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CONTEXT: Children who experienced intrauterine growth restriction (IUGR) may be at

abstract

increased risk for adverse neurologic developmental outcomes during the school-age years
of life.
OBJECTIVE: To estimate the effect of IUGR on cognition and behavior in school-aged children.
DATA SOURCES: Medline, Embase, and PsycINFO were searched for English-language articles

published after 1980.
DATA SELECTION We included case-control studies reporting cognitive and/or behavioral data of

children who had IUGR and were evaluated afterfifth birthday.
DATA EXTRACTION: Cognitive data from 15 studies and behavioral data from 6 studies were
selected with a total of 1559 cases and 1630 controls. The cognitive scores and behavioral
outcomes were extracted.
RESULTS: The controls had significantly higher cognitive scores than the children with IUGR
(standardized mean difference [SMD] –0.38, 95% confidence interval [CI] –0.51 to –0.25, P <
.00001). The IQ scores of the IUGR group were not significantly correlated with mean birth
weight and gestational age (P > .05). Five trials were included in the behavioral outcomes
trial, the behavior scores were significantly different between the groups with and
without IUGR (SMD 0.31, 95% CI 0.13 to 0.48, P = .001). The incidence of attention-deficit/
hyperactivity disorder (ADHD) was not significantly different between 2 groups (P = .11).
LIMITATIONS: The number of studies that assessed behavioral and ADHD outcome is small.
CONCLUSIONS: The findings demonstrate that IUGR is associated with lower cognitive scores in

school-age children. However, further large-scale trials are needed to assess the effects of
IUGR on the outcome of behavioral disorder and ADHD.
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In humans, fetal development is a
critical period that influences adult
phenotypes, and a relevant marker
of fetal development is intrauterine
growth restriction (IUGR). IUGR is
defined as a significant reduction
in fetal growth rate that results in
a birth weight in the lowest 10th
percentile for gestational age.1
IUGR is estimated to occur in 5%
to 7% of all pregnancies. The most
common identifiable cause of IUGR
is placental-vascular insufficiency.2
Fetuses affected by IUGR form
a subset of cases of small for
gestational age (SGA) infants, 2 terms
are often used interchangeably.
By 2 to 3 years after birth, infants
with IUGR will undergo catch-up
growth of both the body and head3;
however, approximately 10% of
IUGR cases do not achieve catch-up
growth and exhibit persistent
growth delay.4 Many studies have
shown that IUGR is associated with
increased neonatal morbidity and
mortality as well as cardiovascular
disease, insulin resistance, diabetes
mellitus type 2, dyslipidemia, and
end-stage renal disease in adulthood.
In addition, numerous large-scale
follow-up studies have shown that
IUGR is associated with significant
neurodevelopmental impairment
across a range of outcomes in
children.5–7
The effects of IUGR persist
beyond the neonatal period and
may have a profound impact on
childhood development. To date,
neurodevelopment in school-age
children with IUGR has received
comparatively little attention. Here,
we present a meta-analysis and
systematic review investigating
the associations between IUGR and
neurodevelopmental outcomes in
school-age children. This review
has the following aims: (1) to metaanalytically chart the cognitive and
behavioral outcomes of children
with IUGR; and (2) to examine
the relationships among age at
assessment, birth weight (BW),

and gestational age (GA) and to
determine their effect sizes with
regard to the indices of cognitive
functioning.

METHODS
Inclusion Criteria
The guidelines for reporting
meta-analyses of observational
studies published by Stroup et
al8 were taken into account in
the design, performance, and
report of this meta-analysis. The
following search terms were used:
intrauterine growth restriction,
intrauterine growth retardation,
small for gestational age, child
development, neurodevelopment,
cognition, intelligent, behavior and
behavioral disorder, attentiondeficit/hyperactivity disorder
(ADHD). We searched the Medline,
Embase, PsycINFO, and CINAHL
databases for the period from 1980
to June 2015. The reference lists
of the relevant published articles
were used to identify other relevant
articles for inclusion in this metaanalysis. The search was limited to
English-language publications. The
following inclusion criteria were
used: (1) published in 1980 or later;
(2) examined children with IUGR or
children with SGA; (3) case-control
design; (4) evaluations performed
after the fifth birthdays of the
enrolled subjects; and (5) reported
cognitive data, behavioral data, or
both. Studies were excluded if they
did not meet all of these inclusion
criteria. If multiple studies were
published describing the same cohort
of subjects at different ages, only the
last published report was included
(unless the cognitive and behavioral
data were published separately,
in which case both reports were
included).

Data Extraction
The following data were entered
into a customized database created
for this meta-analysis: study design,

attrition rate, demographic variables,
geographic location, socioeconomic
status, and detailed information
on the cognitive and behavioral
evaluations performed. The data
from each study were reviewed twice
to minimize the chance of data-entry
errors.

Quality Assessment
We also performed quality
assessment for each study included
in the analysis by using existing
checklists (Supplemental Table 6).9
The quality rating scale assessed the
likelihood of bias in 5 methodological
domains: the participant sample (eg,
population sample), the study design
(prospective longitudinal follow-up),
the quality of the data assessment
(eg, gender and demographic data),
the statistical analysis of the data (eg,
the extent of control for potential
confounding variables, such as
maternal socioeconomic status),
and the thoroughness of the results
reported (eg, the presentation
of neurologic outcomes). For the
purposes of the subgroup analysis,
studies that scored ≥8 were
considered to have high quality, and
studies scoring <8 were considered
to have low quality.

