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IMPORTANCE Despite apparent progress in perinatal care, children born extremely or very
preterm (EP/VP) remain at high risk for cognitive deficits. Insight into factors contributing to
cognitive outcome is key to improve outcomes after EP/VP birth.

OBJECTIVE To examine the cognitive abilities of children of EP/VP birth (EP/VP children) and
the role of perinatal and demographic risk factors.

DATA SOURCES PubMed, Web of Science, and PsycINFO were searched without language
restriction (last search March 2, 2017). Key search terms included preterm, low birth weight,
and intelligence.

STUDY SELECTION Peer-reviewed studies reporting intelligence scores of EP/VP children (<32
weeks of gestation) and full-term controls at age 5 years or older, born in the antenatal
corticosteroids and surfactant era, were included. A total of 268 studies met selection
criteria, of which 71 covered unique cohorts.

DATA EXTRACTION AND SYNTHESIS MOOSE guidelines were followed. Data were
independently extracted by 2 researchers. Standardized mean differences in intelligence per
study were pooled using random-effects meta-analysis. Heterogeneity in effect size across
studies was studied using multivariate, random-effects meta-regression analysis.

MAIN OUTCOMES AND MEASURES Primary outcome was intelligence. Covariates included
gestational age, birth weight, birth year, age at assessment, sex, race/ethnicity,
socioeconomic status, small for gestational age, intraventricular hemorrhage, periventricular
leukomalacia, bronchopulmonary dysplasia (BPD), necrotizing enterocolitis, sepsis, and
postnatal corticosteroid use.

RESULTS The 71 included studies comprised 7752 EP/VP children and 5155 controls. Median
gestational age was 28.5 weeks (interquartile range [IQR], 2.4 weeks) and the mean age at
assessment ranged from 5.0 to 20.1 years. The median proportion of males was 50.0% (IQR,
8.7%). Preterm children had a 0.86-SD lower IQ compared with controls (95% CI, −0.94 to
−0.78, P < .001). Results were heterogeneous across studies (I2 = 74.13; P < .001). This
heterogeneity could not be explained by birth year of the cohort. Multivariate
meta-regression analysis with backward elimination revealed that BPD explained 65% of the
variance in intelligence across studies, with each percent increase in BPD rate across studies
associated with a 0.01-SD decrease in IQ (0.15 IQ points) (P < .001).

CONCLUSIONS AND RELEVANCE Extremely or very preterm children born in the antenatal
corticosteroids and surfactant era show large deficits in intelligence. No improvement in
cognitive outcome was observed between 1990 and 2008. These findings emphasize that
improving outcomes after EP/VP birth remains a major challenge. Bronchopulmonary
dysplasia was found to be a crucial factor for cognitive outcome. Lowering the high incidence
of BPD may be key to improving long-term outcomes after EP/VP birth.
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R ising preterm birth rates1 together with improved
survival2 identify a growing number of children sur-
viving preterm birth. However, despite apparent prog-

ress in perinatal care, long-term morbidity rates have not
decreased.3 Extremely or very preterm (EP/VP) birth (<32 weeks
of gestation) is associated with higher risks for motor, learn-
ing, and behavior problems,4-6 and particularly, cognitive
impairment.7 Among the most immature infants (<28 weeks
of gestation), impairment rates in 1 or more of these neurode-
velopmental domains are reported to be as high as 70%.8 An
important and frequently used measure of outcome is intel-
ligence, as it provides a broad index of cognitive functioning
and is substantially correlated with important life outcomes,
such as physic al and mental health, 9 , 1 0 ac ademic
achievement,11 socioeconomic success,12 and life chances.13

Earlier meta-analyses showed that preterm birth is associ-
ated with lower intelligence, with intelligence level being pro-
portionally related to the degree of immaturity.14,15 The com-
promised intelligence of children of EP/VP birth (EP/VP
children) poses a significant burden on individuals, families,
and society, and provides challenges for education and health
care professionals.

