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Meta-Analysis of Neurobehavioral Outcomes in Very
Preterm and/or Very Low Birth Weight Children

abstract
OBJECTIVE: Sequelae of academic underachievement, behavioral prob-
lems, andpoor executive function (EF) havebeenextensively reported for very
preterm (�33weeks’ gestation) and/or very lowbirthweight (VLBW) (�1500
g)children.Greatvariability inthepublishedresults,however,hindersthefield
instudyingunderlyingdysfunctionsanddevelopinginterventionstrategies.We
conductedaquantitativemeta-analysisofstudiespublishedbetween1998and
2008onacademicachievement, behavioral functioning, andEFwith theaimof
providing aggregatedmeasures of effect size for these outcome domains.

METHODS: Suitable for inclusion were 14 studies on academic
achievement, 9 studies on behavioral problems, and 12 studies on EF,
which compared a total of 4125 very preterm and/or VLBW children
with 3197 term-born controls. Combined effect sizes for the 3 outcome
domains were calculated in terms of Cohen’s d. Q-test statistics were
performed to test homogeneity among the obtained effect sizes. Pear-
son’s correlation coefficients were calculated to examine the impact of
mean birthweight andmean gestational age, aswell as the influence of
mean age at assessment on the effect sizes for academic achievement,
behavioral problems, and EF.

RESULTS: Combined effect sizes show that very preterm and/or VLBW
children score 0.60 SD lower on mathematics tests, 0.48 SD on reading
tests, and 0.76 SD on spelling tests than term-born peers. Of all behav-
ioral problems stacked, attention problems were most pronounced in
very preterm and/or VLBW children, with teacher and parent ratings
being 0.43 to 0.59 SD higher than for controls, respectively. Combined
effect sizes for parent and teacher ratings of internalizing behavior
problems were small (�0.28) and for externalizing behavior problems
negligible (�0.09) and not significant. Combined effect sizes for EF
revealed a decrement of 0.57 SD for verbal fluency, 0.36 SD for working
memory, and 0.49 SD for cognitive flexibility in comparison to controls.
Mean age at assessment was not correlated with the strength of the
effect sizes. Mathematics and reading performance, parent ratings of
internalizing problems, teacher ratings of externalizing behavior, and
attention problems, showed strong and positive correlations with
mean birth weight and mean gestational age (all r values� 0.51).

CONCLUSIONS: Very preterm and/or VLBW children have moderate-to-
severedeficits inacademicachievement,attentionproblems,andinternalizing
behavioral problems and poor EF, which are adverse outcomes that were
strongly correlated to their immaturity at birth. During transition to young
adulthood these children continue to lag behind term-born peers. Pediatrics
2009;124:717–728
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Improvements in perinatal care have re-
sulted in increased survival rates for
childrenborn very preterm (�33weeks’
gestation) and/or with a very low birth
weight (VLBW) (�1500 g). The incidence
of major disabilities such as cerebral
palsy, mental retardation, deafness, or
blindness is fairly low.1 There is growing
awareness that the majority of nondis-
abledsurvivorsencountermore “subtle”
problems such as academic under-
achievement,2 behavioral problems,3–5

and deficits in higher-order neurocogni-
tive functions: the so-called executive
functions (EFs),6 which persist through-
out childhood and young adulthood.1,4,7

However, great variability exists in the
published results because of small num-
bers of participants, high attrition rates,
and substantial variations in methods
and study design. We conducted a quan-
titative meta-analysis to integrate pre-
vious research on academic achieve-
ment, behavioral problems, and EF in
very preterm and/or VLBW children to
provide aggregated measures of effect
size for these 3 outcome domains. Such
an aggregation will facilitate the field
to move forward to study underlying
dysfunctions and develop intervention
strategies.

Academic achievement includes math-
ematics, reading, and spelling, of
which the literature suggests that the
poorest performance of very preterm
and/or VLBW children is observed in
mathematics.2 Behavioral problems in
these children mainly manifest in an
increased risk for attention-deficit/hy-
peractivity disorder3 and internalizing
behavioral problems such as with-
drawn behavior,6 although some stud-
ies have also found oppositional be-
havior.8,9 A large body of evidence has
shown that academic underachieve-
ment and behavioral problems arise
from a deficit in EF,10–13 a set of neuro-
cognitive functions such as inhibitory
control, working memory, cognitive
flexibility, and planning.14 EF, therefore,

has attracted considerable interest,
and in very preterm and/or VLBW chil-
dren executive dysfunction has been
reported, suggested to arise from dis-
ruptions of cortical and subcortical
circuits connecting frontal, striatal,
and thalamic regions.6

The primary aim of this study was to
meta-analytically chart the outcome of
very preterm and/or VLBW children in
terms academic achievement, behav-
ioral functioning, and EF. The second
aim was to examine the relationship
between age at assessment, birth-
weight (BW), and gestational age (GA)
on the one hand and effect sizes for the
indices of academic achievement, be-
havioral functioning, and EF on the
other hand.

METHODS

Inclusion Criteria

The guidelines for reporting meta-
analyses of observational studies pub-
lishedbyStroupetal15 (2000)were taken
into account in the design, performance,
and report of this meta-analysis. We
searched original articles using the
search terms “child*,” “low birth
weight,” “prematur*,” “preterm,” “out-
come,” “math*,” “arithmetic,” “reading,”
“spelling,” “school,” “academic,” “be-
hav*,” “neurocogn*,” and “executive
function*.” The studies were located in
the PubMed, PsycINFO, and Web-of-
Science computerized databases. The
reference lists of published articles
were used to identify other relevant arti-
cles on these topics.

