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Objective To conduct a meta-analysis to characterize differences in language ability between children born very
preterm (VPT, <32 weeks’ gestational age), with a very low birth weight (VLBW, <1500 g), or both and in term-born
control children.
Study design Electronic databases were systematically searched, and 12 studies met the inclusion criteria. Ef-
fect sizes were calculated to compare VPT/VLBW children and control children.
Results VPT/VLBW children performed between 0.38 and 0.77 SD below control subjects in the areas of expres-
sive and receptive language overall and expressive and receptive semantics. Results for expressive and receptive
grammar were equivocal. Subgroup analysis of school-aged children revealed similar results. No studies assessing
phonological awareness, discourse, or pragmatics were identified.
Conclusions Language ability is reduced in VPT/VLBW children. When considering only school-aged children,
this reduction is still present, suggesting that their difficulty appears to be ongoing. Rigorous studies examining
a range of language subdomains are needed to fully understand the specific nature of language difficulties in
this population. (J Pediatr 2011;158:766-74).

I
nfants born very preterm (VPT, <32 weeks’ gestational age [GA]), with a very low birth weight (VLBW, <1500 g), or both
comprise 1% to 2% of all live births.1,2 With increased survival rates, particularly of infants born extremely preterm (EPT,
<28 weeks’ GA) or of extremely low birth weight (ELBW, <1000 g),3,4 the numbers of high risk VPT/VLBW survivors have

increased in the past few decades. VPT/VLBW children are at particular risk for a range of impairments, including language
dysfunction; however, findings have been inconsistent. Some studies report no differences between VPT/VLBW groups and
control children,5-7 but other studies report large differences.8-10 Methodological inconsistencies are a complicating factor,
making this literature difficult to interpret.

Adequate language skills are fundamental to daily interpersonal communication and social functioning, with poor language
skills significantly influencing friendship quality.11 Further, language-impaired children perform more poorly in reading, with
language scores at early school age predicting later reading accuracy and comprehension,12 which influences academic achieve-
ment. Half as many language-impaired adolescents achieve a high level of qualifications when finishing school compared with
peers.13 Thus, it is vital to identify and characterize language impairment in VPT/VLBW school-aged children, because early
detection and intervention of language impairment can lead to earlier treatment and improve long-term outcomes.14,15

Language can be categorized in different modalities and in different subdomains. In early language development, expressive
language (production) and receptive language (comprehension) are commonly considered separately, with receptive language
ability preceding language expression.16 Language may also be divided in the categories of semantics, grammar, phonological
awareness, discourse, and pragmatics. Semantics is the meaning of words and sentences, and grammar refers to language struc-
ture, such as word order and use of tense. Semantics is usually operationalized as vocabulary, which predicts later intelligence in
children.17 Semantic and grammatical proficiency are thought to develop concomitantly.18 Phonological awareness, or the un-
derstanding of speech sounds,19 is particularly important in the initial stages of language development20,21 and for reading.22,23

Discourse refers to passages of text or conversation, where adequate expression or comprehension involves integrating infor-
mation across sentences for coherence.24 Discourse skills are important in understanding the overall message from larger
amounts of information.25 Finally, pragmatics refers to the use of language that is appropriate to the conversational or social
context and is the basis of choosing polite language or slang and understanding non-literal language such as humor and
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metaphor.26,27 The aim of this study was to systematically re-
view reported studies of the language abilities of VPT/VLBW
children, aged >24 months, compared with term-born peers.

Methods

The literature was searched systematically with the electronic
databases MEDLINE, PsycINFO, CINAHL, and ERIC, for ar-
ticles published between 1990 and November 2009 inclusive.
Search terms are listed in Table I (available at www.jpeds.
com). The searches were restricted to English-language
publications in peer-reviewed journals. The broad keyword
search had high sensitivity and yielded a total of 3386 items.