During 24 to 40 weeks of gestation, multiple complex
events critical for brain development take place, including axo-
nal and subplate growth, differentiation of premyelinating oli-
godendrocytes, and proliferation and migration of γ-amino-
butyric acid–ergic neurons.16 These processes are highly
vulnerable to pathogenic factors, such as hemorrhagic events,
hypoxic-ischemic events, and inflammation,16 and may be fur-
ther exacerbated by environmental factors, such as stress ex-
posure during neonatal intensive care unit stay17 and
malnutrition.18 Neuropathology associated with EP/VP birth
includes both direct brain injury, of which white matter le-
sions are most common, and secondary neuronal abnormali-
ties affecting gray matter.16 These disturbances in brain de-
velopment are reflected in reduced overall brain volume in
childhood and adolescence, with reductions being evident in
both gray and white matter19 as well as alterations in white mat-
ter microstructure.20,21 White matter abnormalities in particu-
lar have been associated with neurocognitive impairments.20-22

Insight into factors contributing to alterations in brain de-
velopment and subsequent cognitive impairment in EP/VP chil-
dren is of interest because such knowledge is key to improv-
ing outcomes of these children. Neonatal morbidities, such as
intraventricular hemorrhage (IVH), periventricular leukoma-
lacia (PVL), bronchopulmonary dysplasia (BPD), and infec-
tious diseases (eg, sepsis, necrotizing enterocolitis) have been
associated with brain abnormalities and increased risks for cog-
nitive impairment in preterm children.23-29 Moreover, cer-
tain treatments, such as postnatal corticosteroid use,30 and
demographic factors (eg, sex, socioeconomic status) may play
a role.31,32 However, the relative contribution of each of the pos-
sible risk factors is not known. This lack of knowledge ham-
pers clear conclusions to be drawn about factors that are key
in enhancing the outcomes of EP/VP children and thus might
be the target of interventions. Furthermore, knowledge of risk
factors for cognitive impairment would benefit clinical deci-
sion making and parental counseling in the neonatal period and

contribute to the identification of high-risk infants for close
monitoring and early intervention. Therefore, a meta-
analysis and meta-regression were conducted to examine the
intelligence of EP/VP children and the role of perinatal and
demographic risk factors.

Methods
Study Selection
This meta-analysis was conducted according to MOOSE
guidelines.33 Inclusion criteria for studies were (1) the sample
consisted of infants born EP/VP (<32 weeks’ gestational age
[GA]) and/or with extremely low (<1000 g) or very low (<1500
g) birth weight; (2) a term control group was included; (3) in-
fants were born in the antenatal corticosteroids and surfac-
tant era (ie, 1990 or later) or participated in studies with ear-
lier antenatal corticosteroid and surfactant therapy availability;
(4) age at assessment of at least 5 years; (5) intelligence was
assessed in both groups using standardized, validated tests;
and (6) the study was published in a peer-reviewed journal.

PubMed, Web of Science, and PsycINFO (last search March
2, 2017) were searched without language restriction using com-
binations of the following search terms: prematur*, preterm, low
birth weight, elbw, vlbw, intelligence, intellect*, IQ, cognit*,
mental, abilit*, perform*, function*, disabilit*, impair*, disorder*,
and retard*. In case of overlapping cohorts, selection was based
on the following criteria (in order of importance): (1) the study
with the longest follow-up interval (ie, oldest age at assessment),
(2) the study with the largest sample size, and (3) the study re-
porting the highest number of perinatal variables.

Outcomes and Covariates
Intelligence scores (IQ) and information on perinatal factors and
demographics were extracted from the articles. For studies not
reporting information on all pertinent variables, authors were
contacted to provide additional data. Various intelligence tests,
including full-scale, verbal, and performance measures, were
used across studies (eTable in the Supplement). For studies re-
porting verbal and performance IQ but no full-scale IQ, the mean

Key Points
Question What are the cognitive outcomes of children born
extremely or very preterm since 1990, and what perinatal and
demographic factors predict outcome?