Statistical Analysis
Statistical calculations were
performed by using the computer
programs SPSS version 16.0 (IBM
SPSS Statistics, IBM Corporation,
Chicago, IL) and Stata 12 statistical
software (Stata Corp, College
Station, TX). For dichotomous data,
we presented the results as odds
ratio (OR) with 95% confidence
intervals (95% CIs). Data were
combined for the meta-analysis to
calculate a pooled estimate of the
treatment effect for each outcome.
For continuous data, we reported
the standardized mean difference
(SMD). Summary estimates of SMDs
were obtained by using a random
effects model. The I2 statistic and
Galbraith plots were used to assess
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heterogeneity between trials, and
heterogeneity was determined by
using a random effects model. If
substantial heterogeneity was found
between trials (I2 >50%), subgroup
analyses of the main outcomes were
performed. Potential publication
bias was assessed by using the Egger
test. A 2-sided P < .05 was regarded
as significant for all analyses. The
SMDs and trend lines were plotted
graphically, with the size of each
point representing the sample size
of that study. Mean effect sizes
were calculated for each domain,
and overall effects (pooled across
domains) were also calculated.
Pearson’s correlation coefficients (r)
were calculated to test the impact
of mean BW, mean GA, and mean
age at assessment on the strength
of the studies’ effect sizes for all
indices of cognitive achievement and
behavioral problems.

RESULTS
Cognition
Fifteen case-control studies
(including 1499 cases and 1570
controls) that assessed children
after their fifth birthdays were
originally included in our study.
Of the included studies, 3 and 12
assessed the neurodevelopmental
outcomes of children with IUGR born
at <35 and ≥35 weeks of gestation,
respectively. Control subjects were
matched with case subjects in ≥1
demographic features in all studies.
In all 15 studies originally included
in our study, the diagnosis of IUGR
was made by abnormal Doppler
velocimetry of the umbilical and
middle cerebral arteries in the final
assessment before birth and was
confirmed by a BW <10th percentile
for GA at birth.
Details on the studies included
are provided in Table 1. The
standardized cognitive tests that
were used in these studies all had
identical normative scales with

age- and grade-based standard
scores, such as Wechsler Preschool
and Primary Scale of Intelligence,
Revised Wechsler Intelligence Scale
for Children, and Third Wechsler
Intelligence Scale for Children. One10
of the originally included studies did
not present SDs and, thus, could not
be included in the meta-analysis.
Demographic data, such as gender,
race, and socioeconomic status, were
found in most studies. The results
of the quality analysis are shown in
Table 1; most studies were of high to
medium quality (quality score >5).
IQ is used to test cognitive outcomes
in children with IUGR. A randomeffects meta-analysis showed that
the SMD between the mean cognitive
scores of the cases and controls
was –0.38 (95% CI –0.51 to –0.25,
P < .00001), indicating a significant
difference between the 2 groups.
However, the I2 test for heterogeneity
was significant (I2 = 58.1%, P = .003).
The results of the 14 studies included
in the meta-analysis are shown in Fig
1. A Galbraith plot to assess study
heterogeneity showed that the 2
studies14,17with the lowest SMD were
the cause for this heterogeneity.
Frisk et al14 showed the lowest SMD
between the cases and controls,
which is possibly explained by the
fact that the populations of the cases
group (included many preterm
infants) were different from controls
(all term infants).Similarly, the
populations of the cases group in
Leitner et al17 also included many
extremely preterm infants with IUGR.
Thus, heterogeneity (I2 = 12.8%, P =
.32) was no longer significant after
excluding the data of these 2 studies;
the SMD for remaining studies was
–0.28 (95% CI –0.36 to –0.19, P <
.00001). We assessed the possibility
of publication bias by using the
Egger test and did not find significant
publication bias (P = .903).
The IQ test generates scores for
both verbal IQ and performance IQ.
Table 2 presents the sample sizes,
number of studies, and 95% CI for

effect sizes pertaining to verbal IQ
and performance IQ. The scores of
verbal IQ and performance IQ were
available for 8 trials. Compared
with the control group, the verbal
IQ and performance IQ in the IUGR
group were both significantly
reduced. The combined SMD for
verbal IQ was –0.26 (95% CI –0.36
to –0.16, P < .00001, heterogeneity:
I2 = 0%, P = .44), and the combined
SMD for performance IQ was –0.36
(95% CI –0.46 to –0.25, P < .00001,
heterogeneity: I2 = 0, P = .089).
Formal statistical testing showed no
evidence of publication bias for the
outcome of verbal IQ (Egger test, P =
.84) and performance IQ (Egger test,
P = .38).

Behavior Outcomes
Five publications met the inclusion
criteria for the analysis of behavior
outcomes, and they compared the
incidence of behavioral problems
between 237 SGA cases and 257
appropriate for gestational age (AGA)
cases. The behavior function tests
used in these studies included the
Conner Abbreviated Parent Rating
Scale, Strengths and Difficulties
Questionnaire, Child Behavior Check
List tests, and mean reaction time.
The demographic features and
behavioral data from these studies
are summarized in Table 3. When
data from all studies were combined,
the overall SMD was 0.31 (95% CI
0.13 to 0.48, P = .001, heterogeneity:
I2 = 0%, P = .58). This indicated that a
significant difference between the 2
groups (Fig 2).
Four publications (including 206
cases and 194 controls) used
formally defined criteria to diagnose
ADHD in cases and controls (eg,
ADHD Rating Scale-IV, Brown
Attention Deficit Disorder scale), and
the details of these assessments are
shown in Table 4 and Fig 2. These
studies were selected for a randomeffects meta-analysis to calculate
the OR of ADHD in children with
IUGR (Fig 3). The cases had a pooled
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TABLE 1 Studies That Reported on Cognitive Data in Children With IUGR
Studies
Westwood et al,
101983
McCarton et al,
111996
Strauss and Dietz,
12 1998
Sommerfelt et al,
13 2000
Frisk et al,14 2002
Hollo et al,15 2002
Kulseng et al,16 2006
Leitner et al,17 2007
Tideman et al,18
2007
Geva et al,19 2008
Geva et al,20 2009
Martinussen et al,
21 2009
Theodore et al,22
2009
Morsing et al,23
2011
Tanis et al,24 2012

