s1dLIOSNUBIA JoyINy sispund DN 8doin3 ¢

s1dLosnuUep JoyIny sispund DN adoin3 ¢

Europe PMC Funders Group
Author Manuscript
JAMA Pediatr. Author manuscript; available in PMC 2016 November 24.

Published in final edited form as:
JAMA Pediatr. 2015 December ; 169(12): 1162-1172. doi:10.1001/jamapediatrics.2015.2175.

Prognostic Factors for Poor Cognitive Development in Children
Born Very Preterm or With Very Low Birth Weight: A Systematic
Review

Louise Linsell, BSc, MSc,
National Perinatal Epidemiology Unit, Nuffield Department of Population Health, University of
Oxford, Oxford, England

Reem Malouf, MSc, MD,
National Perinatal Epidemiology Unit, Nuffield Department of Population Health, University of
Oxford, Oxford, England

Joan Morris, MA, MSc, PhD,
Centre for Environmental and Preventive Medicine, Barts and The London School of Medicine
and Dentistry, Queen Mary University of London, London, England

Jennifer J. Kurinczuk, BSc, MBChB, MSc, MD, and
National Perinatal Epidemiology Unit, Nuffield Department of Population Health, University of
Oxford, Oxford, England

Neil Marlow, BA, MBBS, MRCP, MD
Institute of Women'’s Health, University College London, London, England

Abstract

Importance—Cognitive delay is the most common form of impairment among children born
very preterm (VPT) at 32 weeks or less or with very low birth weight (VLBW) of 1250 g or less. It
is important to identify factors that are robust predictors of long-term outcome because the ability
to predict future prognosis will assist in health care and educational service planning and
provision.

Corresponding Author: Louise Linsell, BSc, MSc, National Perinatal Epidemiology Unit, Nuffield Department of Population Health,
University of Oxford, Old Road Campus, Headington, Oxford OX3 7LF, England (louise.linsell@npeu.ox.ac.uk).

Author Contributions: Ms Linsell had full access to all the data in the study and takes responsibility for the integrity of the data and
the accuracy of the data analysis.

Study concept and design: Linsell, Morris, Kurinczuk, Marlow.

Acquisition, analysis, or interpretation of data: Linsell, Malouf,

Drafting of the manuscript: Linsell, Morris, Kurinczuk, Marlow.

Critical revision of the manuscript for important intellectual content: Linsell, Morris, Kurinczuk, Marlow.

Administrative, technical, or material support: All authors.

Additional Contributions: Nia Wyn Roberts, MSc(Econ) (Health Care Libraries, Bodleian Libraries, University of Oxford) provided
input and expertise during the database search phase of the review. No compensation was provided.

Conflict of Interest Disclosures: None reported.

Disclaimer: This article presents independent research funded by the National Institute for Health Research (NIHR). The views
expressed are those of the authors and not necessarily those of the NHS, the NIHR, or the Department of Health.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Linsell et al. Page 2

Objective—To identify prognostic factors for poor cognitive development in children born VPT
or with VLBW.

Evidence Review—A systematic review was conducted using MEDLINE, EMBASE, and
PyscINFO databases to identify studies published between January 1, 1990, and June 1, 2014,
reporting multivariable prediction models for neurodevelopment in VPT or VLBW children.
Thirty-one studies comprising 98 risk factor models for cognitive outcome were identified. Two
independent reviewers extracted key information on study design, outcome definition, risk factor
selection, model development, and reporting and conducted a risk-of-bias assessment.

Findings—There was evidence that male sex, nonwhite race/ethnicity, lower level of parental
education, and lower birth weight were predictive of global cognitive impairment in children
younger than 5 years. In older children, only the influence of parental education was sustained.
Male sex was also predictive of language impairment in early infancy, but not in middle childhood.
Gestational age was a poor predictor of cognitive outcome, probably because of a reduced
discriminatory power in cohorts restricted to a narrow gestational age range. The prognostic value
of neonatal brain injury was unclear; however, studies adopted mixed strategies for managing
children with physical or neurosensory disability.

Conclusions and Relevance—The influence of perinatal risk factors on cognitive
development of VPT or VLBW children appears to diminish over time as environmental factors
become more important. It is difficult to isolate cognitive outcomes from motor and neurosensory
impairment, and the strategy for dealing with untestable children has implications for risk
prediction.