Studies were examined to determine whether they met
these inclusion criteria: (1) examined a VPT (#32 weeks’
GA), VLBW (#1500 g), or both sample that was representa-
tive of a cohort, in which at least part of the sample was born
in 1990 or later; (2) had a term-born (>36 weeks’ GA) control
group; (3) assessed the children at 24 months of age or older;
(4) reported language outcomes; and (5) did not report on
a subset of children from another publication (to avoid du-
plicate counting). Studies were excluded when the VPT/
VLBW group was selected on the basis of medical complica-
tions (such as intraventricular hemorrhage) or without men-
tion of the sample’s representation. In two studies in which
the method of sample selection was unclear, the authors
were contacted, and both were subsequently excluded.28,29

There was no explicit upper age limit.
Language outcomes were examined, and studies were in-

cluded in the meta-analysis when means and SDs were re-
ported. Language outcomes were divided in separate
subdomains of language (outlined further below), and
a meta-analysis was conducted in each of these domains sep-
arately. For two studies that fulfilled the inclusion criteria,
further examination of the items that made up the language
variables (through author contact) revealed that the studies
were inappropriate for inclusion, with variables either con-
taining items that were inappropriate for that language vari-
able30 or non-language items (auditory attention).31 When
a study reported on different measures from the same subdo-
main of language,32 only one measure was included. Mea-
sures that could not be represented by means and SDs were
excluded.10 The final number of studies included in this re-
view was 12, the details of which are summarized in Table II.

The outcomes reported in each study were divided initially
in these subdomains: expressive language, receptive lan-
guage, phonological awareness, discourse, and pragmatics.
Expressive language and receptive language were further di-
vided in semantics and grammar. When this was not possible
within an individual study, the variables were classified sep-
arately as expressive or receptive language only. Verbal IQ
and scores from rapid naming tasks were excluded because
they primarily involve other cognitive functions and may
confound the results. Orthographic tasks were also excluded
because the focus of this review was not on literacy skills.
These definitions were used to classify the variables: (1) ex-
pressive language (n = 38,10,33): Tasks that measure the partic-
ipant’s overall verbal expression (unable to be further
classified in semantics or grammar); such measures include
expressive language indices from the Preschool Language
Scale (PLS-3)34 or the Clinical Evaluation of Language Fun-
damentals (CELF-III);35 (2) expressive semantics (n =
78,32,36-40): Tasks that quantify the meaning of a participant’s
verbal expression; such tasks include category fluency (in
which the participant is asked to name as many items in a se-
mantic category as possible), or expressive vocabulary tests
(in which the participant is asked to define words, or name
pictures); (3) expressive grammar (n = 132): Tasks that mea-
sure the structure of the expressed sentence or word form;
such variables include sentence length; (4) receptive language
(n = 48-10,33): Tasks that measure the participant’s overall un-
derstanding of verbal expression, at the level of the word or
sentence (unable to be further classified in semantics or
grammar); such measures include receptive language indices
from the PLS or the CELF; (5) receptive semantics (n = 28,41):
Tasks that measure the level of understanding of the meaning
of verbal information; such tests include the Peabody Picture
Vocabulary Test-Revised (PPVT-R,42 in which the partici-
pant is asked to point to the picture of the named object);
(6) receptive grammar (n = 143): Tasks that measure the level
of understanding of the structure of sentences or word form;
such variables include measures of understanding and fol-
lowing directions; (7) phonological awareness (n = 0): Tasks
that measure the perception and manipulation of speech
sounds; (8) discourse (n = 0): Tasks that measure the com-
prehension or production of language in the context of pas-
sages of information; and (9) pragmatics (n = 0): Tasks that
measure the appropriate use or comprehension of language
in social contexts.
Within each subdomain, all studies were initially exam-

ined, then a subgroup analysis was conducted only on studies
of school-aged children. We focused on this age group be-
cause of the large variability in the development of these skills
in younger children. In contrast, stability in language scores
for normally developing and language-impaired school-
aged children has been shown from the age of 4 to 8 years.44

This analysis comprised only those studies that assessed chil-
dren at 5 years and older. One study assessed children ranging
from age 4 years 6 months to 5 years 6 months,41 and this
study was included in the subgroup analysis. Therefore, the
school-aged group includes children who are at varying levels
of schooling, but are still likely to demonstrate stable lan-
guage ability.