Findings This meta-analysis of 71 studies (7752 extremely or very
preterm and 5155 full-term children) showed a large (0.86
standard deviation) difference in intelligence between extremely
or very preterm children and controls, which was stable in children
born between 1990 and 2008. Bronchopulmonary dysplasia
explained 65% of the variance in intelligence across studies.

Meaning Despite advancing perinatal care, cognitive outcomes of
children born extremely or very preterm did not improve between
1990 and 2008; preventive strategies to reduce the incidence of
bronchopulmonary dysplasia may be crucial to improve outcomes
after extremely or very preterm birth.
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of the verbal and performance scores was computed to provide
a full-scale estimate. A categorical moderator variable was in-
cluded in the analyses to assess the type of test as a source of
heterogeneity in outcomes across studies. Information on GA,
birth weight, birth year, age at assessment, sex, race/ethnicity,
socioeconomic status, small for GA status, IVH grade I/II, IVH
grade III/IV, PVL, BPD, necrotizing enterocolitis, sepsis, and post-
natal corticosteroid use was extracted from the articles and/or
provided by authors. Definitions used, if described, varied across
studies and are reported in the eTable in the Supplement.

Study Quality
The Newcastle-Ottawa Scale for cohort studies was used to as-
sess study quality. All included studies were independently
rated by 2 of us (E.S.T., J.F.d.K.) (eTable in the Supplement) on
aspects of participant selection, group comparability, and out-
come assessment. Two aspects of the scale (“demonstration
that outcome of interest was not present at the start of study”
and “was follow-up long enough for outcomes to occur?”) were
not applicable and therefore omitted. This revision resulted
in a 7-point rating scale, with higher scores representing bet-
ter study quality.

Statistical Analysis
Analyses were performed using Comprehensive Meta-
Analysis, version 3.0 (Biostat). The standardized mean differ-
ence in IQ between EP/VP and full-term children was used as
effect size. The mean difference of each study was weighted
by the inverse of its variance. If studies reported data for in-
dependent subgroups, a combined effect across subgroups was
computed.34 Random-effects meta-analysis was performed to
calculate summary estimates. Dispersion in effect sizes was
quantified using I2. Publication bias was evaluated using fun-
nel plots and the Egger test.

Random-effects meta-regression analysis quantified the
association of demographic and perinatal factors with study-
level effects. Studies were weighted by the inverse of the sum
of the within- and between-study variance. Analyses were per-
formed on complete cases. To evaluate whether complete-
case analysis introduced bias, the correlation between IQ and
the amount of missing values for each covariate was com-
puted. Univariate preselection of covariates was applied to re-
duce the number of covariates. Covariates were selected for
further modeling using an α level of .05. Subsequently, prese-
lected covariates were included in a backward multiple meta-
regression analysis with an α level of .05 as cutoff point for re-
moval.

Results
eFigure 1 in the Supplement shows the study selection pro-
cess. Screening based on title and abstract indicated 1865
possibly relevant articles. Full-text examination revealed
268 eligible studies, of which 71 covered unique cohorts.
These 71 studies comprised 7752 EP/VP children and 5155
controls. Median GA and birth weight of means in the stud-
ies were 28.5 weeks (interquartile range [IQR], 2.4 weeks)

and 1103.6 g (IQR, 265.0 g), respectively. Mean age at assess-
ment varied from 5.0 to 20.1 years. The median proportion
of males was 50.0% (IQR, 8.7%). The eTable in the
Supplement provides details of all included studies with
accompanying references (eReferences in the Supplement).
Median incidence rates were highest for sepsis (28.9%) and
BPD (27.0%), and lowest for IVH grade III/IV (3.1%) and PVL
(3.6%).