The literature was reviewed to include
studies that met the following inclu-
sion criteria: (1) the study was pub-
lished between 1998 and 2008, thereby
demarcating the period of emerging
research into EF; (2) the study con-
cerned children born very preterm
(�33 weeks’ gestation) and/or with
VLBW (�1500 g) to estimate the maxi-
mal impact of prematurity and VLBW;
(3) a case-control design was used; (4)

the mean age at assessment was at
least 5 years, because at this age chil-
dren start to receive formal education,
which enables academic achievement
to be charted; (5) the study reported
data on academic achievement and/or
behavioral problems and/or EF col-
lected with standardized tests; and (6)
there is a range of different tests and
questionnaires available to measure ac-
ademic achievement, behavioral func-
tioning, and EF, and some tests or ques-
tionnaires may have been used in only
1 or 2 studies. Although meta-analytic
procedures may be applied with few
studies, the obtained results might
then be unstable.16 To control for this
problem, a cutoff point was chosen of a
minimum of 5 studies that used a par-
ticular test or questionnaire, if the study
was to be included in the meta-analysis,
andwe includedasour seventh criterion
that these results were published in
English-language peer-reviewed jour-
nals. Studies were excluded if they did
not meet all of these inclusion criteria.

Academic Achievement

Fourteen studies met our inclusion crite-
ria. Standardized academic-achievement
tests that were used in these studies
all had identical normative scales
with age- and grade-based standard
scores around a mean score of 100
(SD: 15) and included the Woodcock-
Johnson Tests of Achievement17 which
measures reading and mathematics;
the Wide Range Achievement Test,18

which measures mathematics, read-
ing, and spelling; the Wechsler Indi-
vidual Achievement Test,19 which
measures mathematics, reading, and
spelling; and the Woodcock Reading
Mastery Test-Revised,20 which mea-
sures reading. Details on the studies
included are provided in Table 1.21–34

Behavioral Problems

Nine studies met the inclusion cri-
teria. Standardized questionnaires that
were used in these studies included
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Achenbach’s Child Behavior Check-
list and Teachers Report Form.35 For
the purposes of the meta-analysis
we clustered participants’ behavioral
problems following the taxonomy de-
veloped by Achenbach,35 which dis-
tinguishes the broadband scales in-
ternalizing behavioral problems (eg,
anxiety or depression) and external-
izing behavioral problems (eg, oppo-
sitional behavior). In addition, we
examined the narrow-band scale at-
tention problems, because very pre-
term and/or VLBW children have been
reported to show these symptoms in
particular.3 In case of missing data, au-
thors were contacted.5,28,32,36–38 Some
authors were not able to provide miss-
ing data5,28 or could not be reached.39

These studies, therefore, were not in-
cluded in the meta-analysis. Details on
the 9 studies included are provided in
Table 2.5,24,28,32,36–40

Executive Function

Twelve publications met the inclusion
criteria. EF tests that were used in
these studies included the Controlled
Word Association Test,41,42 Animal Nam-
ing Test,43 Digit Span,44,45 and the Trail-
Making Test.46 The Controlled Word As-
sociation Test and Animal Naming Test
measure letter and semantic fluency,
respectively, which are both compo-
nents of verbal fluency. Verbal fluency
is the ability to quickly generate as
many different solutions for a particu-
lar (verbal) problem as possible42 and

also involves heavy linguistic require-
ments. Both tests were used in each of
the studies on verbal fluency and are
identical in test administration, re-
sponse mode, and scoring,42 and for
the purposes of this meta-analysis, a
mean verbal fluency score was calcu-
lated for each study. Digit Span is a test
of working memory, in which series of
digits are read aloud to the child.47

Digits forward requires repetition of
series of digits in the same order,
whereas digits backward requires
repetition of series of digits in re-
verse order.47 The total number of cor-
rectly repeated series on digits for-
ward and backward served as an index
for working memory. The Trail-Making
Test is a test that measures cognitive

TABLE 1 Studies That Reported on Academic Achievement in Very Preterm and/or VLBW Children

Studies Participants GA, Mean
(SD), wk

BW, Mean
(SD), g

Age, Mean
(SD), y

Type of Test Academic Achievement Test Scores

Mathematics,
Mean (SD)

Reading,
Mean (SD)

Spelling,
Mean (SD)

Chaudhari et al21 (2004) 78 VLBW NA NA 12.0 WRAT 80.4 (15.1) NA NA
90 NC NA NA 87.8 (15.8)a NA NA

Anderson and Doyle22 (2003) 250 ELBW 26.7 (1.9) 884.0 (162.0) 8.7 (0.3) WRAT 89.2 (14.3) 96.6 (16.0) 94.4 (12.6)
217 NC 39.3 (1.4) 3407.0 (443.0) 8.9 (0.4) 98.0 (13.4) 103.3 (14.7) 100.0 (13.3)

Grunau et al23 (2002) 74 VPT 26.0 718.8 9.0 (8.4–12.5) WRAT 90.3 (11.0) 94.5 (16.5) NA
30 NC 40.0 3540.0 9.3 (9.0–10.0) 99.9 (10.5) 107.0 (14.1) NA

Grunau et al24 (2004) 53 ELBW 25.8 719.0 17.3 (16.3–19.7) WRAT 91.4 (13.6)a 103.9 (10.2)a 100.2 (13.5)a

31 NC 40.0 3506.0 17.8 (16.5–19.0) 106.3 (14.5)a 110.6 (10.2)a 105.33 (12.2)a

Hack et al25 (2002) 242 VLBW 29.7 (0.2) 1179.0 (219.0) 20.0 WJ-TOA 89.0 (13.2)a 95.8 (19.5)a NA
233 NC NA 3279.0 (584.0) 95.18 (14.4)a 102.7 (21.0)a

Litt et al26 (2005) 31 at�750 g 27.7 (2.1) 964.6 (149.6) 11.2 (1.2) WJ-TOA 100.6 (14.4)a 101.8 (11.7)a NA
41 at 750–1499 g NA 3390.8 (623.6) 11.1 (1.3)
52 NC 11.2 (1.1) WIAT 105.3 (10.3)a 105.3 (12.8)a NA