Statistical Analyses
With Review Manager software (RevMan, The Nordic Co-
chrane Center, The Cochrane Collaboration, Copenhagen,
Denmark) version 5.0,45 means, SDs, and sample sizes for
each group were used to calculate effect sizes, or standardized
mean differences for each subdomain, measured in units of
SD. Effect sizes were calculated by using the formula for Hed-
ge’s g, weighted by the inverse variance. Effect sizes of 0.2 SD
were considered small, 0.5 SD moderate, and 0.8 SD large.46

When separate results were given for subgroups within the
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http://www.jpeds.com
http://www.jpeds.com


Table II. Summary of articles included in the meta-analysis, ordered by birth year

Author
VPT/VLBW

years of age* Birth year(s)
VPT/
VLBW

VPT/
VLBW, n

Full-term
control, n

Language test (language
subdomain)

Recruitment
source of VPT/
VLBW group

Reported exclusion
criteria

Attrition rate of
VPT/VLBW group Selection of control subjects

Bohm et al37 5.5 (0.04)
corrected age

1988-1993 #1500 g 172 125 Category fluency
(Expressive–Semantics)

Multicenter/
Geographical

Severe learning
disability, cerebral
palsy, or visual
impairment that
hindered testing

27% Randomly sampled from eligible
interested families,
individually matched on birth
date and hospital

Luu et al8 12.2 (0.4)
chronological
age

1989-1992 600-1250 g 330 to
365†

110 WISC-III Vocabulary
(Expressive–Semantics)
PPVT-R (Receptive–
Semantics)
CELF-III Expressive
Language (Expressive)
CELF-III Receptive
Language (Receptive)

Multicenter None reported 16%-24%† Community or telemarketing list,
frequency matched on age,
race, sex, maternal education,
zip code

Harvey et al41 5.17 (4.5-5.5)
chronological
age

1990-1991 <1000 g 30 50 PPVT-R (Receptive–
Semantics)

Single center Major neurological
disability, lived
outside the region

37% VLBW child’s preschool/daycare
class, two individual matches
on sex

Foulder-Hughes
& Cooke39

7.48 (variability
not reported)
unknown
whether
corrected

1991-1992 <32 weeks 280 210 WISC-III Vocabulary
(Expressive–Semantics)

Multicenter Mothers not residing in
area, children
attending special
schools

23% Classmates, individually
matched on birth date and sex

Taylor et al40 8.7 (0.6)
chronological
age

1992-1995 <1000 g 204 176 WJ-III Picture Vocabulary
(Expressive–Semantics)

Single center Congenital
abnormalities,
infections

14% Classmates, individually
matched on age, sex, race

Esbjørn et al38 5.06 (0.15)
corrected age

1994-1995 <28 weeks
or
<1000g

193 75 WPPSI-R Vocabulary
(Expressive–Semantics)

Geographical Non-native Danish, no
full-scale IQ (mainly
because of disability)

28% Central Office of Civil
Registration, individually
matched on age, sex, parental
education, residence

Hanke et al9 6.2 (0.67)
chronological
age

1994-1995 #1500 g 60 60 Marburg Language
Comprehension Test for
Children (Receptive)

Single center Children not admitted to
neonatal intensive
care unit

26% Kindergartens, individually
matched on age, sex, parental
education

Wolke et al10 6.3 (5.16-7.25)
unknown
whether
corrected

1995 <26 weeks 199- 204† 159 PLS-3 Expressive
Communication Scale
(Expressive), Auditory
Comprehension Scale
(Receptive)

Geographical Children not in
mainstream school

35% Classmates, individually
matched on age, sex, birth
date

Aarnoudse-
Moens et al36

5.9 (0.4)
Unknown
whether
corrected

1998-1999 #30 weeks 50 50 Category fluency
(Expressive–Semantics)

Single center Children not admitted to
neonatal intensive
care unit, mental or
motor handicaps that
hindered testing

82%z Local elementary schools, not
matched

Foster-Cohen et
al32

2 (0.04)
corrected age

1998-2000 <33 weeks
and/or
<1500g

90 102 MacArthur-Bates
Communicative
Development Inventory:64

Vocabulary Production
total score (Expressive–
Semantics), sentence
length in morphemes
(Expressive–Grammar)

