1.9) 0.13 0.022 .677 0.005 .924

	Ball	skills§ 1.6	(2.0) 2.0	(2.0) −0.49 −0.075 .148 −0.077 .142

	Static-dynamic	balance§ 1.6	(2.5) 1.4	(2.3) 0.19 0.025 .637 0.014 .786

Data are given as mean (SD).
* IQs.
† Percentiles; low percentile means poor outcome.
‡ Raw scores; greater scores indicate better outcomes.
§ Raw scores; lower scores indicate better outcomes.

	 In	 Figure	 1,	 we	 present	 the	 data	 on	 functional	 outcomes	 categorized	 as	 normal,	
borderline,	and	abnormal.	The	distribution	was	similar	for	SGA	and	AGA	children,	except	
for	attention	control	(1	of	2	subtests	of	attention).	In	comparison	with	AGA	children,	
the	performance	on	attention	control	of	SGA	children	was	abnormal	more	often	with	
OR	3.99	 (95%	CI	1.32-12.12),	which	 remained	signi�icant	after	adjusting	 for	GA	and	
sex	 (Table	 3).	 In	 SGA	 children,	 executive	 functioning	 was	 categorized	 as	 borderline	
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or	abnormal	more	often,	but	this	difference	failed	to	reach	signi�icance	(OR	2.50	95%	
CI,	0.95-6.60;	Table	4).	Again,	no	signi�icant	 interaction	existed	of	AGA/SGA	with	GA	
category	on	any	outcome	measure.	

Motor outcomes 
Motor	outcomes	did	not	differ	between	groups	(Tables	2-4).	Nevertheless,	if	we	classi�ied	
outcomes	and	calculated	OR,	either	unadjusted	or	adjusted	for	GA	and	sex,	SGA	children	
were	less	likely	to	score	borderline/abnormal	on	the	ball	skills	subscale	(Table	4),	but	
the	differences	failed	to	reach	signi�icance	when	adjusted.	The	interaction	of	SGA/AGA	
with	GA	category	also	was	not	signi�icant	on	any	functional	motor	outcome	measure.	

Figure 1. The distribution of children with cognitive and motor outcomes classifi ed as Normal (>15th percentile, 
IQ≥85), borderline (5-15th percentile, IQ 70-84), and abnormal (<5th percentile, IQ <70), including exact numbers.
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Figure 1. The distribution of children with cognitive and motor outcomes classifi ed as Normal (>15th percentile, 
IQ≥85), borderline (5-15th percentile, IQ 70-84), and abnormal (<5th percentile, IQ <70), including exact numbers.

Table 3. OR and aOR for cognitive and motor outcomes in SGA children compared with AGA children: Abnormal 
vs normal/borderline

Abnormal vs normal/borderline

OR P value aOR* P value

Cognitive	outcomes
	Total	intelligence − −
	Verbal	intelligence − −
	Performance	intelligence − −
	Selective	attention 0.67	(0.15-2.97) .602 0.61	(0.14-2.73) .521
	Attention	control 3.99	(1.32-12.12) .015 3.49	(1.13-10.79) .030
	Verbal	memory:	immediate	recall 0.40	(0.05-3.10) .384 0.38	(0.05-3.10) .380
	Verbal	memory:	delayed	recall 1.90	(0.52-6.96) .333 1.68	(0.22-2.23) .440
	Visuomotor	integration 1.82	(0.38-8.71) .455 1.53	(0.79-2.98) .210
	Executive	functioning 1.82	(0.38-8.71) .455 1.68	(0.35-8.08) .521
Motor	outcomes
	Total	score 0.48	(0.06-3.68) .477 0.41	(0.05-3.19) .394
	Manual	dexterity 1.19	(0.14-9.96) .870 1.00	(0.12-8.51) .999
	Ball	skills 1.00	(0.40-2.51) .996 0.98	(0.39-2.48) .967
	Static-dynamic	balance 1.30	(0.48-3.54) .610 1.34	(0.48-3.69) .576

−, not possible to derive because of empty cell.
Data are given as OR (95% CI).
* aOR: OR adjusted for GA (MPT/full term) and sex. In case of executive functioning, we adjusted only for GA, 
because scores on executive functioning are based on sex-specifi c norms.