Kilbride et al27 (2004) 25 ELBW 26.0 (1.6) 702.0 (76.0) 5.0 (.3) WRAT 74.0 (15.0) 81.0 (13.0) 69.0 (18.0)
25 NC 38.8 (1.5) 3215.0 (509.0) 81.0 (17.0) 87.0 (9.0) 84.0 (18.0)

Rickards et al28 (2001) 120 VLBW 29.3 (2.0) 1167.0 (215.0) 14.0 WRAT 89.0 (13.8) 96.8 (14.4) 93.7 (16.2)
41 NC 39.9 (1.0) 3417.0 (432.0) 95.9 (13.6) 100.4 (12.7) 98.6 (13.8)

Saigal et al29 (2000) 150 VPT 27.0 833.0 (126.0) 14.0 (1.6) WRAT 75.0 (18.0) 85.0 (21.0) 83.0 (20.0)
124 NC NA 3395.0 (483.0) 14.4 (1.3) 92.0 (15.0) 101.0 (15.0) 101.0 (15.0)

Short et al30 (2003) 75 VLBW 30.0 (2.0) 1256.0 (176.0) 8.0 WJ-TOA 98.9 (17.5)b 100.3 (18.0)b NA
99 NC 40.0 (1.0) 3451.0 (547.0) 109.3 (17.0)b 105.1 (18.0)b NA

Taylor et al31 (2006) 219 ELBW 26.4 (0.2) 810.0 (124.0) 8.7 (.6) WJ-TOA 88.2 (15.6) 88.6 (17.7) 88.2 (19.1)
176 NC NA 3300.0 (513.0) 9.2 (.8) 98.1 (13.6) 95.7 (13.7) 95.2 (12.7)

Taylor et al32 (2000) 65 at�750 g 25.7 (1.8) 665.6 (68.2) 11.0 (1.1) WJ-TOA 87.6 (24.2) 93.9 (18.9)a NA
54 at 750–1499 g 29.4 (2.4) 1173.2 (217.1) 11.1 (1.3) NA
49 NC 40.0 3360 (660.0) 11.2 (1.2) 103.2 (12.7)a 105.6 (14.8)a NA

Downie et al33 (2005) 39 VPT 25.8 (1.4) 815.0 (149.0) 11.5 (1.3) WRMT-R NA 94.8 (9.1) 97.7 (11.4)
11 NC 40.6 (1.4) 3842.0 (697.0) 12.1 (1.1) 102.5 (8.4) 107.6 (7.4)

Gross et al34 (2001) 118 VPT 28.3 1164.6 10.1 WIAT 94.8 (9.0) 90.5 (10.3) 91.3 (10.6)
119 NC NA NA 10.1 96.2 (9.9) 99.6 (11.3) 100.5 (10.4)

NA indicates not available; NC, normal control; ELBW, extremely low birth weight; VPT, very preterm; WJ-TOA, Woodcock-Johnson Tests of Achievement; WRAT, Wide Range Achievement Test;
WIAT, Wechsler Individual Achievement Test; WRMT-R, Woodcock Reading Mastery Test-Revised.
a Means and SDs are weighted.
b Mean subtest scores are averaged.
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flexibility48 and involves switching be-
tween mental sets.42 In part A of this
test, the child needs to draw lines to
connect consecutively numbered cir-
cles; in part B, the child has to connect
consecutively numbered circles and
lettered circles while alternating be-
tween the 2 sequences.42 The score on
part B of the Trail-Making Test served
as an index for cognitive flexibility.

If data of 2 measurements pertaining
to a partially overlapping sample had
been reported,49 results of the first
measurement were included in our
meta-analysis to avoid retest effects
that would confound our results. Stud-
ies were excluded if they did not report
scores for either the Controlled Word
Association Test and/or the Animal
Naming Test, separately.50,51 Details on
the studies included are provided in
Table 3.28,49,50,52–60

Statistical Analyses

Meta-analysis was conducted by using
the computer program Comprehen-
sive Meta-analysis.61 For studies that
reported results for subgroups of very
preterm and/or VLBW children or con-
trols, we calculated a weighted group
mean and weighted SD by multiplying
each subgroup mean and SD, respec-
tively, by its sample size, adding the
subtotals, and dividing the obtained
sum by the total sample size.24,25,32–34,51

Most dependent measures were not
standardized. Hence, the variability met-
ric for the dependent measures differed
both between studies and between
groups within studies (very preterm
and/or VLBW children and controls).
Therefore, we calculated effect sizes and
95% confidence intervals (CIs) in terms
of Cohen’s d for each study separately.

Cohen’sd is defined by the difference be-
tween 2 means divided by the pooled SD
for thosemeans.62 Combined effect sizes
for each of the dependent variables of
the 3 outcome domains were computed
by weighting the domain-specific effect
sizes according to the studies’ sample
sizes. Cohen’s guidelines were followed
to indicate the strength of the combined
effect sizes, with 0.20, 0.50, and 0.80 re-
ferring to small, medium, and large ef-
fect sizes, respectively.62

Q-test statistics63 were performed to
test homogeneity among the studies’
effect sizes (ie, whether findings are
consistent among studies) and among
combined effect sizes for the various
indices of academic achievement, be-
havioral problems, and EF.