No.
Participants

Year of Birth

Birth Weight
(SD),g

Gestational
Age (SD), wk

Age at
Evaluation, y

Type of Test

Mean Score
(SD)

Quality Score

SGA 33

1960–1966

NA

NA

13–19

WISC

103.6

7

AGA 33
SGA 85

1975–1987

1196 (321)

32.5 (2.6)

5–6

WPPSI-R

108.7
85.4 (14.5)

9

AGA 206
SGA 154

1959–1976

1645 (425)
2260 (290)

32.5 (2.4)
NA

7

WISC

91.4 (16.5)
91 (13)

8

AGA 154
SGA 338

1986–1988

3000 (320)
NA

NA

5

WPPSI-R

92.4 (13.6)
106 (15)

6

1984–1987

NA

7–9

WISC- III

1985

2452
3378
2920 (210)
3690 (458)
1842 (411)
2826 (755)
NA

21–41wk
>37 wk
38 (5)
37.5 (4.9)
39.5 (1.1)
39.6 (1.2)
36.9 (2.4)
37.6 (3.4)
38 (4)

10
14

WISCR
WISC- III

10

WISC-R

18.1

WAIS-

40
36.9 (2.4)
37.6 (3.4)
36.6 (2.3)
38.7 (1.9)
39.5 (1.1)

6

III
WISCR
WPPSI

1986-

1839 (339)
2812 (755)
2.47 (2.53)
51.6 (25.37)
2915 (216)

15

AGA 57
SGA 241

1998
1995–1996

3714 (486)
NA

39.6 (1.1)
NA

AGA 350
SGA 34

1998–2004

642

2000–2001

1015
888
1163

AGA 335
SGA 71
AGA 16
SGA 106
AGA 105
SGA 60
AGA 83
SGA 123
AGA 63
SGA 19

1986–1988
1992
1982–1985

AGA 23
SGA 138
AGA 64
SGA 20
AGA 19
SGA 49

1992–1995
1992–1995

AGA 34
SGA 28
AGA 28

110 (15)
97.5 (12.6)
112.4 (10.5)
90.8 (12.4)
94.2 (10)
94.1 (14.3)
97.1 (14.3)
98.39 (12.9)
107.5 (10.4)
94.5 (15.3)

8
5
9
6
6

WISC- III

101.7 (13.3)
101.1 (13.8)
107.1 (10.8)
105.1 (13.85)
115.3 (13.85)
95 (15)

7

7

WISC- III

98 (15)
108.6 (13)

9

31.5 (5.4)

5–8

WISC-

110.7 (13.6)
78.9 (16.6)

10

30.3 (6.6)
29.7
29.4

8.6

R
WISC- III

10

90.1 (14.2)
93.2 (10.6)
97.5 (12.9)

9
7

9

NA, indicates data were not reported or not extractable; WISC, Wechsler intelligence scale for children; WISC-R, revised Wechsler intelligence scale for children; WISC-III, third Wechsler
intelligence scale for children; WPPSI, Wechsler Preschool and Primary scale of intelligence; WPPSI-R, revised Wechsler Preschool and Primary scale of intelligence.

OR of 2.36 (95% CI 0.78 to 7.11)
compared with the controls (P = .11).
There were no significant differences
between the 2 groups. Heterogeneity
was not significant between these
studies (P = .304).
However, the number of studies that
have assessed behavioral (n = 5) and
ADHD (n = 4) outcome is too small to
make the results of these tests reliable.

Relationship Between Effect Sizes
for IQ Score and Age at Assessment,
BW, and GA
Table 5 displays the Pearson
correlation coefficients for the

relationships between the mean
age at assessment, BW, GA, and the
studies’ effect sizes for cognitive
outcomes. The correlation
coefficients for the relationships
between the effect sizes for IQ
scores and mean BW, and IQ scores
and mean GA were all small and
nonsignificant (all r values >0.5; all P
> .05).
The correlation coefficients for the
relationships between the effect
sizes for performance IQ scores and
mean BW, performance IQ scores
and mean GA, and verbal IQ scores
and mean BW were all small and

nonsignificant (all r values >0.4; all P
> .05). Mean age was not correlated
with IQ scores, verbal IQ scores, and
performance IQ scores (all r values
<0.2; all P > .05).

DISCUSSION
Our meta-analysis shows that
IUGR birth is associated with lower
cognitive scores in school-age
children than in AGA-born controls.
Lower cognitive scores for the cases
were noted in all of the studies
selected for this meta-analysis,
highlighting the developmental
vulnerability of the IUGR brain.
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TABLE 2 Studies That Reported on Verbal IQ Score and Performance IQ Score Data in Children With IUGR
Studies

No. Participants

Verbal IQ Scorea

Verbal IQ SMD (95% CI)

Performance IQ Scoreb

Performance IQ SMD
(95% CI)

SGA 85
AGA 206
SGA 338
AGA 335
SGA 71
AGA 16
SGA 106
AGA 105
SGA 19
AGA 23
SGA 49
AGA 57
SGA 34
AGA 34
SGA 28
AGA 28
SGA 730
AGA 804