Table 4. OR and aOR for cognitive and motor outcomes in SGA children in comparison with AGA children: 
borderline/abnormal vs normal

Borderline/abnormal vs normal

OR P value aOR* P value

Cognitive	outcomes
	Total	intelligence 1.81	(0.38-8.68) .458 1.55	(0.32-7.66) .588
	Verbal	intelligence 1.63	(0.34-7.68) .540 1.79	(0.37-8.58) .467
	Performance	intelligence 1.55	(0.56-4.26) .399 1.31	(0.47-3.67) .611
	Selective	attention 0.65	(0.28-1.53) .327 0.62	(0.26-1.45) .270
	Attention	control 1.36	(0.57-3.26) .487 1.17	(0.48-2.86) .725
	Verbal	memory:	immediate	recall 0.95	(0.38-2.36) .907 0.89	(0.35-2.24) .797
	Verbal	memory:	delayed	recall 0.98	(0.46-2.07) .950 0.88	(0.41-1.89) .735
	Visuomotor	integration 1.69	(0.89-3.21) .111 1.53	(0.79-2.98) .210
	Executive	functioning 2.50	(0.95-6.60) .064 2.36	(0.89-6.26) .085
Motor	outcomes
	Total	score 1.26	(0.55-2.89) .579 1.20	(0.51-2.79) .676
	Manual	dexterity 1.15	(0.33-4.02) .831 0.97	(0.27-3.47) .960
	Ball	skills 0.45	(0.20-0.99) .050 0.46	(0.20-1.02) .057
	Static-dynamic	balance 1.37	(0.64-2.95) .415 1.32	(0.61-2.87) .483

Data are given as ORs (95% CI).
* aOR: OR adjusted for GA (MPT/full term) and sex. In case of executive functioning, we adjusted only for GA, 
because scores on executive functioning are based on sex-specifi c norms.
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Discussion

Our	aim	was	 to	compare	 functional	outcomes	of	7-year-old	 (school	age)	MPT	and	 full	
term	children	born	SGA	with	their	AGA	peers	in	a	community-based	cohort	and	taking	
into	account	GA	and	sex.	The	outcomes	of	the	2	groups	were	similar,	except	for	attention	
control.	The	odds	of	SGA	children	to	have	abnormal	scores	on	attention	control	were	4	
times	greater	than	that	of	their	AGA	peers.	This	result	held	after	adjusting	for	GA	and	sex.	
One	should	be	aware,	however,	that	attention	control	only	differs	between	SGA	and	AGA	
when	categorized.	Because	no	differences	in	attention	control	were	found	in	the	linear	
analysis,	this	might	be	a	chance	�inding.	Furthermore,	the	risk	of	problems	on	selective	
attention,	the	other	aspect	of	attention	we	assessed,	did	not	differ	between	the	2	groups.	
	 Previously,	3	studies	reported	on	attention	with	con�licting	results.(20,21,33)	Leitner	
et	 al	 (21)	 investigated	 attention	 span	 and	 found	 poorer	 outcomes	 in	 SGA	 children	
consistent	with	our	�indings.	Emond	et	al,(20)	who	also	investigated	attention	control,	
found	no	differences.	They	compared	full	term	SGA	children	(birth	weight	1500-2500	
g)	 with	 full	 term	 controls	 (birth	 weight	 3000-3500	 g)	 at	 the	 age	 of	 8,	 whereas	 we	
studied	mainly	MPT-born	SGA	children.	This	possibly	explains	the	discrepancy	between	
the	�indings	of	Emond	et	al	(20)	and	ours.	Viggedal	et	al	(33)	found	no	differences	in	
attention	between	SGAs	and	their	AGA	peers.	They	used	a	different	test	from	the	one	
we	used	and	they	studied	the	SGA	children	at	24	years	of	age.	If	the	differences	between	
their	�indings	and	ours	were	not	based	on	test	speci�ics,	then	it	might	imply	that	our	
�inding—more	SGA	 children	with	 abnormal	 attention	 control—will	 diminish	as	 they	
grow	older.	
	 Regarding	intelligence,	the	mean	scores	of	total,	verbal,	and	performance	IQ	were	on	
average	3	IQ	points	lower	in	the	SGA	group,	yet	the	differences	failed	to	reach	statistical	
signi�icance.	These	 �indings	are	 in	 line	with	 those	of	Emond	et	al,(20)	who	reported	
a	 total	 IQ	4	points	 lower	 in	 the	SGA	group,	based	on	verbal	 IQ	 (3	points	 lower)	and	
performance	 IQ	 (5	points	 lower).	Yet,	 their	 �indings	also	 failed	 to	 reach	 signi�icance.	
Theodore	et	al	(34)	found	no	signi�icant	differences	in	IQ	at	7	years	between	full	term	
SGA	 children	 (birth	 weight	 <10th	 percentile)	 and	 controls.	 In	 a	 study	 on	 full	 term	
intrauterine	growth	restriction	(IUGR;	birth	weight	<5th	percentile)	children	at	6	years,	
performance	IQ	showed	the	greatest	outcome	differences	with	AGA	peers.(35)	Other	
studies	did	�ind	signi�icant	differences	in	IQ.(19,21,33,36)	Geva	et	al	(19)	and	Leitner	
et	al	(21)	reported	that	main	IQ	outcomes	were	10	points	lower	in	children	born	with	
IUGR;	birth	weight	<P10	and	proven	placenta	insuf�iciency.(19,21)	An	explanation	may	
be	that	the	impact	of	low	birth	weight	on	general	cognitive	development	is	smaller	than	
the	impact	of	IUGR.	
	 As	indicated	by	the	lower	scores	of	SGA	children,	their	visuomotor	integration	was	
more	affected	than	that	of	AGA	children.	Yet,	this	difference	failed	to	reach	statistical	