Pearson’s correlation coefficients (r)
were calculated to test the impact of

TABLE 2 Studies That Reported on Behavioral Problems in Very Preterm and/or VLBW Children

Studies Participants GA, Mean
(SD), wk

BW, Mean
(SD), g

Age, Mean
(SD), y

Questionnaire Behavioral Problems

Externalizing
Problems

Internalizing
Problems

Attention
Problems

Greenley et al40

(2007)
48 at�750 g 25.8 (1.8) 660.3 (72.8) 11.2 (1.5) CBCL VLBW� 47.9 (9.7) VLBW� 49.9 (10.1) NA
46 at 750–1499 g 29.4 (2.4) 1169.0 (215.1) 11.1 (1.3) NC� 48.1 (11.5) NC� 49.6 (11.6) NA
51 NC 11.2 (1.3) TRF VLBW� 51.2 (8.8) VLBW� 52.3 (8.6) NA

NC� 50.4 (8.0) NC� 51.2 (8.7) NA
Farooqi et al36

(2007)
83 EPT 24.6 (0.7) 765.0 (111.0) 10.9 (.8) CBCL ELBW� 50.9 (12.8) ELBW� 57.5 (16.8) ELBW� 61.7 (16.8)
86 NC 39.2 (2.7) 3520.0 (601.0) 11.6 (.8) NC� 49.2 (13.0) NC� 48.8 (8.8) NC� 51.5 (13.9)

TRF ELBW� 52.5 (12.7) ELBW� 55.4 (10.4) ELBW� 56.8 (11.6)
NC� 50.0 (9.9) NC� 50.0 (9,9) NC� 50.0 (9.9)

Grunau et al24

(2004)
53 ELBW 25.8 719.0 17.3 (16.3–19.7) CBCL ELBW� 50.1 (11.2) ELBW� 53.7 (11.3) ELBW� 57.8 (8.2)
31 NC 40.0 3506.0 17.8 (16.5–19.0) NC� 44.0 (8.9) NC� 46.9 (14.5) NC� 51.6 (3.1)

Weindrich et al38

(2003)
29 VLBW 30.7 (2.0) 1212.0 (185.0) 10.9 (.1) CBCL VLBW� 51.6 (8.2) VLBW� 53.5 (11.6) VLBW� 58.1 (9.8)
112 NC 39.9 (1.1) 3344.0 (382.0) 10.9 (.2) NC� 51.3 (10.4) NC� 52.6 (8.8) NC� 54.6 (6.7)

VLBW� 49.7 (8.1) VLBW� 54.9 (11.7) VLBW� 54.7 (5.6)
NC� 51.1 (9.7) NC� 51.1 (9.5) NC� 53.4 (5.4)

Saigal et al5

(2003)
141 ELBW 27.0 (2.4) 838.0 (123.0) 14.1 (1.5) CBCL NA NA NA
122 NC NA 3391.0 (48.0) 14.4 (1.2) NA

Rickards et al28

(2001)
120 VLBW 29.3 (2.0) 1167.0 (215.0) 14.0 CBCL NA NA NA
41 NC 39.9 (1.0) 3417.0 (432.0) 14.0 NA

Nadeau et al37

(2001)
61 EPT 27.4 (1.1) 1024.3 (204.2) 7.0 CBCL EPT� 50.9 (8.8) EPT� 52.4 (10.0) EPT� 57.7 (8.7)
44 NC 39.8 (1.6) 3453.4 (497.8) TRF NC� 53.3 (9.7) NC� 53.3 (10.6) NC� 56.1 (8.3)

EPT� 50.5 (8.4) EPT� 54.4 (9.2) EPT� 55.3 (7.4)
NC� 50.9 (9.7) NC� 53.3 (10.3) NC� 53.1 (5.1)

Taylor et al32

(2000)
60� 750 g 25.7 (1.8) 665.6 (68.2) 11.0 (1.1) CBCL VLBW� 48.4 (9.8) VLBW� 49.6 (9.9) VLBW� 56.9 (8.4)
55 750–1499 g 29.4 (2.4) 1173.2 (217.1) 11.0 (1.3) TRF NC� 46.6 (11.1) NC� 48.0 (11.4) NC� 52.4 (5.1)
49 NC 40.0 3360 (660.0) 11.0 (1.2) VLBW� 51.5 (8.9) VLBW� 52.7 (8.6) VLBW� 56.0 (7.2)

NC� 50.2 (8.0) NC� 51.0 (8.0) NC� 53.7 (5.3)
Stjernqvist and
Svenningsen39

(1999)

61 EPT 27.1 (1.1) 1042 (252.0) 10.5 (0.6) CBCL NA NA NA
61 NC 40.1 (1.4) 3648 (533.0) 10.6 (0.6) NA NA NA

EPT indicates extremely preterm; NA, not available; NC, normal control; ELBW, extremely low birth weight.
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mean BW, mean GA, andmean age at as-
sessment on the strength of the studies’
effect sizes for all indices of academic
achievement, behavioral problems, and
EF. Cohen’s guidelines were followed to
indicate the strength of the correlation
coefficients, with 0.10, 0.30, and 0.50 re-
ferring to small,medium, and large coef-
ficients, respectively.64

A major concern in conducting meta-
analyses is the existence of publication
bias. Publication bias results from stud-

ies reporting nonsignificant results that
have failed to be published and, there-
fore, are not included in a meta-
analysis. If these studies had been in-
cluded, they would nullify observed
effects.16 We examined the potential for
publication bias by using 2 methods.
First, we computed Rosenthal’s fail-
safe N16 (FSN) (ie, the number of stud-
ies that would be required to nullify the
observed effect) for each combined ef-
fect size, separately. A FSN is often con-

sidered robust if it is more than 5k�
10 (k� number of studies in the meta-
analysis).16 Second, we correlated
sample sizes to the effect sizes. A
negative correlation between sam-
ple sizes and effect sizes indicates
that small studies with significant re-
sults may be published more often
than small studies with nonsignifi-
cant results, which has recently
been shown to exist in 80% of the
meta-analyses.65

TABLE 3 Studies That Reported on EF in Very Preterm and/or VLBW Children

Studies Participants GA, Mean
(SD), wk

BW, Mean
(SD), g

Age, Mean
(SD), y

Type of Test EF Domain Test Scores,
Mean (SD)

Narberhaus et al53 (2008) 52 VPT 29.7 (2.0) 1273.0 (337.7) 14.2 (1.7) COWAT Phonetic fluency 28.0 (7.9)
50 NC 39.6 (1.5) 3421.0 (428.0) 14.3 (2.2) 33.2 (10.4)