Intelligence
The IQs of EP/VP children were 0.86 SDs lower compared
with those of full-term children (95% CI, −0.94 to −0.78,
P < .001), corresponding to a difference of 12.9 IQ points.
This difference represents a large effect. A forest plot is pro-
vided in eFigure 2 in the Supplement. Results across studies
were heterogeneous (I2 = 74.13, P < .001). This heteroge-
neity could not be explained by type of intelligence test
(95% CI, −0.37 to 0.05; P = .13), study quality (95% CI,
−0.09 to 0.03; P = .36), or age at assessment (95% CI, −0.02
to 0.03; P = .85). Furthermore, as depicted in Figure 1, the
standardized mean difference in IQ across studies did not
vary as a function of birth year of the cohort—neither unad-
justed (95% CI, −0.02 to 0.02; P = .77) nor adjusted for GA
(95% CI, −0.03 to 0.01; P = .30). Sensitivity analyses were
performed to explore whether this finding was affected by
study quality or region of origin. Analysis including only
high-quality studies (Newcastle-Ottawa Scale score >5)
showed similar results (95% CI, −0.06 to 0.02; P = .25). The
same was true for analysis including only cohorts from
Western countries (95% CI, −0.01 to 0.03; P = .58). Differen-
tiation between studies originating from North America
(95% CI, −0.05 to 0.04; P = .71) and Europe (95% CI, −0.01
to 0.04; P = .22) did not change the results. Further differ-
entiation between regions was not possible due to the small
numbers of studies from other regions.

Figure 1. Association Between Birth Year and the Standardized Mean
Difference in IQ Between Extremely or Very Preterm Born Children
and Full-term Controls
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Cognitive Outcomes of Children Born Very Preterm Since the 1990s Original Investigation Research

jamapediatrics.com (Reprinted) JAMA Pediatrics April 2018 Volume 172, Number 4 363

© 2018 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/27/2022

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamapediatrics.2017.5323&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2017.5323
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamapediatrics.2017.5323&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2017.5323
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamapediatrics.2017.5323&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2017.5323
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamapediatrics.2017.5323&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2017.5323
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamapediatrics.2017.5323&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2017.5323
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamapediatrics.2017.5323&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2017.5323
http://www.jamapediatrics.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2017.5323


Demographic and Perinatal Risk Factors
Weak, nonsignificant correlations (r = 0.03-0.23) were observed
between IQ and the amount of missing values in covariates. Rel-
evant covariates were preselected using univariate meta-
regression analyses. Results of all univariate analyses are present-
ed in the Table. Gestational age, birth weight, IVH grade I/II, PVL,
BPD, and postnatal corticosteroid use significantly explained
heterogeneityineffectsizeacrossstudiesandwerethereforecon-
sidered for further modeling. Small for GA, IVH grade III/IV, nec-
rotizingenterocolitis,sepsis,sex,race/ethnicity,andmaternaledu-
cational level were nonsignificant covariates. Backward multiple
meta-regression analysis including all studies with complete data
foraforementionedcovariates(k = 24)revealedthatheterogeneity
ineffectsizeacrossstudieswassignificantlyexplainedbyGA(95%
CI, 0.04 to 0.17; P = .002) and BPD (95% CI, −0.01 to −0.001; P =
.02). This model was retested including all studies with complete
data for both GA and BPD (k = 49). Gestational age was a nonsig-
nificantcovariate(95%CI,−0.007to0.10;P = .09)whenBPDwas
included in the model and inclusion of GA did not affect the co-
efficient of BPD, implying that the association between BPD and
the outcome was not confounded by GA. Furthermore, the vari-
ance seemed not to be inflated due to multicollinearity (variance
inflation factor = 1.93). The final model included only BPD (95%
CI, −0.01 to −0.006; P < .001), resulting in a total explained vari-
ance of 65% (95% CI, 32% to 98%; P<.001). Each percent increase
in BPD rate across studies was associated with a 0.01-SD decrease
in IQ (0.15 IQ points) in EP/VP children compared with controls.
Given these results, a BPD rate of 0% is associated with a differ-
ence in IQ of 0.55 SDs between EP/VP children and controls,
whereas a BPD rate of 100% is associated with a 1.55-SD differ-
ence. At the individual level, this finding suggests that a diagno-
sis of BPD is associated with a 1-SD decrease in IQ (15 IQ points)
compared with the absence of BPD. Figure 2 shows the regression
plotofBPDonthestandardizedmeandifferenceinIQacrossstud-
ies. Postnatal corticosteroid use was found to explain 33% of the
variance in the univariate analysis. Postnatal corticosteroid use
andBPDweresignificantlycorrelated(r = −0.57).However,adding