Follow-up at school age after FGR

103

6

signi�icance.	We	draw	attention	to	the	fact	that	the	scores	of	the	AGA	children	were	low	
in	comparison	with	the	standard	scores	in	the	population,	yet	in	the	SGA	group	they	were	
even	 lower.	These	results	were	similar	 to	 the	 �indings	of	previous	studies.(19,21,35)	
Because	visuomotor	integration	was	assessed	with	“Design	Copying,”	the	question	rises	
whether	the	average	poorer	scores	in	the	SGA	group	were	related	to	poorer	cognitive	
transformation	 of	 the	 visual	 information	 into	motor	 action	 (manipulating	 a	 pencil),	
or	to	a	�ine	motor	problem.	Like	Emond	et	al,(20)	we	found	no	differences	in	manual	
dexterity	(motor	outcome)	between	SGA	and	AGA	children;	thus,	we	assume	that	being	
born	SGA	affects	the	integration	of	visual	information	and	�ine	motor	functioning.	
	 Mean	total	scores	on	motor	functioning	were	similar	for	the	SGA	and	AGA	groups.	
Surprisingly,	 SGA	 children	 performed	 slightly	 better	 on	 the	 ball	 skill	 subtest.	 More	
speci�ically,	more	AGA	children	performed	in	the	borderline	range	(thus	poorer)	on	ball	
skills	than	the	SGA	group,	but	this	�inding	was	not	signi�icantly	different.	Apparently,	
the	ability	to	control	a	ball	is	not	affected	by	being	born	SGA.	This	unexpected	�inding	
was	also	reported	by	Evensen	et	al,	where	none	of	the	full	term	SGA	(<P10)	children	had	
abnormal	ball	skills	vs	3	of	71	full	term	controls	(Movement	ABC).(37)
	 Other	 long-term	 follow-up	 studies	 con�lict	 with	 our	 results:	 Emond	 et	 al	 (20)	