Narberhaus et al53 (2008) 52 VPT 29.7 (2.0) 1273.0 (337.7) 14.2 (1.7) TMT-B Cognitive flexibility 54.4 (26.7)
50 NC 39.6 (1.5) 3421.0 (428.0) 14.3 (2.2) 41.2 (21.3)

Narberhaus et al53 (2008) 52 VPT 29.7 (2.0) 1273.0 (337.7) 14.2 (1.7) Digit Span Working memory 9.5 (3.4)
50 NC 39.6 (1.5) 3421.0 (428.0) 14.3 (2.2) 11.2 (2.6)

Narberhaus et al53 (2008) 52 VPT 29.7 (2.0) 1273.0 (337.7) 14.2 (1.7) ANT Category fluency 19.0 (5.1)
50 NC 39.6 (1.5) 3421.0 (428.0) 14.3 (2.2) 21.5 (4.2)

Nosarti et al54 (2007) 61 VPT 29.5 (1.8) 1296.0 (295.8) 22.3 (1.1) COWAT Phonetic fluency 39.3 (13.0)
64 NC NA NA 23.2 (1.5) 50.8 (13.5)

Nosarti et al54 (2007) 61 VPT 29.5 (1.8) 1296.0 (295.8) 22.3 (1.1) ANT Category fluency 43.7 (13.2)
64 NC NA NA 23.2 (1.5) 50.5 (12.6)

Nosarti et al54 (2007) 61 VPT 29.5 (1.8) 1296.0 (295.8) 22.3 (1.1) TMT-B Cognitive flexibility 66.4 (24.5)
64 NC NA NA 23.2 (1.5) 56.6 (19.0)

Allin et al49 (2008) 94 VPT NA NA 15.5 (0.7) ANT Category fluency 19.9 (5.3)
44 NC 15.0 (0.7) 19.3 (4.6)

Allin et al49 (2008) 94 VPT NA NA 15.5 (0.7) COWAT Phonetic fluency 28.7 (9.0)
44 NC 15.0 (0.7) 32.9 (8.9)

Shum et al52 (2008) 45 VPT 26.4 (1.9) 838.2 (151.7) 8.3 (0.9) TMT-B Cognitive flexibility 84.7 (43.7)
49 NC 39.9 (1.5) 3577.8 (516.5) 8.2 (0.9) 63.3 (42.1)

Caldú et al55 (2006) 25 VPT 29.5 (2.5) NA 13.4 (1.9) COWAT Phonetic fluency 27.1 (8.4)
25 NC 39.9 (1.4) 13.9 (2.5) 32.1 (11.8)

Caldú et al55 (2006) 25 VPT 29.5 (2.5) NA 13.4 (1.9) ANT Category fluency 16.4 (4.1)
25 NC 39.9 (1.4) 13.9 (2.5) 21.3 (4.1)

Giménez et al56 (2006) 30 VPT 29.1 (2.0) 1107.8 (240.3) 14.3 (2.0) COWAT Phonetic fluency 28.0 (8.5)
30 NC NA NA 14.1 (2.0) 32.6 (8.8)

Giménez et al56 (2006) 30 VPT 29.1 (2.0) 1107.8 (240.3) 14.3 (2.0) ANT Category fluency 16.7 (3.6)
30 NC NA NA 14.1 (2.0) 21.2 (4.7)

Kulseng et al57 (2006) 54 VLBW 28.9 (2.7) 1178.0 (234.0) 14.1 (0.3) TMT-B Cognitive flexibility 46.7 (22.0)
83 NC 39.6 (1.2) 3690.0 (458.0) 14.2 (0.3) 31.9 (18.6)

Anderson and Doyle58 (2004) 298 ELBW/VPT 26.7 (1.9) 884.0 (162.0) 8.7 (0.3) Digit Span Working memory 8.5 (2.8)
223 NC 39.3 (1.4) 3407.0 (443.0) 8.9 (0.4) 9.5 (2.9)

Foulder-Hughes and Cooke59 (2003) 280 VPT 29.8 (23.0–32.0) 1467.0 (424.0) 7.5 Digit Span Working memory 8.6 (2.7)
210 NC — — 7.5 10.0 (3.0)

Rushe et al50 (2001) 75 VPT 29.6 (1.8) 1299.0 (284.0) 14.9 (0.4) TMT-B Cognitive flexibility 75.0 (24.5)
53 NC NA NA 14.9 (0.6) 69.2 (25.2)

Rickards et al28 (2001) 120 VLBW 29.3 (2.0) 1167.0 (215.0) 14.0 Digit Span Working memory 9.9 (3.6)
41 NC 39.9 (1.0) 3417.0 (432.0) 9.8 (3.6)

Rushe et al50 (2001) 75 VPT 29.6 (1.8) 1299.0 (284.0) 14.9 (0.4) Digit Span Working memory 13.6 (2.9)
53 NC NA NA 14.9 (0.6) 14.2 (4.1)

Olsen et al60 (1998) 42 VPT 31.0 1410.0 8.0 Digit Span Working memory 9.3 (2.1)
42 NC 39.0 3323.0 9.9 (2.6)

VPT indicates very preterm; ELBW, extremely low birth weight; ANT, Animal Naming Test; COWAT, Controlled Word Association Test; NA, not available; NC, normal control; TMT-B, Trail-Making
Test part B.
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RESULTS

Table 4 depicts the sample sizes, num-
ber of studies, combined effect sizes
in terms of Cohen’s d, 95% CIs, Q-test
statistics, FSNs, and correlations with
sample sizes for effect sizes pertaining
to academic achievement, behavioral
problems, and EF.