BPD to the regression model (k = 30) rendered the result for post-
natal corticosteroid use nonsignificant (95% CI, −0.005 to 0.004;
P = .75). No evidence for multicollinearity was found (variance
inflation factor = 1.49). The confounding effect of BPD definition
could not be assessed because the definition used was unknown
for a number of studies. Alternatively, birth year was used as a
proxy for BPD definition since the definition utilized is likely re-
lated to birth year of the cohort. Controlling for birth year did not
alter the results.

Publication Bias
Inspection of the funnel plot (eFigure 3 in the Supplement) did
not suggest publication bias. This finding was confirmed by the
nonsignificant Egger test (t = 0.78, P = .44).

Discussion
This meta-analysis and meta-regression aimed to clarify the
role of perinatal and demographic factors for long-term cog-
nitive outcome of EP/VP children. Based on 71 studies
including 7752 EP/VP children and 5155 controls, our results
demonstrated a large difference (0.86 SD) in intelligence
between EP/VP children and their full-term peers, which
corresponds to approximately 13 points in IQ. This differ-
ence was stable over age (5-20 years) and birth year (1990-
2008). Second, considering a wide range of perinatal and
demographic risk factors, we showed a strong association
between BPD and long-term cognitive outcome in EP/VP
children.

A difference in intelligence of almost 1 SD is likely to have
important consequences for academic achievement and so-
cioeconomic outcomes. Preterm birth is associated with poor
academic outcome, lower incomes, and increased social se-
curity dependency.35,36Assuming a normal distribution of IQ,
a lowering of almost 1 SD suggests that approximately 16% of
the EP/VP children have an IQ that is 2 SDs below the popula-

Table. Results of Univariate Meta-Regression Analyses of the Association Between Perinatal
and Demographic Covariates and Intelligence Scores

Covariate κ Value
Change in IQ Points per Unit Change in Covariate (95%
CI)a R2 Value

GA, wk 70 1.26 (0.52 to 2.00)b 23.94

BW, g 68 0.02 (0.003 to 0.02)c 19.84

SGA, % 50 −0.04 (−0.15 to 0.07) 0.79

IVH grade I/II, % 50 −0.17 (−0.31 to −0.03)d 13.07

IVH grade III/IV, % 54 −0.26 (−0.54 to 0.03) 9.15

PVL, % 46 −0.26 (−0.48 to −0.04)d 13.08

BPD, % 49 −0.15 (−0.19 to −0.09)b 64.99

NEC, % 41 0.06 (−0.13 to 0.24) 0.26

Sepsis, % 38 −0.05 (−0.12 to 0.03) 1.36

Postnatal corticosteroid
use, %

31 −0.09 (−0.17 to −0.01)d 32.68

Sex, % male 66 0.10 (−0.05 to 0.26) 1.62

Race/ethnicity, %
nonwhite

33 −0.001 (−0.11 to 0.09) 0.17

Maternal education <12 y,
%

15 −0.03 (−0.20 to 0.07) 0

Abbreviations: BPD,
bronchopulmonary dysplasia; BW,
birth weight; GA, gestational age;
IVH, intraventricular hemorrhage;
NEC, necrotizing enterocolitis; PVL,
periventricular leukomalacia; SGA,
small for gestational age.
a These values indicate the change in

IQ points for each unit change in the
covariate. For example, a 1-week
change in GA is associated with a
1.26-point change in IQ. A negative
value indicates a negative
association (ie, a decrease in the
covariate is associated with an
increase in IQ and vice versa). For
example, a decrease of 1% in the
rate of BPD is associated with an
increase in IQ of 0.15 points.