85.2 (15)
90.1 (17.1)
102 (15)
105 (15)
103.9 (13.2)
108.9 (8.7)
90.8 (12.4)
94.2 (10)
94.5 (15.3)
101.7 (13.3)
92 (17)
93 (16)
83.8 (17.3)
96.0 (14.5)
95 (13.6)
97.2 (15.1)

−0.30 (–0.55 to –0.04)

88.1 (14.4)
94.3 (16)
108 (15)
112 (14)
107.7 (16)
114.6 (13.8)
94.9 (12.8)
100.8 (12.8)
98.0 (16.1)
107.7 (15.2)
95 (20)
101 (19)
79.3 (16.0)
87.2 (17.2)
92.1 (15.1) 98.6 (12.4)

−0.40 (–0.65 to –0.14)

McCarton et al,11 1996
Sommerfelt et al,13 2000
Frisk et al,14 2002
Hollo et al,15 2002
Tideman et al,18 2007
Martinussen et al,21 2009
Morsing et al,23 2011
Tanis et al,24 2012
Total
P

−0.20 (–0.35 to –0.05)
−0.40 (–0.94–0.15)
−0.30 (–0.57 to –0.03)
−0.51 (–1.12–0.11)
−0.06 (–0.44–0.32)
−0.76 (–1.26 to –0.27)
−0.15 (–0.68–0.37)

−0.28 (–0.43 to –0.12)
−0.44 (–0.99–0.11)
−0.46 (–0.73 to –0.19)
−0.62 (–1.24–0.00)
−0.31 (–0.69–0.08)
−0.48 (–0.96–0.01)
−0.46 (–0.99–0.07)

−0.26 (–0.36 to –0.16)

−0.36 (–0.46 to –0.25)

<.0001

<.0001

a

Values are expressed as mean (SD).
b Values are expressed as mean (SD).

Further large-scale trials are needed
to adequately assess the effects of
IUGR on the behavior and outcome of
ADHD, because the number of studies
that have assessed these outcomes is
small.
Children with lower GA and BW
may be more prone to cognitive and
behavior problems than infants with
higher GA and BW. As we know,
human brains with lower GA are
more vulnerable; and GA at birth
clearly plays an important role in
long-term outcomes with regard
to brain. According to increasing
evidence, extremely premature
infants with IUGR carry a significantly
higher risk for long-term cognitive
sequelae compared with term
infants with IUGR.29–32 Many studies
were included in the correlational
analyses, and significant results
were also obtained.33,34 BW was
shown to be specifically correlated
with hippocampal volume and, to a
lesser extent, with total cortical gray
matter volume at term-equivalent
ages. A similar inverse relationship
was previously demonstrated for
the incidence of major disabilities
in very preterm children in multiple
meta-analyses, and was also found to

FIGURE 1
Random-effects meta-analysis comparing cognitive test scores between control groups and IUGR
groups. The test for heterogeneity was signiﬁcant (I2 = 58.1%, P = .003); the test scores between 2
groups were signiﬁcantly different (P < .00001).
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TABLE 3 Studies That Reported on Behavior Data in Children With IUGR
Studies

No. Participants

Year of Birth

Birth Weight
(SD), g

Gestational Age
(SD), wk

Age at Evaluation,
y

Type of Test

Mean Score (SD)

Hollo et al,15 2002

SGA 105
AGA 102
SGA 60

1985

38 (5)
37.5 (4.9)
39.5

10

CPRS

1986–1988

2452
3378
2921 (211)

14

CBCL

8.8 (5.7)
6.9 (2.9)
3.0 (4.7)

AGA 83
SGA 34

1998–2004

3691 (459)
642

39.6
31.5 (5.4)

5–8

SDQ

2.0 (2.7)
9.6 (5.1)

1015
888
1163
1038 (292)

30.3 (6.6)
29.7
29.4
30.7 (2.8)

8.6

CBCL

6–7

Mean reaction
time

1273 (478)

29.4 (3.5)

Indredavik et al,
25 2010
Morsing et al,23
2011
Tanis et al,24 2012
Reveillon et al,26
2013

AGA 34
SGA 28
AGA 28
SGA 10

2000–2001
NA

AGA 10

7.8 (4.9)
32 (15)
30 (18)
652.9 (52.1)
664.5 (29.4)

CBCL, Child Behavior Check List; CPRS, Conner Abbreviated Parent Rating Scale; NA, indicates data were not reported or not extractable; SDQ, Strengths and Difﬁculties Questionnaire.

be related to the risk of disruption of
neurobehavioral development and
brain connectivity, which increases
with decreasing BW.9,35,36 These
findings underline the importance
of BW and GA as predictors of later
neural development. The correlation
coefficients for the relationships
between the effect sizes for IQ
scores and both BW and GA were
not significant in our study, and we
hypothesize that this finding was due
to differences in the test methods
used between the included studies.
Thus, many large-scale studies are
needed to confirm the relationships
between GA (and BW) and cognitive
outcomes among children with IUGR.
The key factors associated with
the neurodevelopmental outcome
of IUGR after birth include
socioeconomic status, gender, and
race. Studies have also shown that
socioeconomic status factors are
strongly related to the developmental
outcomes of children with IUGR.37,
38 Children with IUGR born SGA
and reared in poorer environments
demonstrate significantly lower
professional attainment and
income than those reared in more
stimulating environments; thus,
childhood intelligence is associated
with later academic achievement and
occupational status. The difference
in the association of IUGR with
poor neurodevelopmental outcome
between girls and boys is not well