Academic Achievement

Mathematics, reading, and spelling
were significantly poorer in very pre-
term and/or VLBW children. Combined
effect sizes were �0.48 for reading,
�0.60 for mathematics, and�0.76 for
spelling. The combined effect sizes for
mathematics and spelling were me-
dium to close to large and did not dif-
fer significantly (Q1�2.41;P� .12). The
combined effect size for reading, how-
ever, was significantly lower than the
combined effect sizes for mathematics
(Q1� 5.73; P� 0.02) and spelling (Q1�
12.47; P� .001). Within each of the indi-
ces for academic achievement, strength
of the studies’ effect sizes varied signifi-
cantly between studies (P values� .01).
FSNs ranged from 355 to 705, and small-
to-medium, albeit nonsignificant, corre-
lation coefficients were observed be-
tween sample sizes and indices for
academic achievement (all P values �

.32), indicating that there was no evi-
dence for publication bias.

Behavioral Problems

Parents and teachers did not differ signifi-
cantly in their ratings of internalizing be-
havioral problems (Q1� 0.02;P� .88), ex-
ternalizing behavioral problems (Q1 �
0.007; P� .93), and attention problems
(Q1� 1.95; P� .16).

Significant (P values� .001) and close-
to-medium combined effect sizes were
found for parent and teacher ratings of
attention problems: �0.59 and �0.43,
respectively. Small combinedeffect sizes
were found for parent and teacher rat-
ings of internalizing behavioral prob-
lems, which were�0.20 (P� .01) and
�0.28 (P � .16), respectively, and for
externalizing behavioral problems,
which were �0.08 and �0.09 and not
significant (P values� .22). Parent and
teacher ratings for attention problems
were significantly larger than parent
and teacher ratings of externalizing
and internalizing behavioral problems
(Q1 � 12.09; P � .001). Within parent
and teacher ratings, combined effect
sizes for attention problems, internal-
izing behavioral problems, and exter-
nalizing behavioral problems did not
differ significantly (Q1� 3.03; P values

� .08). Except for parent ratings of in-
ternalizing behavioral problems, find-
ings were consistent across studies.

FSNs for parent and teacher ratings of
internalizing behavioral problems were
18 and 10, respectively, for parent and
teacher ratings of externalizing behav-
ioral problems were 3 and 0, respec-
tively, and forparent and teacher ratings
of attention problems were 67 and 17,
respectively. Nonsignificant, small corre-
lations were observed between sample
sizes and parent ratings of internalizing
and externalizing behavior problems
and attention problems (all P values �
.61). Nonsignificant, albeit large and neg-
ative, correlations were observed be-
tween sample sizes and teacher ratings
of internalizing and externalizing behav-
iorproblemsandattentionproblems (all
P values� .08). The results point to pos-
sible publication bias in studies on
teacher ratings of problem behavior.

Executive Function

Verbal fluency (Controlled Word Asso-
ciation Test and Animal Naming Test),
workingmemory (Digit Span), and cog-
nitive flexibility (Trail-Making Test part
B) were significantly poorer in chil-
dren born very preterm and/or with
VLBW than in controls. The combined

TABLE 4 Sample Sizes, Number of Studies, Combined Effect Sizes in Terms of Cohen’s d, 95% CIs, Heterogeneity Statistics, Correlations With Sample
Sizes, and FSNs for Outcome Measures

Sample Sizes No. of Studies d 95% CI P Q P FSN r

Academic achievement
Mathematics 2753 13 �0.60 �0.74,�0.46 �.001 34.59 �.001 705 0.03
Reading 2639 13 �0.48 �0.60,�0.34 �.001 26.21 .01 417 0.31
Spelling 1251 8 �0.76 �1.13,�0.40 �.001 80.76 �.001 355 0.22
Behavioral problems
CBCL internalizing 930 6 �0.20 �0.48, 0.08 .16 17.63 �.001 18 �0.16
TRF internalizing 920 5 �0.28 �0.45,�0.12 �.01 4.32 .37 10 �0.54
CBCL externalizing 930 6 �0.09 0.05, 0.22 .22 8.64 .13 3 0.26
TRF externalizing 920 5 �0.08 �0.24, 0.07 .30 2.46 .65 0 �0.87
CBCL attention 930 5 �0.59 �0.74,�0.44 �.001 6.95 .14 67 �0.13
TRF attention 920 4 �0.43 �0.61,�0.25 �.001 2.76 .43 17 �0.74

EF
Verbal fluency 475 5 �0.57 �0.82,�0.32 �.001 6.70 .15 41 0.81
Working memory 1580 7 �0.36 �0.47,�0.20 �.001 9.09 .17 56 0.33
Cognitive flexibility 586 5 �0.49 �0.66,�0.33 �.001 4.03 .41 39 �0.06

Negative effect sizes indicate underperformance on academic achievement and EF tests and higher ratings of behavioral problems for very preterm and/or VLBW children in comparison
to controls. CBCL indicates Child Behavior Checklist; TRF, Teachers Report Form.
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effect sizes were small to medium and
were�0.36 forworkingmemory,�0.49
for cognitive flexibility, and �0.57 for
verbal fluency (all P values� .001). Dif-
ferences between the combined effect
sizes for these indices of EF were not
significant (Q2� 6.33; P� .10). Within
these indices of EF, effect sizes did not
vary significantly between studies (all
P values� .15). FSNs ranged from 39 to
56.Correlationsobservedbetweensample
sizes and effect sizes for EF ranged from
small (r� �0.06) to large (r� 0.81) but
were not significant (all P values �
.10). There was no clear evidence for
publication bias.

Age at Assessment

Table 5 displays Pearson’s correlation
coefficients for the relationship be-
tween mean age at assessment and
the studies’ effect sizes for academic
achievement, behavioral problems,
and EF. All correlation coefficients for
the relationship between effect sizes
for academic achievement and mean

age at assessment (5.0–20.0 years)
and EF and mean age at assessment
(7.5–22.3 years) were small and not
significant (all r values less than
�0.19; all P values� .55). After exclu-
sion of 1 extreme effect size,45 which
would confound the results, correla-
tions between parent and teacher
ratings of internalizing, externalizing,
and attention problems, and mean
age at assessment (5.9–17.3 years),
ranged from small to large but were
not significant (all r values less than
�0.56; all P values� .33).