This is the first article from a comprehensive systematic review of risk factor analyses for
poor neurodevelopmental outcomes in very preterm (VPT) (<32 weeks) or very low birth
weight (VLBW) (<1250 g) survivors. The objective of this comprehensive review was to
consolidate the evidence on the risk of impairment in the domains of cognition, motor
function, behavior, hearing, and vision, to inform future prognostic research. The focus of
this first article is to identify risk factors that are robust predictors of impaired cognitive
function, including language skills, executive function, and academic attainment, as well as
global 1Q.

Prematurity has a pervasive effect on all neurodevelopmental domains. However, while
cerebral palsy (CP) and neurosensory disorders such as deafness and blindness can have a
severe effect on development, cognitive impairments are by far the most prevalent sequelae
in the VPT or VLBW population. Cognitive delay has been reported to be as high as 40% at
school age among extremely preterm (EPT) children born at less than 28 weeks’ gestation.
1-3 The 1Q scores at school age of preterm children without severe disability have
consistently been found to be lower than those of their term control subjects and related to
gestational age (GA) at birth.4

In addition to being at increased risk of global cognitive impairment, VPT or VLBW
children are more likely to perform less well on tests of attention and executive function
compared with their full-term peers,5 even after adjusting for 1Q.6-8 They also have a
higher rate of language problems in both the expressive and receptive domains that persists
into middle childhood.9 Problems with cognitive and language development mean that many
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VPT or VLBW survivors are at high risk of poor academic attainment and reduced lifelong
earning potential and life chances. A significant proportion require full-time specialist
education, and most of those in mainstream education require specialist academic, health, or
behavioral support services to aid their transition through school.10

There is likely to be a complex relationship between cognitive function, biological and
environmental factors, and clinical events during and after the perinatal period of a VPT
birth. To help promote optimal development, the contribution of all these factors to risk
needs to be determined. The objective of this review article was to summarize published
multivariable outcome prediction models that aim to identify the combination of factors
most strongly associated with cognitive impairment in early infancy and later childhood.

The methods for the overall systematic review of poor neurodevelopment have been
previously published in a review protocol, available at http://www.crd.york.ac.uk/
PROSPERO. The registration number is CRD42014006943.

Search Strategy

Three electronic search strategies were devised in MEDLINE, EMBASE, and PsycINFO
databases (eBoxes 1, 2, and 3 in the Supplement) using the National Institutes of Health
Medical Subject Headings. The searches identified any journal articles published between
January 1, 1990, and June 1, 2014, reporting a multivariable risk prediction model for a
neurodevelopmental outcome assessed after age 18 months in VPT or VLBW children. No
language restrictions were made. The bibliographies of all articles included for data
extraction were hand searched for further eligible articles.

Eligibility Criteria

Avrticles were included in the review if they satisfied the following eligibility criteria: (1)
they contained original data; (2) the study population was born after January 1, 1990; (3) the
study population was 32 weeks’ GA or younger or with birth weight of 1250 g or less and
not a highly select group (based on other clinical criteria); and (4) one objective was to
perform a multivariable risk factor analysis (>2 variables) of a neurodevelopmental outcome
assessed after 18 months of age. Explanatory prognostic factor studies that investigated the
causal pathway between a single prognostic factor and an outcome to estimate effect size
were not included in the review. Current guidelines recommend not combining these 2
distinct types of study because their objectives and model-building strategies differ and
could lead to biased results if synthesized.11,12

Data Extraction

All articles identified by the search strategies were screened on title and abstract for definite
exclusions and duplicates (screen 1). For the remaining articles, the full text was retrieved,
and the inclusion criteria were applied (screen 2). The 2 screens were performed by the first
author (L.L.) in the first instance, but if there was uncertainty about the eligibility of an
article, it was screened independently by the second author (R.M.). If a decision could not be

JAMA Pediatr. Author manuscript; available in PMC 2016 November 24.


http://www.crd.york.ac.uk/PROSPERO
http://www.crd.york.ac.uk/PROSPERO

s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Linsell et al.