Single center Children not admitted to
neonatal intensive
care unit, congenital
abnormalities, non-
English–speaking
parents

10% Hospital records, individually
matched on sex and birth date
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Language Abilities in Children Who Were Very Preterm and/or Ve
VPT/VLBW group,32 the means and SDs were pooled,
weighted by sample size. Random effects meta-analysis was
performed, with results presented as effect sizes and 95%
CIs. Heterogeneity between studies was measured by using
I2, which represents the percentage of variation in the effect
size explained by heterogeneity between studies,47 in which
25% is thought to be mild, 50% moderate, and 75% high.48

This statistic has been suggested for use by the Cochrane Col-
laboration49 and is preferred over the c2 or R statistics.47

Means and SDs used in the meta-analyses were all unad-
justed for co-variates. One study also reported means and
SEs adjusted for child age and parental education38; however,
the unadjusted means were preferred because once adjusted,
they are no longer descriptive statistics. The other disadvan-
tage of using adjusted results is that different studies use dif-
ferent adjustments, making it difficult to combine results
across studies.
To account for publication bias, in which unpublished

studies are more likely to find insignificant differences in
groups, fail-safe N statistics were computed.50 The fail-safe
N statistic is a measure to detect how many published studies
with non-significant results are needed to nullify a significant
result51 and therefore was not calculated for non-significant
results. It is a value based on the effect sizes, the sample sizes,
and the number of studies. It is thought that the fail-safe N
must exceed 5k + 10, in which k is the number of studies
that are combined to form the overall effect size, to indicate
a lack of publication bias.50 A spreadsheet template was
downloaded52 for use in Microsoft Excel (Microsoft Inc,
Redmond, Washington), to calculate fail-safe Ns with Co-
hen’s d values, (which either did not differ from the Hedge’s
g values, or differed by 0.01 because of rounding).

Methodological Quality
The methods of the included studies varied. Because of the
small number of studies in each language subdomain, and
the high quality of studies included on the basis of the in-
clusion criteria, sensitivity analyses based on a formal rating
system were not undertaken. However, methodological
quality pertaining to these 4 areas was examined and dis-
played in Table II: (1) Sampling: the ideal cohort
includes children born within a discrete geographic
region; single center studies introduce bias; (2) Excluded
children; most studies excluded children with severe
cerebral palsy, congenital malformations, neurosensory
impairment, or non-native speaking families; such
exclusion is generally accepted when assessing language or
other cognitive outcomes; excluding further children by
selecting a subset of children from this group will reduce
the representativeness of the sample; (3) Attrition rate;
those studies with higher attrition rates are less
representative of the original population; (4) Term-born
control group; an adequate control group is one that has
been recruited perinatally, or consists of siblings of the
cohort, without differing significantly on a range of
demographic variables (often achieved by matching);
convenience control groups are less representative.
ry Low Birth Weight: A Meta-Analysis 769
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Results

Table III depicts the number of studies, total sample sizes,
effect sizes, CIs, I2 statistics, and fail-safe N statistics for
each language subdomain, categorized by age at assessment.
When the category contained only 1 study, a meta-analysis
could not be conducted, and so the statistics pertain only
to the individual study identified with the systematic review.

Expressive Language
The results of the 3 studies8,10,33 that reported overall expres-
sive language scores indicated that the VPT/VLBW group
scored lower than control children (Table III, Figure 1),
with mild to moderate heterogeneity across the studies.
The fail-safe N statistic of 88 is robust, higher than 5k + 10,
or 25. Thus, it is unlikely that the significant effect size is
a result of publication bias.