found	no	differences	 in	manual	dexterity,	whereas	they	did	 in	ball	skills	and	balance	
(Movement	ABC).	Conversely,	Sommerfelt	et	al	(38)	found	poorer	manual	dexterity	in	
their	study	group	and	no	differences	in	ball	skills	and	balance	(Peabody	Developmental	
Motor	Scales).	Differences	in	motor	outcomes	between	these	studies	and	ours	may	be	
explained	by	the	age	difference	of	the	groups	(14	vs	7	years)	and	by	the	type	of	tests	
used.	
	 Overall,	we	 found	 few	differences	between	SGA	children	and	 their	AGA	peers.	We	
offer	2	explanations.	One	concerns	the	de�inition	of	our	study	group.	We	de�ined	SGA	as	
birth	weight	<	-1	SD.	We	did	so	according	to	the	Etude	Epidemiologique	sur	les	Petits	
Ages	Gestationnels	study	(24);	Guellec	et	al	(24)	found	an	increased	risk	of	cognitive	
and	behavioral	 impairment	at	 the	age	of	5	years	 in	preterm	born	mild	SGA	children	
de�ined	as	10th-19th	percentile.	Therefore,	we	took	the	cutoff	below	-1	SD,	representing	
the	children	with	birth	weights	below	the	16th	percentile.	This	covers	a	larger	and	thus	
a	possibly	less	impaired	group	than,	for	example,	a	study	group	with	birth	weight	<P2.3	
(-2	SD).	Nevertheless,	with	SGA	de�ined	as	birth	weight	<	-1	SD,	we	still	found	one	aspect	
of	attention,	ie,	attention	control,	to	be	poorer	in	SGA	children	than	in	their	AGA	peers.	
The	 second	 explanation	 is	 that	 we	 may	 have	 included	 constitutionally	 small	 non-
IUGR	 children	 unintentionally,	 whereas	 others	 studied	 IUGR	 children	 speci�ically.	
Unfortunately,	we	did	not	have	access	to	prenatal	ultrasound	information	thus	we	were	
unable	to	distinguish	IUGR	from	SGA.	Maternal	height	was	2	cm	less	in	the	SGA	than	in	
the	AGA	group,	but	this	difference	was	not	statistically	signi�icant.	However,	this	does	not	
exclude	the	possibility	that	some	children	of	the	SGA	group	were	not	growth	retarded	
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but,	instead,	constitutionally	small.	Other	researchers,	such	as	Geva	et	al,	(19)	studied	
children	with	IUGR	and	found	larger	differences	in	functional	outcomes	at	school	age	
in	 comparison	 to	 controls.	 This	 result	might	 indicate	 that	 IUGR	 in	 particular	 affects	
outcome	more	than	SGA	itself.	Even	so,	it	is	of	great	importance	to	know	the	outcomes	
of	these	SGA	children,	because	it	is	not	always	possible	to	distinguish	between	IUGR	and	
SGA	after	birth.	Furthermore,	our	study	was	performed	in	a	community-based	cohort,	
which	is	possibly	the	best	representation	of	the	entire	population.	
	 Functional	outcome	differences	between	SGA	and	AGA	children	showed	no	interaction	
with	GA,	which	indicates	that	functional	outcomes	of	MPT	SGA	children	are	not	different	
to	those	of	full	term	SGA	children.	Over	the	GA	range	from	32	weeks	beyond	term	age,	we	
found	that	SGA	children	perform	poorer	only	on	attention	control.	This	may	be	different	
for	the	GA	range	younger	than	32	weeks.	Previously	we	reported	that	very	preterm	SGA	
children	had	poorer	functional	outcomes	at	school	age	than	their	AGA	peers,	on	several	
more	 domains,	 including	 performance	 IQ,	 selective	 attention,	 and	 visual	 perception.
(13)	This	�inding	indicates	that	being	born	SGA	may	have	more	impact	on	functional	
outcomes	in	children	born	before	32	weeks’	GA	than	in	those	born	after	32	weeks.	Of	
note,	some	measure	of	attention	was	affected	in	SGA	children	over	the	full	GA	range,	be	
it	selective	attention	or	attention	control.	
	 We	 recognize	 some	 limitations.	 The	 measurements	 at	 age	 7	 of	 the	 Longitudinal	
Preterm	Outcome	Project	cohort	originally	were	designed	to	investigate	MPT	children,	
comparing	 them	with	 full	 term	 controls.	 In	 this	 study	 we	 used	 the	 same	 cohort	 to	
compare	SGA	and	AGA	children,	among	both	MPT	and	full	term	children.	This	resulted	
in	a	rather	small	number	of	children	born	SGA,	particularly	for	the	GA	subgroups,	which	
has	limited	the	power	to	detect	small	differences.	Even	so,	to	the	best	of	our	knowledge	
this	 is	 one	of	 the	 few	 studies	 comparing	SGA	with	AGA	peers	 in	 a	population-based	
regional	cohort.	Another	limitation	is	the	fact	that	our	�indings	may	seem	inconsistent.	
For	example,	no	differences	were	found	in	attention	control	measured	as	a	continuous	
variable,	 but	 differences	were	 found	when	 this	 variable	was	 categorized	 in	 normal,	
subclinical,	and	abnormal.	Our	�indings	should	thus	be	interpreted	with	caution,	they	
could	be	based	on	chance	�indings.	It	might,	however,	also	be	that	the	distribution	of	the	
scores,	particularly	of	those	above	the	5th	percentile,	leads	to	nonsigni�icant	differences,	
whereas	the	numbers	of	individual	infants	with	scores	below	the	5th	percentile	indeed	
are	different.	If	so,	this	is	relevant	for	daily	practice.	
	 Because	 attention	 plays	 an	 important	 role	 in	 adequate	 school	 performance,(27)	

impaired	attention	control	in	SGA	children	may	affect	the	development	of	their	academic	
skills.	Clinicians	and	teachers	should	be	aware	of	this	possible	de�icit	in	the	cognitive	
pro�ile	of	MPT	and	full	term	children	born	SGA.
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