FIGURE 2
Random-effects meta-analysis comparing behavior test scores between control groups and IUGR
groups. The test for heterogeneity was not signiﬁcant (I2 = 0%, P = .579); the test scores between 2
groups were signiﬁcantly different (P = .001).

understood. Others have also found
that brain development in boys is
more vulnerable to the effects of
IUGR than that in girls.39,40 Most
studies included in our meta-analysis
featured cases and controls that
were matched for ≥1 demographic
variables, so effect of these factors
on final outcomes may be negligible.
The age of the children at the time of

assessment in each included study
was variable. Our study showed that
there was no significant correlation
between age and IQ values, but the
conclusions of other experiments
were the opposite.41 At the same
time, studies of neurodevelopmental
assessments of infants with IUGR in
adulthood are lacking. Thus, further
large-scale studies are needed to
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TABLE 4 Studies That Reported on ADHD Data in Children With IUGR
Studies

Indredavik et al,27
2004
Morsing et al,23
2011
Klaric et al,28 2012
Tains et al,24 2012

No.
Participants

Year of Birth

Birth Weight
(SD),g

Gestational Age
(SD), wk

Age at
Evaluation,
y

Type of Test

The Ratio of ADHD

SGA 60

1986–1988

2921(211)

39.5

14

ADHD Rating scales IV

2/60

AGA 83
SGA 68

1998–2004

3691(459)
642

39.6
31.5(5.4)

5–8

Brown’s ADD scales

1/83
13/68

2002–2004

1015
NA

30.3(6.6)
40
40
29.7
29.4

6

NEPSY

8.6

Dutch ADHD Q

AGA 34
SGA 50
AGA 50
SGA 28
AGA 27

2000–2001

888
1163

2/34
0
3/50
6/28
2/27

ADD, attention-deﬁcit disorder; Dutch ADHD Q, Dutch ADHD questionnaire; NA, indicates data were not reported or not extractable; NEPSY, Developmental Neuropsychological Assessment.

confirm the relationships between
age and cognitive outcomes among
children with IUGR.

TABLE 5 Pearson Correlation Coefﬁcients Between Cognitive Outcome Measures and Age, BW, and GA

IUGR is associated with an increased
risk for behavioral disorders
or their symptoms and poorer
neurobehavioral outcomes in
early childhood.42–44 However, the
number of studies that have assessed
behavioral and ADHD outcomes is
insufficient, and further large-scale
trials are needed to adequately assess
the effects of IUGR on the outcome of
behavior and ADHD among schoolage children.

Total IQ
VIQ
PIQ

Examining the perinatal course of
these children may shed some light
on the mechanisms underlying
these differences. In most cases, SGA
status with abnormal fetal Doppler
ultrasound finding represents
pathologic smallness due to placental
insufficiency. The fetal response
includes slowing of growth, elevated
resistance of the umbilical artery
flow, and increased blood flow
to the brain.45 Some studies had
shown that children who were SGA
showed reduced cerebral cortical
gray matter volume and cerebellar
white matter volumes, reduced basal
ganglia volumes, and reduced overall
cortical surface areas compared with
premature infants born AGA.46,47
In humans, IUGR also is associated
with a severe reduction in cortical
growth and a significant decrease in
cell number in the future cortex.48 At
the same time, IUGR neonates are at

n

15
8
8

Age

BW

GA

P

r

P

r

P

r

0.564
0.944
0.849

0.162
0.030
0.081

0.103(10)
0.497 (5)
0.127 (5)

0.546
0.406
0.771

0.133(10)
0.517 (6)
0.143 (6)

0.509
0.334
0.673

Number of included studies is indicated in parentheses.
n, the number of included studies; PIQ, performance IQ; VIQ, verbal IQ.

FIGURE 3
Random-effects meta-analysis comparing the incidence of ADHD between control groups and IUGR
groups. The test for heterogeneity was not signiﬁcant (I2 = 17.5%, P = .304); the incidence of ADHD
between 2 groups was not signiﬁcantly different (P = .11).

higher risk of postnatal complications,
such as intraventricular hemorrhage,
premature birth, and sepsis.

Similarly, increased incidences
of neurocognitive and behavioral
abnormalities were found to be
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correlated with MRI abnormalities
in the brains of 14-year-old children
who had IUGR.49 Therefore, these
findings showed that the disturbance
in brain structure of IUGR possibly
accounted for the abnormality of
cognition and behavior.

ADHD are those of the Diagnostic and
Statistical Manual of Mental Disorders,
Third Edition or the Diagnostic and
Statistical Manual of Mental Disorders,
Fourth Edition, but criteria used in our
study were variable, which may have
affected the results.

There are some limitations to this
meta-analysis. First, the cognitive
and behavioral outcome assessments
used across studies varied, which
restricted the power of the metaregression analyses used to investigate
developmental influences. Second,
we limited our search to Englishlanguage literature because of practical
difficulties in abstracting data from
articles published in other languages;
however, our meta-analysis still
contained studies from many countries,
and no significant differences in
cognitive outcomes were observed
between studies conducted in the
United States and those conducted
elsewhere. Because of the limited
information contained in each abstract,
we cannot state whether these studies
fulfilled all of the inclusion criteria of
our meta-analysis. Third, the number
of included trials that examined the
effects of IUGR on behavioral outcomes
was very small; only 4 of the included
trials evaluated the association of
ADHD with IUGR. Fourth, the most
common criteria used to diagnose

Because IUGR was found to be
associated with neurodevelopmental
impairments in childhood, it is
important that infants with IUGR
are identified by obstetricians for
in-depth neurodevelopmental
assessment during infancy and early
childhood. Effective interventions
during this time may be necessary, as
previous research has demonstrated
that they may promote early
neurodevelopment, and reduce
academic failure and behavioral
difficulties.50–52 However, many
studies need to be conducted,
and more focused therapeutic
interventions should be developed to
decrease or prevent these long-term
impairments after IUGR.