The somewhat heterogeneous effect sizes may be explained
by differences in birth weight and gestational age, with the
studies of more immaturely born children8,10 having greater
effect sizes. This is consistent with findings in the literature
that children born VPT/VLBW perform better than children
born EPT/ELBW.53,54 Age at testing may also have been a fac-
tor, with Woodward et al33 assessing children at a younger
age than the other two studies. Another consideration is
that different measures were used, for example, the Expres-
sive Communication measure from the PLS-3 (UK)34 in
Table III. Meta-analysis results categorized by language subd

Sample sizes

Language sub-domain n studies VPT/VLBW Term

Expressive
School-age 2 530 269
Young children 1 100 105
Total 3 630 374

Expressive–Semantics
School-age 6 1264 746
Young children 1 90 102
Total 7 1354 848

Expressive–Grammar
School-age 0 – –
Young children 1 90 102
Total 1 90 102

Receptive
School-age 3 591 329
Young children 1 100 105
Total 4 691 434

Receptive–Semantics
School-age 2 391 160
Young children 0 – –
Total 2 391 160

Receptive–Grammar
School-age 1 102 108
Young children 0 – –
Total 1 102 108

Phonological awareness 0 – –
Discourse 0 – –
Pragmatics 0 – –

Negative effect sizes indicate lower VPT/VLBW scores.
NA, Not applicable.
*P < .01.
†P < .001.

770
Wolke et al10 and the CELF-P and CELF-III used by Wood-
ward et al33 and Luu et al,8 respectively. Attrition rates were
lower in Woodward et al33 (Luu et al8 was 24% for tests in
this language subdomain), and the recruitment source dif-
fered (Table II). Finally, exclusion criteria differ. Wolke et
al10 excluded children not attending mainstream schools,
and Woodward et al33 excluded children with non-English
speaking parents.
For the two school-age groups,8,10 a meta-analysis again

revealed significantly lower scores from the VLBW/VPT
group compared with the control group (Table III). The
effect sizes from the two studies were not heterogeneous,
and a robust fail-safe N statistic was found.

Expressive–Semantics
The 7 studies8,32,36-40 that reported on tasks that measure ex-
pressive semantics indicated that the VPT/VLBW group
scored significantly lower than control children (Table III,
Figure 1). The effect sizes across the studies were
homogenous, and a robust fail-safe N statistic was found.
Combining the results of the 6 school-age studies, the

effect size remained very similar to the overall meta-
analysis results (Table III), with little heterogeneity and
a robust fail-safe N statistic.

Expressive–Grammar
Only one study was identified as reporting on scores that re-
flected grammatical expression. Foster-Cohen et al32 tested
omain and age at assessment

Effect size (g) 95% CI I2 Fail safe N

�0.71† �0.86-�0.55 0% 58.34
�0.41* �0.69-�0.14 NA 2.18
�0.63† �0.80-�0.45 42% 88.23

�0.40† �0.50-�0.31 5% 152.59
�0.23 �0.51-0.06 NA NA
�0.38† �0.48-�0.29 9% 176.66

– – – –
�0.23 �0.52-0.05 NA NA
�0.23 �0.52-0.05 NA NA

�0.83† �0.97-�0.69 0% 141.10
�0.54† �0.82-�0.26 NA 4.35
�0.77† �0.94-�0.60 41% 200.99

�0.59† �0.79-�0.40 0% 24.21
– – – –

�0.59† �0.79-�0.40 0% 24.21

�0.44* �0.72-�0.17 NA 2.74
– – – –

�0.44* �0.72-�0.17 NA 2.74
– – – –
– – – –
– – – –

Barre et al



Figure 2. Forest plots of the effect sizes for the subdomains
of receptive language and receptive semantics. See Figure 1
label for explanation.

Figure 1. Forest plots of the effect sizes for the subdomains of
expressive language and expressive semantics. The effect
size for each study is represented by a square with CI bars.
The size of the box indicates the relative weight of the study.
The total meta-analysis result for each subdomain is repre-
sented by the diamond. Negative values indicate lower scores
for the VPT/VLBW group.
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EPT and VPT groups and the statistics for each were com-
bined; a non-significant difference (Table III) was found in
the length of their longest sentences compared with those
of control children. However, this score was only based on
those children who were combining words, which was 58%
of the children born EPT, 87% of the children born VPT,
and 82% of the children born full term.
Receptive Language
Four studies8-10,33 were identified as reporting overall recep-
tive language indices. The meta-analysis revealed a significant
difference between VPT/VLBW children and control chil-
dren (Table III, Figure 2). The individual effect sizes were
mildly to moderately heterogeneous, and a robust fail safe
N statistic was found.