Page 4

reached, the article was referred to the rest of the author review team (J.M., J.J.K., and
N.M.). Non-English-language articles included in the review were fully translated. Multiple
articles based on the same cohort of children underwent a panel review (by L.L., R.M., and
N.M.). Articles reporting the same outcome domain (cognition, motor function, behavior,
hearing, and vision) at the same age at assessment (<5 years and =5 years) were assessed on
relevance to the review, and only one article was selected for data extraction. For all articles
eligible for inclusion, both reviewers (L.L. and R.M.) independently completed a full data
extraction form and risk-of-bias assessment on a customized database (Access 2010;
Microsoft Corporation). These were cross-validated for discrepancies and were referred to
the rest of the author review team if agreement could not be reached.

Risk-of-Bias Assessment

Overwhelming evidence shows that the conduct and reporting of published articles
describing the development or validation prediction models are poor,13 which has led to the
creation of quality assessment tools specific for these types of studies. In this review, the
quality of studies was assessed according to a modified version of the Quality in Prognosis
Studies tool,14 which is a standardized set of criteria recommended for use in reviews of
prognosis (eTable 1 in the Supplement). The tool focuses on the following 6 areas of
potential bias pertinent to studies of prognosis: study participation, study attrition,
prognostic factor measurement, outcome measurement, confounding measurement and
account, and statistical analysis. Studies were graded as yes, partly, or no for each bias
domain and were classified as having a low to moderate risk of bias if they were graded as
yes or partly in all 6 bias domains and moderate to high risk of bias otherwise.

Data Synthesis and Reporting

The results were presented in accord with the Preferred Reporting Items for Systematic
Reviews and Meta-analyses guidelines.15 Risk factors that were statistically significant (P
<.05) in the final model were reported for each study. Studies were grouped according to the
type of outcome studied (global cognitive function measured by a general cognitive test or
1Q score, language, executive function, and academic attainment) and according to the age at
assessment (<5 years and =5 years). This is because assessments in early infancy can be
unreliable and are more crude measurements of cognitive development that rely to some
extent on motor function, whereas assessments in later childhood measure higher-order
cognitive functioning; therefore, risk factors may differ.A risk factor was presented
graphically if it was statistically significant in the final model of at least 1 study with low to
moderate risk of bias and was included in the final model of at least 2 other studies
(including studies with moderate to high risk of bias) within the same outcome domain. The
plots display the number and quality of all studies that entered each risk factor into the final
model and whether the risk factor was reported as a significant predictor or as
nonsignificant. Because no clear conclusions could be made about risk factors considered in
the final model of only 1 or 2 studies, the graphs were truncated at this point because they
become noninformative.
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The search strategy for the comprehensive systematic review retrieved 44 500 articles, and
after removing duplicates, the first screen on title and abstract was performed on 32 283
articles (Figure 1). For 29 999, the title or abstract clearly indicated that the topic of the
article was not relevant to the review question or did not satisfy one of the inclusion criteria.
The remaining 2284 articles were screened on full text, applying the full set of eligibility
criteria. Eligibility was unclear in 136 (6%), and were reviewed by the second independent
reviewer (R.M.), or the author was contacted (if uncertainty was because of missing
information). After applying the eligibility criteria, 91 articles (from 48 cohort populations)
containing multivariable risk factor analyses were eligible for inclusion. Following panel
review, a further 13 articles were excluded because they reported the same outcome domain
at the same age at assessment in the same cohort as another article with a more relevant
objective. Five of the articles excluded because of cohort overlap were based on cognitive
outcomes.8,16-19 The remaining 78 articles were included in the data extraction for the
comprehensive systematic review.No further articles were identified in the hand search of
bibliographies. This review article summarizes the results of the 31 studies20-50 reporting
risk factor analyses for cognitive outcomes. These 31 studies were based on 21 independent
cohort populations and reported a total of 98 risk factor models.

Study Characteristics

The main study design was prospective cohort(n = 27). There was also one cross-sectional
study46 and 3 randomized clinical trial populations.27,42,44 Of the 27 prospective cohorts,
12 were ascertained from all live births in a geographically defined region,* and 10 were
recruited from a single-center neonatal intensive care unit.t Studies were conducted in 12
countries, including the United States (n = 9), United Kingdom (n = 4), Netherlands (n = 4),
Germany (n = 3), Australia (n = 2), Finland (n = 2), and France (n = 2) and 1 study each
from Austria, Denmark, Estonia, Italy, and Norway. The median sample size was 219
(range, 45-3785), and 3 studies21,22,33 had more than 1000 participants. Four
studies24,26,38,50 were restricted to EPT children, and 3 studies35,44,47 excluded multiple
births. The risk-of-bias assessment classified 14 studies (45%) as low to moderate risk of
bias and 17 studies (55%) as moderate to high risk of bias (Figure 2).