b P < .001.
c P < .01.
d P < .05.
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tion mean compared with 2.5% in the total population, which
is indicative of intellectual disability according to the DSM-5.37

In 2002, Bhutta and colleagues14 showed the detrimental ef-
fect of preterm birth on intelligence based on cohorts of children
born before 1990. Based on cohorts of children born in the ante-
natal corticosteroid and surfactant era and having almost 5 times
morestudiesatourdisposal,wefoundasimilarlylargeeffect.Our
results are also comparable to the findings of Kerr-Wilson et al,15

basedon27studiesincludingpretermchildrenbornbetween1975
and 2000. Apart from the lack of improvement in cognitive out-
comes shown by the present meta-analysis in comparison with
the meta-analysis of Bhutta and colleagues,14 our study presents
no evidence of improvement of cognitive outcome between 1990
and 2008, even when differences in mean GA over time were
taken into consideration. These findings suggest that, regarding
long-term cognitive outcomes, no significant progress has been
made since the early 1990s. Changes in neonatal practice, for ex-
ample,thelargelydecreaseduseofpostnatalcorticosteroids,may
have resulted in some improvement in cerebral palsy and neu-
rosensory disability rates.38 However, other studies showed no
improvementintheseoutcomesovertime.39,40 Overall, improve-
ment of neurodevelopmental outcomes, including severe cogni-
tiveandneurosensorydisabilities,seemstobeonlymarginal.This
finding emphasizes the need to identify strategies to improve
long-term cognitive outcomes of EP/VP children.

Neonatal morbidities have been associated with brain ab-
normalities and cognitive impairment in preterm children.
Moreover, these complications are modifiable and thus fac-
tors for further study and intervention. Several large cohort
studies reported neonatal morbidity rates between 1990 and
2010. Studies from Israel,41 the Netherlands,42 Switzerland,43

the United States,44 England,45 and Canada46 reported de-
creased mortality rates for each week of gestation, while over-
all morbidity rates remained unchanged. One study from
France47 showed reductions in overall morbidity. For the spe-
cific complications, results were mixed. Incidence rates of se-
vere IVH, PVL, and necrotizing enterocolitis remained either
stable or decreased.41-47 Moreover, as shown in the present
meta-analysis, rates of these complications in follow-up
samples are relatively low (3.1% [severe IVH], 3.6% [PVL], and
4.6% [necrotizing enterocolitis]). This is different for BPD.
Aforementioned cohort studies showed stable or increased in-
cidence rates for BPD over the past decades, and the median
incidence rate based on studies included in this meta-
analysis was as high as 27%. We showed that BPD plays a key
role in long-term cognitive outcomes in EP/VP children.

Previous studies showed a positive association between
BPD and brain abnormalities in preterm infants.48,49 The
mechanisms underlying the association between BPD, brain
development, and subsequent cognitive outcome remain to
be further elucidated. One factor implicated in the pathogen-
esis of both BPD and brain injury in preterm infants is oxida-
tive stress,50-52 which is defined as an imbalance between the
generation of free radicals and antioxidant defense capacity.53

Because of exposure to high oxygen concentrations, infection
and inflammation, reduced antioxidant defense, and free iron
release, EP/VP children are at high risk for oxidative stress.52