BW and GA

Table 5 displays Pearson’s correla-
tion coefficients for the relationship
between mean BW and mean GA and
the studies’ effect sizes for academic
achievement, behavioral problems,
and EF. Mean BW (702–1265 g) and
mean GA (25.8–30.0 weeks) were
strongly and positively correlated with
studies’ effect sizes for mathematics
and reading (all r values � 0.51; all

P values � .05). After exclusion of 1
extreme effect size,34 correlations be-
tween mean BW (702.0–1176.0 g),
mean GA (25.8–29.3 weeks), and spell-
ing were small and not significant
(r values� 0.43; P values� .17).

Mean GA (24.6–30.7 weeks) was
strongly and positively correlated with
parent ratings of internalizing behav-
ior problems and teacher ratings of
externalizing behavioral problems
and attention problems (all r values
� 0.82; all P values � .03). Mean BW
(765.0–1212.0 g) was strongly and pos-
itively correlated with teacher ratings of
externalizing behavioral problems and
attention problems (r values � 0.91;
P values� .05). There was a trend to-
ward a significant association be-
tween mean BW (719.0–1212.0 g) and
parent ratings of internalizing behav-
ioral problems (r values� 0.71; P val-
ues � .06) and attention problems
(r values� 0.71; P values� .09). Mean
BW (719.0–1212.0 g) was not corre-
lated with effect sizes for teacher
ratings of internalizing problems or
parent ratings of externalizing prob-
lems, and mean GA (24.6–30.7 weeks)
was not correlated with effect sizes
for teacher ratings of internalizing
behavioral problems or parent rat-
ings of externalizing behavioral and
attention problems (all r values
� 0.56; all P values � .13).

Correlation coefficients for verbal flu-
ency were not calculated, because the
obtained results might be unreliable
because of restriction of range for
BW and GA. After exclusion of 1 extreme
effect size,28 which would confound
the results, mean BW (838.3–1467.0 g)
and mean GA (26.4–31.0 weeks) were
not significantly correlated with effect
sizes for working memory (r values
� 0.43; P values � .24). Mean BW
(838.3–1299.0 g) and mean GA (26.4–
29.7 weeks) were not correlated with
effect sizes for cognitive flexibility (all
r values� 0.24; all P values� .35).

TABLE 5 Pearson’s Correlation Coefficients Between Outcome Measures and Age at Assessment,
BW, and GA

N Age BWa GAa

r P r P r P

Academic achievement
Mathematics 11 �0.19 .55 0.60b .02b 0.51b .05b

Reading 13 0.09 .77 0.70b .01b 0.65b .01b

Spelling 8 �0.16 .72 0.43c .17c 0.42c .18c

Behavioral problems
CBCL internalizing 6 �0.56c .33c 0.71b .06 0.82b .03b

TRF internalizing 5 �0.54 .35 0.18 .39 0.25 .34
CBCL externalizing 6 �0.37c .54c 0.56 .13 0.47 .18
TRF externalizing 5 �0.06 .93 0.98b .002b 0.93b .01b

CBCL attention 5 �0.47c .53c 0.71b .09b 0.45 .23
TRF attention 4 �0.31 .70 0.91b .05b 0.94b .03b

EF
Verbal fluency 5 �0.04 .95 NAd NAd NAd NAd

Working memory 7 0.33 .47 0.43c .24c 0.03 .48
Cognitive flexibility 5 0.17 .79 0.24 .35 0.19 .38

CBCL indicates Child Behavior Checklist; N, number of studies; NA, not available; TRF, Teachers Report Form.
a Given the hypothesis that a decrease in BW and GA is associated with higher combined effect sizes, and the fact that the
small number of studies included for some indices might reduce statistical power, 1-tailed tests of significance were
conducted.
b Significant and trend correlations.
c Results after omission of 1 extreme effect size.
d Correlation coefficients for verbal fluency were not calculated because the values for GA for the pertinent studies ranged
from 29.0 to 30.0 weeks and the values for BW ranged from 1107.0 to 1296.0 g; therefore, findings might be unreliable
because of restriction of range.
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DISCUSSION

This meta-analysis provides sound
evidence for the presence of major dif-
ficulties in academic achievement,
symptoms of inattention, internalizing
behavioral problems, and poor EF in
very preterm and/or VLBW children in
comparison to controls. The results
show that very preterm and/or VLBW
children were 0.48 to 0.76 SD be-
hind their term-born peers in reading,
mathematics, and spelling, which
translates into a 7.2- to 11.4-point
decrement for these key academic-
achievement areas. Spelling was found
to be just as compromised as mathe-
matics; differences between both
combined effect sizes were not signifi-
cant. Previous research has suggested
that mathematics was the most pro-
nounced academic-achievement defi-
cit,2,29 thereby overlooking the major
spelling difficulties of very preterm
and/or VLBW children.

Attention problems were most pro-
nounced in very preterm and/or VLBW
children, with teacher and parent rat-
ings being 0.43 to 0.59 SD, respectively,
higher than for controls. Teachers also
reported significantly more internaliz-
ing behavior problems for these chil-
dren than for peers. It should be noted,
however, that the results for teacher-
reported problem behavior should be
interpreted cautiously, because there
was some evidence for publication
bias. Parents and teachers did not dif-
fer significantly in their ratings of be-
havioral problems for very preterm
and/or VLBW children. This finding
does not, however, imply a high level of
agreement at the individual level be-
tween informants. Our results indicate
that internalizing problems (ie, with-
drawn behavior and symptoms of de-
pression) do occur in these children
but that these symptoms are not as
prominent as symptoms of inattention.
Our meta-analysis did not find signifi-
cantly increased parent and teacher

ratings of externalizing problems (ie,
delinquent and risk-taking behaviors)
in very preterm and/or VLBW children
in comparison to their term-born
peers, although in a previously con-
ducted meta-analysis by Bhutta et al3 it
was found that 69% of the studies in-
cluded reported a high prevalence of
externalizing behavioral problems. Un-
clear is, however, whether the authors
subsumed attention problems under
externalizing behavioral problems. In
addition, Bhutta et al3 conducted a nar-
rative review on behavior and did not
take a quantitative meta-analytic ap-
proach, which precludes comparison
of their results with our findings.