Prognostic Factors for Global Cognitive Impairment

Twenty studies contained a risk factor analysis for general cognitive function or 1Q (Table 1
and Table 2). Eight studies20-27 assessed outcome between ages 1.5 and 2.5 years and 12
studies28-39 between ages 5 and 13 years. The most common assessment used before age 5
years was the Mental Development Index from the Bayley Scales of Infant Development
version 1151 or the Cognitive Composite Score from version 11152 in the more recent studies.
The Mental Development Index assesses cognition through evaluation of sensory perception,
knowledge, memory, problem solving, and early language. The more recent version splits
cognitive and language skills into separate domains. There was more variety in measurement

*References 20, 23, 25, 26, 29-31, 33, 36, 38, 40, 50
TReferences 28, 32, 34, 37, 39, 41, 43, 45, 47, 49
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scales used in assessments at age 5 years and older, with the most common being the Mental
Processing Composite Score from the Kaufman Assessment Battery for Children53 and the
full-scale 1Q from Wechsler’s Preschool and Primary Scale of Intelligence—Revised.54 Risk
factors that were found to be significant in the final model of at least 1 study with low to
moderate risk of bias and examined in the final model of at least 2 other studies are shown in
Figure 3A (for children <5 years) and Figure 3B (for children =5 years).

Among studies in which the age at assessment was younger than 5 years (Figure 3A), the 2
largest studies21,22 with low to moderate risk of bias and at least 1 other study with low to
moderate risk of bias found the following factors to be predictive of poorer cognitive
development: male sex, nonwhite race/ethnicity, lower level of parental education, lower
birth weight, and brain injury during the neonatal period. However, the other
studies20,23,25,27 that also examined these risk factors sometimes contradicted these
findings, with the exception of race/ethnicity. There was also some evidence that the absence
of antenatal corticosteroid use and lower GA were not predictive of poorer cognitive
function in children younger than 5 years.

Most of the studies examining cognitive function at 5 years and older had moderate to high
risk of bias (Figure 3B). The association between level of parental education and cognitive
impairment was also evident in this age group, but the association with male sex was greatly
diminished. Race/ethnicity was not entered into the final model in any of the studies among
older children (or was not reported when it was used as an adjustment factor in 2
studies34,37). Therefore, it was not possible to determine whether the influence of this
factor prevailed into middle childhood. Most studies in this age group also found that
younger GA had little prognostic value in a multivariable prediction model.

Prognostic Factors for Impaired Language Development

Risk factor analyses for language development were conducted in 8 studies (eTable 2 in the
Supplement). Five studies22,25,40-42 assessed outcome between ages 1.5 and 3 years, and
3 studies34,37,43 with moderate to high risk of bias assessed outcome between ages 5 and 8
years. There was more heterogeneity in the types of tests used to measure language skills
compared with cognition. The eFigure in the Supplement shows the risk factors that were
found to be significant in the final model of at least 1 study with low to moderate risk of bias
and entered into the final model of at least 2 other studies.

All 5 studies22,25,40-42 conducted in children younger than 5 years included male sex in
the final model and reported that this variable was predictive of poor language development.
It was not possible to comment on the effect of male sex in middle childhood because 2
studies34,37 among 3 conducted at age 5 years and older adjusted for it but did not report
the results for adjustment factors while the third study43 did not enter sex into the final
model because it was not significant in the univariate analysis. Three studies22,40,43
reported that lower level of parental education was associated with poor language
development, and 2 studies25,41 reported no such association. There were also mixed
findings for the prognostic value of children being small for GA. It was not possible to draw
any conclusions about neonatal brain injury as a prognostic factor for language impairment,
possibly because studies used different strategies to deal with children with severe
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neurosensory impairment for whom standard assessments could not be used, with some
imputing the lowest possible score and others excluding this group completely. As with
cognition, there was evidence that GA was not a strong predictor of language development
in a multivariable model.