The studies with the highest9 and the lowest33 effect sizes,
contributing to heterogeneity, did not differ substantially in
their cohort’s GA, recruitment source, or year of birth
(Table II). Woodward et al33 had a lower attrition rate and
excluded children with non-English speaking parents, but
the heterogeneity may also be explained by the tests used.
The test used by Hanke et al9 included pragmatics in the
total score, unlike the other tests in this subdomain, which
primarily included semantic and grammar measures.

The large effect size remained when the school-age stud-
ies8-10 were combined (Table III), with no heterogeneity
and a robust fail safe N statistic.
Language Abilities in Children Who Were Very Preterm and/or Ve
Receptive–Semantics
There were only two studies8,41 reporting results for VPT/
VLBW children and control children in the subdomain of re-
ceptive semantics; both were school-age studies. There was
a significant reduction in scores in VPT/VLBW participants
compared with those in control children (Table III,
Figure 2). The reported effect sizes were homogenous, and
a robust fail safe N statistic was found.

Receptive–Grammar
Only one study43 reported on grammar comprehension. This
study followed up on the children reported in Foster-Cohen
et al32 and Woodward et al33 and were thus #33 weeks’ GA,
<1500 g birth weight, or both. Assessed at age 6 years, they
were tested by using the Understanding Directions subtest
of the Woodcock-Johnson III Tests of Achievement (WJ-
III),55 which required them to listen to long sentences and
point to answers. The preterm group scored lower than con-
trol children (Table III). The fail safe N statistic introduces
doubt about the absence of publication bias.

Phonological Awareness, Discourse, and
Pragmatics
No studies in the area of phonological awareness, discourse,
or pragmatics were identified in this meta-analysis.

Discussion

We demonstrate that VPT/VLBW children perform less well
than control children on overall expressive and receptive lan-
guage measures and in the more specific subdomains of ex-
pressive and receptive semantics. The results for expressive
and receptive grammar were equivocal, with only one study
in each subdomain and a low fail safe N statistic for the single
significant effect size. No studies in the subdomains of pho-
nological awareness, discourse, or pragmatics were identified.
ry Low Birth Weight: A Meta-Analysis 771
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The effect sizes identified when examining overall expres-
sive and receptive language showed some heterogeneity
across studies. A number of plausible factors that may have
explained heterogeneous effect sizes within these two analy-
ses were identified, but the small number of studies prevents
any definitive conclusion. A large number of other factors can
also contribute to heterogeneity across studies, including de-
mographic differences, child differences (such as rates of de-
velopmental disability), and participation in early
intervention.

Finally, the only two subdomains to produce heteroge-
neous findings were overall expressive and receptive lan-
guage, which are composite indices. Thus, breaking down
overall expressive and receptive test measures into further
subdomains may result in more homogenous results and
thus a clearer picture of functioning in each subdomain.

Subgroup analyses conducted on children at school age
suggest that poorer language function is present during later
stages of language development. Although longitudinal stud-
ies are required to examine the trajectories of VPT/VLBW
children’s language development, this finding indicates that
these children may have ongoing language difficulties.

These results mirror those from meta-analyses conducted
in other cognitive domains in VPT/VLBW children com-
pared with term-born children. Medium to large effect sizes
were found in the areas of academic achievement56 and over-
all cognitive ability,57 and small to medium effect sizes were
found in executive functioning.56 The large effect sizes in this
meta-analysis, particularly in school-age children, suggest
that VPT/VLBW children show a greater deficit relative to
their peers in language than in executive function, an area
that has generated considerable attention.