Immaturity of organs, hypoxia-ischemia, hyperoxia,

inadequate nutrition, and mechanical ventilation further in-
crease the risk for free radical–induced injury.54 Animal stud-
ies have shown that hyperoxia results in both lung and brain
injury, and the severity of lung injury was positively related
to the severity of brain injury.55,56 Regardless of whether it is
causal, the association between BPD and brain abnormalities
may depend on common pathogenic mechanisms induced by
shared and unshared risk factors. Moreover, postnatal corti-
costeroids were widely used in the past to treat BPD, while later
evidence showed substantial adverse consequences for
neurodevelopment.30 Results of the present meta-regression
analysis do not suggest that the strong association between BPD
and intelligence can be mainly attributed to postnatal corti-
costeroid use. However, given the well-established negative
consequences for brain development and the interrelated-
ness of BPD and postnatal corticosteroid use, their influence
on neurodevelopment cannot be seen in isolation. Future stud-
ies on the mechanisms underlying the association between BPD
and neurodevelopment should take the postnatal use of cor-
ticosteroids into account. Furthermore, the neurodevelop-
mental safety of corticosteroid therapies other than dexameth-
asone—the most common kind of corticosteroid used in the
present studies—should be explored. For example, recent evi-
dence suggests that hydrocortisone may affect neurocogni-
tive development to a lesser extent than dexamethasone.57

The rates of BPD varied across studies and were associated
with the immaturity of the infants included. It remains to be
evaluated in future studies whether differences in clinical prac-
tice may also explain part of this variation. To our knowledge,
no single prevention or intervention strategy was proven to have
a considerable influence on the incidence of BPD.58 For ex-
ample, lowering the initial oxygen concentration during resus-
citation to 30% had no benefits with respect to the risk for BPD
and oxidative stress compared with 65% oxygen.59 The fact that
multiple factors seem to be involved in the development of BPD
and neonatal brain injury advocates a multifactorial approach

Figure 2. Association Between Incidence of Bronchopulmonary
Dysplasia and the Standardized Mean Difference in IQ Between
Extremely or Very Preterm Born Children and Full-term Controls
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for prevention and treatment. Potential strategies may include
an optimal ventilation strategy60 and oxygen concentration,61

anti-inflammatory agents,62 antioxidant therapy,63 and ad-
equate nutritional support.64 Finally, recent evidence points at
the potential of stem cell–based therapies as a highly promis-
ing treatment for neonatal lung and brain injury.65

Limitations
Onelimitationofthepresentmeta-analysisisthenumberofmiss-
ing details for demographic and perinatal risk factors. Despite our
efforttocontactallauthorsforadditionaldataandthesubsequent
effort of many authors to provide these data, the proportion of
missing data for covariates was relatively high. Although the cor-
relation between the proportion of missing data and the outcome
of studies was weak, missing data may still form a source of bias
asmeta-regressionanalysescouldbeperformedonlyusingasub-
sample of available studies. The number of studies in our analy-
ses was nevertheless large and we found no evidence for pub-
lication bias or bias related to study quality. Another limitation
relates to the differences in definitions of morbidities across stud-
ies, subsequently affecting incidence rates. In addition, a num-
ber of studies did not report which definition was used. This lack
of information hampered direct assessment of the influence of
varying definitions on our results. Differences in definitions may
arise as a function of time (eg, the 28-day definition of BPD may
be mainly used in older cohorts). However, controlling for birth

year did not alter our results. Studies used various measures of
socioeconomic status, which limited the possibility to properly
assess its role. In contrast to the present findings, previous stud-
ies showed the importance of socioeconomic factors for cogni-
tive outcomes of preterm children.32 This association may even
be underestimated since it is recognized that children from lower
socioeconomic backgrounds are more frequently lost to
follow-up.66 Meta-regression uses aggregated instead of indi-
vidualpatientdata,whichresults inalossofinformationandmay
explain the absence of this association in our study. While reduc-
ing neonatal complications or counteracting their effects is im-
portant to improve long-term outcomes of preterm children, so-
cioeconomic factors should not escape our attention.

Conclusions
In this meta-analysis, robust evidence was found for large
deficits in intelligence in children born EP/VP from 1990 to
2008. Despite advancing neonatal health care, the results
show no indication of improvements in long-term cognitive
outcome during this period. Bronchopulmonary dysplasia
was found to be a crucial factor for long-term cognitive out-
come and the incidence rate remains high. This finding sug-
gests that reducing the incidence of BPD in EP/VP children
would be beneficial.
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