Prognostic Factors for Impaired Executive Function

Seven studies32,34,37,44-47 with moderate to high risk of bias presented risk factor
analyses for different aspects of executive function (eTable 3 in the Supplement), with all
except one based on age at assessment of 5 to 12 years. The median number of tests
administered within each study was 5, and the maximum was 13. The risk factors listed in
eTable 3 in the Supplement were significant in at least 1 of the final models. It was difficult
to combine these results in any meaningful way because of the small number of studies
using a wide variety of tests to measure interrelated cognitive processes.

Prognostic Factors for Poor Academic Attainment

Four studies (2 studies48,50 with low to moderate risk of bias and 2 studies37,49 with
moderate to high risk of bias) performed risk factor analyses for academic attainment
(eTable 4 in the Supplement), all based on age at assessment between 5 and 12 years. All 4
studies presented a model on mathematical ability, 2 studies presented a model on letter and
word identification, and 1 study presented a model on reading scores. Again, there were too
few studies and insufficient overlap in the risk factors entered into the final models to
combine the results and draw any meaningful conclusions.

Discussion

For the VPT or VLBW population, there was fairly strong evidence that male sex was a
prognostic factor for poorer cognitive development and language skills in early infancy, a
finding supported by other studies55-57 that have focused exclusively on the association of
infant sex with cognitive function. However, in the studies conducted later in childhood that
were included in this review, the influence of sex on general cognition was largely
diminished. We were unable to comment on whether this finding was also true for language
development because of the lack of studies assessing children at 5 years and older. There
were similar findings for nonwhite race/ethnicity and lower birth weight in relation to
cognitive impairment. Both factors were clearly prognostic in early infancy, but no evidence
was available in middle childhood for race/ethnicity, with a lack of association in later years
for birth weight. There was evidence that a lower level of parental education was predictive
of cognitive impairment, supported by a recent study58 in an EPT population that focused
solely on this hypothesis. Unlike factors related to infant characteristics, the influence of
parental education appeared to persist into middle childhood. Evidence for the prognostic
value of parental education in relation to language development was weak.

Research has shown links among nonwhite race/ethnicity, lower birth weight, and parental
education or socioeconomic status (SES),59,60 so it is notable that these factors were
independent predictors in the final models of the 4 studies21,22,24,26 in the age group
younger than 5 years. Other studies61,62 have found that the effect of race/ethnicity is
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strongly mediated by markers of deprivation. In the present review, level of parental
education emerged as a prognostic factor of cognitive outcome, whereas parental SES did
not. This finding may be because of multicollinearity, or possibly a single marker of parental
SES such as income or occupation (as used in most studies in the review) is insufficient to
capture an accurate measure of social disadvantage. Combining a range of social markers
into a composite score may be a more effective modeling strategy.

Many studies that have focused exclusively on the relationship between brain injury
diagnosed in the neonatal period and subsequent cognitive function have reported strong
linear trends with grade of severity.63-66 However, the prognostic value of brain injury in
the multivariable models reported in this review was mixed. This result is possibly because
cognitive and language development is multifactorial, unlike a diagnosis of CP, which is
more directly related to focal brain injury, so that the influence of perinatal factors becomes
less pronounced when other variables are entered into a model. The unclear findings may
also reflect the different modeling strategies adopted by the studies. Some studies excluded
children with CP or other neurosensory impairment, some imputed lowest scores, and others
adjusted for motor disability.

There was strong evidence that GA was not a robust predictor of cognitive and language
development in infancy or in middle childhood in the VPT or VLBW population. Although
the relationship between older GA and improved cognition is well established across the
whole spectrum of GA from 25 to 40 weeks,4 it does not emerge as an important predictor
in individual studies with preterm subgroups defined by restricted GA. Although a strong
positive relationship with GA is seen when survival without neurodevelopmental impairment
is calculated as a function of all live births, the association weakens when the denominator is
survivors at discharge, as with all the studies included in this review. This occurs because the
proportion of surviving children rises steeply with GA, while the proportion of impaired
survivors does not.