CONCLUSIONS
According to our meta-analysis,
IUGR birth is associated with lower
cognitive scores in school-age
children than in AGA-born controls.
The IQ scores of the IUGR group were
not significantly correlated with

mean BW, GA, and age; so further
follow-up studies were needed to
investigate whether GA at birth or
other factors have any influence
on the outcomes among children
with IUGR. The number of studies
that have assessed behavior and
ADHD outcome is insufficient, and
further large-scale trials are needed
to adequately assess the effects of
IUGR on the outcome of behavioral
disorders and ADHD.

ACKNOWLEDGMENTS
The authors thank Bo Yi for his
advice on the meta-analyses and
Yafei Yin for statistical advice.

ABBREVIATIONS
ADHD: attention-deficit/
hyperactivity disorder
AGA: appropriate for gestational
age
BW: birth weight
CI: confidence interval
GA: gestational age
IUGR: intrauterine growth
restriction
OR: odds ratio
SGA: small for gestational age
SMD: standardized mean
difference

Copyright © 2016 by the American Academy of Pediatrics
FINANCIAL DISCLOSURE: The authors have indicated they have no ﬁnancial relationships relevant to this article to disclose.
FUNDING: No external funding.
POTENTIAL CONFLICT OF INTEREST: The authors have indicated they have no potential conﬂicts of interest to disclose.

REFERENCES
1. Saleem T, Sajjad N, Fatima S, Habib
N, Ali SR, Qadir M. Intrauterine
growth retardation-small events,
big consequences. Ital J Pediatr.
2011;37:37–41
2. Suhag A, Berghella V. Intrauterine
growth restriction (IUGR): etiology and
diagnosis. Curr Obstet Gynecol Rep.
2013;2(2):102–111
3. Karlberg J, Jalil F, Lam B, Low L, Yeung
CY. Linear growth retardation in

relation to the three phases of growth.
Eur J Clin Nutr. 1994;48(suppl 1):S25–
S43, discussion S43–S44
4. Lee PA, Chernausek SD, HokkenKoelega AC, Czernichow P;
International Small for Gestational Age
Advisory Board. International Small
for Gestational Age Advisory Board
consensus development conference
statement: management of short
children born small for gestational

age, April 24-October 1, 2001.
Pediatrics. 2003;111(6 pt 1):1253–1261
5. Walker DM, Marlow N. Neurocognitive
outcome following fetal growth
restriction. Arch Dis Child Fetal
Neonatal Ed. 2008;93(4):F322–F325
6. Kok JH, Prick L, Merckel E, Everhard
Y, Verkerk GJ, Scherjon SA. Visual
function at 11 years of age in pretermborn children with and without fetal
brain sparing. Pediatrics. 2007;119(6).

Downloaded from www.aappublications.org/news by guest on February 20, 2019
8

CHEN et al

Available at: www.pediatrics.org/cgi/
content/full/119/6/e1342
7. O’Keeffe MJ, O’Callaghan M, Williams
GM, Najman JM, Bor W. Learning,
cognitive, and attentional problems in
adolescents born small for gestational
age. Pediatrics. 2003;112(2):301–307
8. Stroup DF, Berlin JA, Morton SC, et
al. Meta-analysis of observational
studies in epidemiology: a proposal
for reporting. Meta-analysis
Of Observational Studies in
Epidemiology (MOOSE) group. JAMA.
2000;283(15):2008–2012
9. Bhutta AT, Cleves MA, Casey PH,
Cradock MM, Anand KJ. Cognitive
and behavioral outcomes of schoolaged children who were born
preterm: a meta-analysis. JAMA.
2002;288(6):728–737
10. Westwood M, Kramer MS, Munz
D, Lovett JM, Watters GV. Growth
and development of full-term
nonasphyxiated small-forgestational-age newborns: follow-up
through adolescence. Pediatrics.
1983;71(3):376–382
11. McCarton CM, Wallace IF, Divon
M, Vaughan HG Jr. Cognitive and
neurologic development of the
premature, small for gestational age
infant through age 6: comparison
by birth weight and gestational age.
Pediatrics. 1996;98(6 pt 1):1167–1178
12. Strauss RS, Dietz WH. Growth and
development of term children born
with low birth weight: effects of
genetic and environmental factors. J
Pediatr. 1998;133(1):67–72
13. Sommerfelt K, Andersson HW,
Sonnander K, et al. Cognitive
development of term small for
gestational age children at ﬁve years
of age. Arch Dis Child. 2000;83(1):25–30
14. Frisk V, Amsel R, Whyte HE. The
importance of head growth patterns
in predicting the cognitive abilities and
literacy skills of small-for-gestationalage children. Dev Neuropsychol.
2002;22(3):565–593
15. Hollo O, Rautava P, Korhonen T,
Helenius H, Kero P, Sillanpää M.
Academic achievement of small-forgestational-age children at age 10
years. Arch Pediatr Adolesc Med.
2002;156(2):179–187

16. Kulseng S, Jennekens-Schinkel A,
Naess P, et al. Very-low-birthweight
and term small-for-gestational-age
adolescents: attention revisited. Acta
Paediatr. 2006;95(2):224–230

Perinatal risk and psychiatric outcome
in adolescents born preterm with very
low birth weight or term small for
gestational age. J Dev Behav Pediatr.
2010;31(4):286–294