This meta-analytic study was the first
to aggregate studies on the neuro-
cognitive domain EF. Although EF cov-
ers a variety of capabilities, the major-
ity of studies into very preterm and/or
VLBW children have focused on verbal
fluency, working memory, and cogni-
tive flexibility, thereby allowing meta-
analytic aggregation of findings. Our
results show that very preterm and/or
VLBW children score 0.36 to 0.57 SD
lower than their term-born peers on
these measures, differences that trans-
late into small-to-medium effect sizes.
These findings indicate that very pre-
term and/or VLBW children display
difficulties in holding information in
mind, switching between mental sets,
and generating as many different solu-
tions for a particular problem as pos-
sible. These EFs have been strongly re-
lated to academic achievement and/or
behavioral functioning10–12,66 andmight
form an explanation of the problems
that very preterm and/or VLBW chil-
dren face in these domains of function-
ing. However, other well-established
EFs of importance for academic and
behavioral functioning, such as inhibi-
tory control, which has been consid-
ered to be the underlying symptoms of
inattention,11 have only scarcely been
assessed in these children. Therefore,

in the search toward the understanding
of academic underachievement and be-
havioral problems in very preterm
and/or VLBW children, insight into other
EF domains may be of great merit.

Smaller and more premature infants
were found to be more prone to poor
academic achievement and internaliz-
ing and externalizing behavior prob-
lems than more mature and heavier
peers. Despite the small number of
studies included in the correlational
analyses, significant results were ob-
tained. This bolsters our findings and
underlines the importance of BW and
GA as predictors for later develop-
ment. Such an inverse relationship
was previously demonstrated for the
incidence of major disabilities in very
preterm and/or VLBW children67 and
is related to the risk for disruption in
cortical development (corticogenesis)
and brain connectivity, which in-
creases when BW and GA decrease.68

For the extremely preterm or ex-
tremely low BW infants, adverse con-
comitant sequelae (such as abnormal
cerebral ultrasound findings, chronic
lung disease, and postnatal steroid ad-
ministration), may explain abnormal
neurodevelopmental outcomes in ad-
dition to BW and GA.69,70

It has been questioned whether aca-
demic underachievement, behavioral
problems, and neurocognitive dys-
function in very preterm and/or VLBW
children improve or worsen over
time.6 Some studies have found evi-
dence in support for the idea that the
gap between very preterm and/or
VLBW children and term-born peers
becomes smaller with increasing
age.50,71 Others have compared out-
comes at school age and in young
adulthood and have suggested that
very preterm and/or VLBW teenagers
and young adults continue to lag be-
hind term-born peers in terms of cog-
nitive and academic achievement.25,29

Our results show that the strength of
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the studies’ effect sizes was not signif-
icantly related to age at assessment,
which suggests that the disadvantage
in academic achievement, behavioral
sequelae, and neurocognitive function,
at least for the age range studied (5.0–
22.3 years), remains stable during de-
velopment and persists into young
adulthood. It should be noted that the
number of studies we retrieved that
assessed very preterm and/or VLBW
young adults is scarce (n � 4), and
studies in this age group are greatly
needed. At the same time, it has been
found that very preterm young adults
are not less satisfied with their lives
and do not have lower self-esteem
than their peers.4 Possibly family and
environmental factors might alter the
subjective experience of the impair-
ments faced by very preterm and/or
VLBW young adults.72

This meta-analysis has some limita-
tions that need to be considered. It
should be noted that some of the cor-
relational analyses were conducted on
a small of number of studies and,
therefore, have limited power; results
may have changed if more studies had
been included. For the purpose of this
meta-analytic study, we assumed that
academic-achievement test scores de-

rived from different measures of aca-
demic achievement were comparable
because of identical normative scales
(mean: 100; SD: 15). This assumption,
however, overlooks the possible differ-
ences between tests in terms of con-
tent and may possibly explain part of
the heterogeneity among the effect sizes
obtained. In addition, our exclusive focus
on internalizing and externalizing prob-
lems, as well as attention problems,
might have disregarded other types of
behavioralproblems.Our inclusioncrite-
riadidnot take theattritionratesof stud-
ies into account; however, correlational
analyses showed that there was no sig-
nificant relationship between studies’ ef-
fect sizes and attrition rates (data not
reported; details are available fromMrs
Aarnoudse-Moens). Finally, we included
children on the basis of BW and GA,
which may have caused heterogeneity
between studies. However, inclusion of
studies on the basis of BW or GA exclu-
sively would have resulted in a limitation
of the number of studies available for
this meta-analysis.

CONCLUSIONS

This meta-analysis quantitatively ag-
gregated studies into the outcomes of
very preterm and/or VLBW children in

terms of multiple indices of academic
achievement, behavioral functioning,
and EF. We combined results from dif-
ferent countries. Despite the cross-
cultural differences that exist in such a
comparison, this meta-analysis pro-
vides evidence from a large number of
participants that very preterm and/or
VLBW children show severe deficits in
mathematics, reading, and spelling and
poor EF, and they face behavioral se-
quelae in terms of symptoms of inatten-
tion and internalizing behavioral prob-
lems. These adverse outcomes were
demonstrated to persist into young
adulthood and were inversely related to
BW and GA. Our findings highlight the
need for long-term follow-up for prema-
turity and VLBW survivors. In addition,
having clearly established these chil-
dren’s areas of weakness, research
needs to be performed to study underly-
ing dysfunctions and focus on feasibility
and efficacy of intervention strategies to
minimize the long-term impact of prema-
turity and VLBW.
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