Our study has strengths and limitations. We used a broad search filter with no language
restriction to capture all studies with exploratory risk factor analyses, which is recommended
in this type of review.67 No further articles were identified in the hand-search of
bibliographies of all studies included, so it is unlikely that there were any major omissions.
The study cohorts spanned an 18-year period; hence, some of the factors affecting outcome
in the early 1990s may not be so relevant to current preterm populations. They also represent
diverse international populations, with differing methods of ascertainment and clinical
practices, which may explain the unclear pattern of the results for some factors. Also, studies
did not all consider the same sets of candidate factors. Multiple models based on the same
cohort population were a major issue, particularly studies on executive function, which often
performed a whole battery of tests. Using standard rules, we selected studies and models for
inclusion before data synthesis was conducted, although it was difficult to apply a strict set
of criteria for each case. Another difficulty in this review was the sheer variety of
assessments used, particularly among children 5 years and older.
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Conclusions

In conclusion, there was evidence that male sex, nonwhite race/ethnicity, lower level of
parental education, and lower birth weight were significant predictors of global cognitive
impairment in children 18 to 30 months old who were born VVPT or with VLBW. After age 5
years, the effect of infant sex and birth weight diminished, level of parental education was
still influential, and there was no evidence on the lasting effect of race/ethnicity. It is
unlikely that race/ethnicity itself is a causal factor for cognitive impairment because other
research has demonstrated a strong correlation between race/ethnicity, poverty, and social
disadvantage. There was evidence that male sex was predictive of language development in
early infancy, but no evidence that this result was sustained into childhood. There were
mixed findings on the prognostic value of brain injury during the neonatal period on
language and cognition, which may reflect the heterogeneous selection criteria and methods
of dealing with missing data related to severe disability across the studies. There was
evidence that within the VPT or VLBW population GA had little value as a prognostic factor
in multivariable models predicting the risk of cognitive or language development at any age
older than 18 months. The findings of this review lend support to the view that the effect of
perinatal risk factors diminishes over time as other environmental and social factors become
more influential.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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At a Glance

The objective of this systematic review was to identify risk factors that
are robust predictors of cognitive impairment in children born very
preterm (VPT) or with very low birth weight (VLBW).

There was evidence that male sex, nonwhite race/ethnicity, lower level
of parental education, and lower birth weight were predictive of global
cognitive impairment in VPT or VLBW children younger than 5 years.

In VPT or VLBW children 5 years and older, only the influence of
parental education was sustained, suggesting that the influence of
perinatal risk factors diminishes over time and that environmental and
social factors become more important.

Male sex was also predictive of language impairment in VPT or VLBW
infants younger than 5 years, but there was no evidence of an
association beyond this age.

There is a need for good-quality, well-conducted studies of prognosis in
the VPT or VLBW population, particularly in older children, among
whom the evidence base is weak.
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44500 Studies identified in MEDLINE, EMBASE, and
PsycINFO (January 1, 1990, to June 1, 2014)

> 12217 Duplicates
\

Y
‘ 32283 Screened on title and abstract (screen 1)

29999 Excluded

‘-—>

, 4
‘ 2284 Screened on full text (screen 2)

2193 Excluded
621 Born before 1990
100 Not original data
549 Not <32 wkor<1250¢g
—> 39 Highly select clinical group
263 Assessed before 18 mo
372 Objective not risk factor analysis
222 Single prognostic factor study
27 Univariate or bivariate analysis only

Y

91 Articles containing multivariable
risk factor analyses

13 Excluded (same outcome domain and age
at assessment in same cohort population)

Y
78 Articles (from 48 cohort populations)
data extracted

|
A4

31 Articles with cognitive outcomes?
28 Articles with motor outcomes
15 Articles with behavioral outcomes
3 Articles with visual outcomes
0 Articles with hearing outcomes
27 Articles with composite outcomes

Figure 1. Flow Diagram
@ Reviewed in this article.
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Risk of bias