17. Leitner Y, Fattal-Valevski A, Geva R,
et al. Neurodevelopmental outcome
of children with intrauterine growth
retardation: a longitudinal, 10-year
prospective study. J Child Neurol.
2007;22(5):580–587

26. Réveillon M, Urben S, Barisnikov K,
Borradori Tolsa C, Hüppi PS, Lazeyras
F. Functional neuroimaging study of
performances on a Go/No-go task in 6to 7-year-old preterm children: impact
of intrauterine growth restriction.
Neuroimage Clin. 2013;3(3):429–437

18. Tideman E, Marsál K, Ley D. Cognitive
function in young adults following
intrauterine growth restriction
with abnormal fetal aortic blood
ﬂow. Ultrasound Obstet Gynecol.
2007;29(6):614–618
19. Geva R, Eshel R, Leitner Y, FattalValevski A, Harel S. Verbal shortterm memory span in children:
long-term modality dependent
effects of intrauterine growth
restriction. J Child Psychol Psychiatry.
2008;49(12):1321–1330
20. Geva R, Yosipof R, Eshel R, Leitner Y,
Valevski AF, Harel S. Readiness and
adjustments to school for children
with intrauterine growth restriction
(IUGR): an extreme test case paradigm.
Except Child. 2009;75(2):211–230
21. Martinussen M, Flanders DW, Fischl
B, et al. Segmental brain volumes and
cognitive and perceptual correlates in
15-year-old adolescents with low birth
weight. J Pediatr. 2009;155(6):848–853.
e1
22. Theodore RF, Thompson JM, Waldie KE,
et al. Determinants of cognitive ability
at 7 years: a longitudinal case-control
study of children born small-forgestational age at term. Eur J Pediatr.
2009;168(10):1217–1224

27. Indredavik MS, Vik T, Heyerdahl S,
Kulseng S, Fayers P, Brubakk AM.
Psychiatric symptoms and disorders
in adolescents with low birth weight.
Arch Dis Child Fetal Neonatal Ed.
2004;89(5):F445–F450
28. Klaric AS, Galić S, Kolundzić Z,
Bosnjak VM. Neuropsychological
development in preschool children
born with asymmetrical intrauterine
growth restriction and impact of
postnatal head growth. J Child Neurol.
2013;28(7):867–873
29. Veelken N, Stollhoff K, Claussen M.
Development and perinatal risk factors
of very low-birth-weight infants. Small
versus appropriate for gestational age.
Neuropediatrics. 1992;23(2):102–107
30. Vohr BR, Wright LL, Dusick AM, et al;
Neonatal Research Network. Center
differences and outcomes of extremely
low birth weight infants. Pediatrics.
2004;113(4):781–789
31. Hutton JL, Pharoah PO, Cooke RW,
Stevenson RC. Differential effects of
preterm birth and small gestational
age on cognitive and motor
development. Arch Dis Child Fetal
Neonatal Ed. 1997;76(2):F75–F81

23. Morsing E, Asard M, Ley D, Stjernqvist
K, Marsál K. Cognitive function after
intrauterine growth restriction
and very preterm birth. Pediatrics.
2011;127(4). Available at: www.
pediatrics.org/cgi/content/full/127/4/
e874

32. Sung IK, Vohr B, Oh W. Growth and
neurodevelopmental outcome of
very low birth weight infants with
intrauterine growth retardation:
comparison with control subjects
matched by birth weight and
gestational age. J Pediatr.
1993;123(4):618–624

24. Tanis JC, van der Ree MH, Roze E, et al.
Functional outcome of very pretermborn and small-for-gestational-age
children at school age. Pediatr Res.
2012;72(6):641–648

33. Bassan H, Stolar O, Geva R, et al.
Intrauterine growth-restricted
neonates born at term or preterm:
how different? Pediatr Neurol.
2011;44(2):122–130

25. Indredavik MS, Vik T, Evensen KA,
Skranes J, Taraldsen G, Brubakk AM.

34. Grote NK, Bridge JA, Gavin AR,
Melville JL, Iyengar S, Katon WJ.

Downloaded from www.aappublications.org/news by guest on February 20, 2019
PEDIATRICS Volume 137, number 4, April 2016

9

A meta-analysis of depression
during pregnancy and the risk of
preterm birth, low birth weight, and
intrauterine growth restriction. Arch
Gen Psychiatry. 2010;67(10):1012–1024
35. Aarnoudse-Moens CS, WeisglasKuperus N, van Goudoever JB,
Oosterlaan J. Meta-analysis of
neurobehavioral outcomes in
very preterm and/or very low
birth weight children. Pediatrics.
2009;124(2):717–728
36. de Kieviet JF, Zoetebier L, van Elburg
RM, Vermeulen RJ, Oosterlaan J. Brain
development of very preterm and very
low-birthweight children in childhood
and adolescence: a meta-analysis. Dev
Med Child Neurol. 2012;54(4):313–323
37. Goldenberg RL, DuBard MB, Cliver SP, et
al. Pregnancy outcome and intelligence
at age ﬁve years. Am J Obstet Gynecol.
1996;175(6):1511–1515
38. Jelliffe-Pawlowski LL, Hansen RL.
Neurodevelopmental outcome at 8
months and 4 years among infants
born full-term small-for-gestationalage. J Perinatol. 2004;24(8):505–514
39. Saigal S, Pinelli J, Hoult L, Kim MM,
Boyle M. Psychopathology and social
competencies of adolescents who
were extremely low birth weight.
Pediatrics. 2003;111(5 pt 1):969–975
40. Streimish IG, Ehrenkranz RA, Allred
EN, et al; ELGAN Study Investigators.
Birth weight- and fetal weightgrowth restriction: impact on
neurodevelopment. Early Hum Dev.
2012;88(9):765–771