Many studies have considered the affect of sociodemo-
graphic factors on outcomes. This meta-analysis used unad-
justed means and SDs to calculate overall effect sizes and
therefore could be influenced by these factors. However,
this may not be the most likely explanation for the results, be-
cause some studies examined differences with and without
adjustment, and found no change in most or all of their mea-
sures.32,33,36,43 Additional studies matched their groups on
demographic factors such as parental education (Table II).
The findings were not considered in the context of IQ
scores, because controlling for IQ takes out part of the
variability in language scores because IQ tests assess
language.58,59 For correcting age for prematurity (Table II),
examination of the individual studies’ effect sizes reveals
that this difference could not have explained the
heterogeneity in the overall expressive and receptive
subdomains. Additionally, an age difference of 1 to 3
months would be unlikely to alter scores when standardized
because age groupings of 6 to 12 months are used on many
tests. Although there is currently no consensus on this
issue,60 it has been recommended on the basis of statistical
modeling that corrected age be used until age 8.5 years.61

Statistically significant differences of 0.38 to 0.77 SD place
VPT/VLBW children 5.7 to 11.6 points lower on a test with
a mean of 100 and SD of 15, which is in the normal range
772
but clearly at the lower end. However, there is large variability
in this population. We did not examine rates of language im-
pairment in this meta-analysis, and many studies did not re-
port it. However, on the basis of the results, we would expect
higher rates of impairment in VPT/VLBW children than in
the term-born population. As such, there is a need for closer
surveillance of language ability in these children.
Language in this meta-analysis was subdivided to more ac-

curately identify specific areas of weakness for VPT/VLBW
children. Language interventions are structured to target differ-
ent language subdomains andmodalities.14,62,63Rigorous stud-
ies are needed in the subdomains of grammar, phonological
awareness, discourse, and pragmatics to determine whether
VPT/VLBW children also perform less well in these areas.
The limitations of this meta-analysis should be considered.

Although the strict inclusion criteria identified high-quality
studies, it limited the number of identified studies, restricting
the use and interpretability of meta-analytic techniques. The
results are only based on measures that could be represented
with means and SDs, excluding measures reported as odds
ratios. Also, we did not assess the orthographic domain,
thus excluding an important adjunct to language develop-
ment. At the outcome level, the absence of acceptable studies
precluded an analysis of the effect of birth weight/GA or rate
of impairments. Finally, no studies were identified for a num-
ber of subdomains. We recommend that future studies in-
clude a control group and test a representative cohort. We
suggest that subdomain language scores be reported in addi-
tion to overall ‘‘language’’ scores. Summary scores tend to
mask differential effects that may be present because of the
heterogeneous nature of language.
To conclude, VPT/VLBW children have significantly

poorer language function compared with control children.
These language difficulties are still present throughout pri-
mary school, a time when language development becomes
more stable and adult-like. We combined data across lan-
guage tests, but within theoretically and clinically relevant
language subdomains. However, 3 areas were not represented
by any data. Longitudinal follow-up studies with robust
methodology are required to fully assess language as a broad
cognitive ability in VPT/VLBW children. n
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Table I. Search terms by database

Database

MEDLINE (ISI): Major Topic terms
Infant, low birth weight OR infant, premature OR infant, premature, diseases

OR premature birth
AND
Achievement OR cognition OR cognition disorders OR communication OR

communication disorders OR developmental disabilities OR educational
status OR intelligence OR language development OR language disorders
OR learning OR psycholinguistics OR psychological tests

PsycINFO (CSA): Descriptors
Birth weight OR premature birth
AND
Achievement OR childhood development OR cognition OR cognitive

development OR communication disorders OR developmental disabilities
OR education OR linguistics OR language OR linguistics OR psychological
assessment OR verbal communication

CINAHL (EBSCO): Subject Heading terms
Infant, low birth weight OR infant, premature OR infant, premature, diseases

OR outcomes of prematurity
AND
Achievement OR cognition disorders OR communication OR developmental

disabilities OR educational status OR intelligence OR language
development OR language disorders OR language tests OR mental
processes OR speech and language assessment OR psycholinguistics OR
psychological tests

ERIC (CSA): Descriptors
Body weight OR premature infants
AND
Academic ability OR academic aptitude OR academic education OR

cognitive ability OR cognitive development OR cognitive processes OR
cognitive science OR cognitive tests OR communication disorders OR
developmental disabilities OR early childhood education OR intelligence
OR language OR language impairments OR language research OR
linguistics OR special education OR speech language pathology OR
verbal ability OR verbal tests

The ‘‘explode’’ function was used where applicable. References were managed using Endnote
software.
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