[ JLow

[] Moderate

I High

Source

Risk-of-Bias Domain

Aarnoudse-Moens et al,47 2013

Adams-Chapman et al,22 2013

Andrews et al,3> 2008

Beaino et al,33 2011

Study Participation
Study Attrition

Charkaluk et al,#0 2010

Cooke,36 2005

Ford et al,#6 2011

Franz et al,28 2009

Prognostic Factor Measurement

Outcome Measurement

.... Study Confounding

Hansen et al,2% 2004

Helderman et al,24 2012

Howard et al,43 2011

Johnson et al,>0 2011

Kiechi-Kohlendorfer et al,48 2013

Leversenetal,31 2011

Lowe et al,*4 2009

Marston et al,#2 2007

Messinger et al,27 2010

Mikkola et al,30 2005

Orchinik et al,34 2011

Potharst et al,32 2012

Potharst et al, 4> 2013

Sansavini et al,41 2011

Stahlmann et al,38 2009

Stoelhorst et al,23 2003

Taylor et al,37 2006

Taylor et al,49 2011

Tommiska et al,20 2003

Toome et al,25 2013

Vohr et al,21 2005

Voss et al,39 2012

Wood et al,26 2005

Figure 2. Risk-of-Bias Assessment
Shown are 31 studies comprising 98 risk factor models for cognitive outcome.
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@ Age at assessment <5y (8 studies)
Prognostic Factor

Male sex

Nonwhite race or ethnicity?
Lower level of parental education
Lower birth weight

Brain abnormality or injury®
Ventilation®

Multiple pregnancy

Postnatal corticosteroid use
Necrotising enterocolitisd
Bronchopulmonary dysplasia®
Outborn

Lower maternal age

Prolonged rupture of membranesf
Small for gestational age

No antenatal corticosteroid use
Lower parental SES

Retinopathy of prematurity9
Preeclampsia

Lower gestational age

Age at assessment 25 y (12 studies)
Prognostic Factor

Brain abnormality or injury®
Lower level of parental education
Lower gestational age

Smaller head circumference
Lower parental SES

Small for gestational age
Preeclampsia

Retinopathy of prematurity9d
Patient ductus arteriosus

Male sex

Bronchopulmonary dysplasia®

No antenatal corticosteroid use
Lower birth weight

Ventilation®

Lower maternal age

Outborn

Multiple pregnancy

Postnatal corticosteroid use

Necrotizing enterocolitisd
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Not Significant in Final Model | Significant in Final Model

w

B
B
B
B
B
B
B
C
B
B

[T ]s

[ Low-to-moderate risk of bias study
with sample size >1000

[T Low-to-moderate risk of bias study
|:] Moderate-to-high risk of bias study

4 3 2 1 1

No. of Studies

Figure 3. Evidence Synthesis of Risk Factors for Global Cognitive Impairment in Children Born
Very Preterm or With Very LowBirthWeight

Prognostic factors are presented if significant (£ < .05) in the final model of at least 1 study
with low-to-moderate risk of bias and entered into the final model of at least 3 studies
(across all ages). A through T indicate study identifiers listed in Table 1 and Table 2 (*

denotes an extremely preterm cohort); SES, socioeconomic status.

@ Nonwhite (B and E), black (C), or Afro-Caribbean (G).
b Intraventricular hemorrhage or periventricular leukomalacia (B, C, D, F, H, I, L, M, O, S,
and T), periventricular leukomalacia or ventricular dilatation (R), intraventricular
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hemorrhage grades 2 to 4 (A), parenchymal lesion (Q), intraventricular hemorrhage grades 1
to 3, echodensities, ventricular dilatation, cystic periventricular leukomalacia, or
intraparenchymal hemorrhage (N).

¢ Any high-frequency (B), any mechanical ventilation (J), or mechanical ventilation days (C,
FI1,Q,S andT).

d perforated necrotizing enterocolitis (A), necrotizing enterocolitis stages 2 to 3 (C and F),
surgical or radiograph diagnosed (J), bowel perforation or necrotizing enterocolitis (T), or
not specified (H, L, and N).

€ Oxygen requirement at 36 weeks’ gestational age (B, D, F, G, J, L, M, N, O, and R) or not
specified (H and P).

f More than 24 hours before labor (G) or not specified (A and F).

9 Stage 3to 4 (I, K, and L), at least stage 3 with laser therapy (F), or stage 4 to 5 or treatment
with cryotherapy or laser therapy (O).

M Increase in head circumference from discharge to 5 years (1), occipitofrontal circumference
7-year centile (Q), or increase in head circumference less than 6 mm per week (T).

JAMA Pediatr. Author manuscript; available in PMC 2016 November 24.
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