41. Murray E, Fernandes M, Fazel
M, Kennedy SH, Villar J, Stein A.
Differential effect of intrauterine
growth restriction on childhood
neurodevelopment: a systematic
review. BJOG. 2015;122(8):1062–1072
42. Figueras F, Cruz-Martinez R, SanzCortes M, et al. Neurobehavioral
outcomes in preterm, growthrestricted infants with and without
prenatal advanced signs of brainsparing. Ultrasound Obstet Gynecol.
2011;38(3):288–294
43. da Costa SP, van der Schans CP,
Zweens MJ, et al. The development of
sucking patterns in preterm, smallfor-gestational age infants. J Pediatr.
2010;157(4):603–609, 609.e1–609.e3
44. Heinonen K, Räikkönen K, Pesonen
AK, et al. Behavioural symptoms of
attention deﬁcit/hyperactivity disorder
in preterm and term children born
small and appropriate for gestational
age: a longitudinal study. BMC Pediatr.
2010;10:91
45. Rees S, Harding R, Walker D. An
adverse intrauterine environment:
implications for injury and altered
development of the brain. Int J Dev
Neurosci. 2008;26(1):3–11
46. Mallard C, Loeliger M, Copolov D, Rees
S. Reduced number of neurons in the
hippocampus and the cerebellum in
the postnatal guinea-pig following
intrauterine growth-restriction.
Neuroscience. 2000;100(2):327–333
47. Tolcos M, Bateman E, O’Dowd R, et al.
Intrauterine growth restriction affects

the maturation of myelin. Exp Neurol.
2011;232(1):53–65
48. Mallard EC, Rees S, Stringer M, Cock
ML, Harding R. Effects of chronic
placental insufﬁciency on brain
development in fetal sheep. Pediatr
Res. 1998;43(2):262–270
49. Samuelsen GB, Pakkenberg B,
Bogdanović N, et al. Severe cell
reduction in the future brain cortex
in human growth-restricted fetuses
and infants. Am J Obstet Gynecol.
2007;197(1):56.e1–56.e7
50. van Wyk L, Boers KE, van der Post JA,
et al; DIGITAT Study Group. Effects on
(neuro)developmental and behavioral
outcome at 2 years of age of induced
labor compared with expectant
management in intrauterine growthrestricted infants: long-term outcomes
of the DIGITAT trial. Am J Obstet
Gynecol. 2012;206(5):406.e1–406.e7
51. Walker DM, Marlow N, Upstone L, et al.
The Growth Restriction Intervention
Trial: long-term outcomes in a
randomized trial of timing of delivery
in fetal growth restriction. Am J Obstet
Gynecol. 2011;204(1):34.e1–34.e9
52. Brodszki J, Morsing E, Malcus P,
Thuring A, Ley D, Marsál K. Early
intervention in management of very
preterm growth-restricted fetuses:
2-year outcome of infants delivered on
fetal indication before 30 gestational
weeks. Ultrasound Obstet Gynecol.
2009;34(3):288–296

Downloaded from www.aappublications.org/news by guest on February 20, 2019
10

CHEN et al

Cognitive and Behavioral Outcomes of Intrauterine Growth Restriction
School-Age Children
Juncao Chen, Pingyang Chen, Tao Bo and Kaiju Luo
Pediatrics 2016;137;
DOI: 10.1542/peds.2015-3868 originally published online March 16, 2016;

Updated Information &
Services

including high resolution figures, can be found at:
http://pediatrics.aappublications.org/content/137/4/e20153868

References

This article cites 51 articles, 12 of which you can access for free at:
http://pediatrics.aappublications.org/content/137/4/e20153868#BIBL

Subspecialty Collections

This article, along with others on similar topics, appears in the
following collection(s):
Developmental/Behavioral Pediatrics
http://www.aappublications.org/cgi/collection/development:behavior
al_issues_sub
Attention-Deficit/Hyperactivity Disorder (ADHD)
http://www.aappublications.org/cgi/collection/attention-deficit:hyper
activity_disorder_adhd_sub
Neurology
http://www.aappublications.org/cgi/collection/neurology_sub
Neurologic Disorders
http://www.aappublications.org/cgi/collection/neurologic_disorders_
sub

Permissions & Licensing

Information about reproducing this article in parts (figures, tables) or
in its entirety can be found online at:
http://www.aappublications.org/site/misc/Permissions.xhtml

Reprints

Information about ordering reprints can be found online:
http://www.aappublications.org/site/misc/reprints.xhtml

Downloaded from www.aappublications.org/news by guest on February 20, 2019

Cognitive and Behavioral Outcomes of Intrauterine Growth Restriction
School-Age Children
Juncao Chen, Pingyang Chen, Tao Bo and Kaiju Luo
Pediatrics 2016;137;
DOI: 10.1542/peds.2015-3868 originally published online March 16, 2016;

The online version of this article, along with updated information and services, is
located on the World Wide Web at:
http://pediatrics.aappublications.org/content/137/4/e20153868

Data Supplement at:
http://pediatrics.aappublications.org/content/suppl/2016/03/15/peds.2015-3868.DCSupplemental

Pediatrics is the official journal of the American Academy of Pediatrics. A monthly publication, it
has been published continuously since 1948. Pediatrics is owned, published, and trademarked by
the American Academy of Pediatrics, 141 Northwest Point Boulevard, Elk Grove Village, Illinois,
60007. Copyright © 2016 by the American Academy of Pediatrics. All rights reserved. Print ISSN:
1073-0397.

Downloaded from www.aappublications.org/news by guest on February 20, 2019

