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Although individuals born at extremely low birth weight (ELBW; < 1,000 g) are the most vulnerable
of al preterm survivors, their risk for mental health problems across the life span has not been
systematically reviewed. The primary objective of this systematic review and meta-analysis was to
ascertain whether the risk for mental health problems is greater for ELBW survivors than their
normal birth weight (NBW) peers in childhood, adolescence, and adulthood. Forty-one studies
assessing 2,712 ELBW children, adolescents, and adults and 11,127 NBW controls were reviewed.
Group differences in mental health outcomes were assessed using random effects meta-analyses. The
impacts of birthplace, birth era, and neurosensory impairment on mental health outcomes were
assessed in subgroup analyses. Children born at ELBW were reported by parents and teachers to be
at significantly greater risk than NBW controls for inattention and hyperactivity, internalizing, and
externalizing symptoms. ELBW children were also at greater risk for conduct and oppositional
disorders, autistic symptoms, and social difficulties. Risks for parent-reported inattention and
hyperactivity, internalizing, and social problems were greater in adolescents born at ELBW. In
contrast, ELBW teens self-reported lower inattention, hyperactivity, and oppositional behavior
levels than their NBW peers. Depression, anxiety, and social difficulties were elevated in ELBW
survivors in adulthood. Group differences were robust to region of birth, era of birth, and the
presence of neurosensory impairments. The complex needs faced by children born at ELBW
continue throughout development, with long-term consequences for psychological and social

well-being.
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Preterm births have increased by 30% over the last 2 decades
and now make up about 8% of infants born in the United States
and Canada (Blencowe et a., 2013; Joseph et a., 1998; Lau,
Ambalavanan, Chakraborty, Wingate, & Carlo, 2013). Because of
improvements in recent decades in neonatal intensive care, babies
who are born at extremely low birth weight (ELBW; born =1,000
g) or extremely preterm (EP; = 28 weeks gestational age) have a
greater chance of surviving than ever before (e.g., survival rates
rose from 25% in 1979 to 73% in 1997, Doyle, 2006; see also

This article was published Online First February 13, 2017.

Karen J. Mathewson, Department of Psychology, Neuroscience and
Behavior, McMaster University; Cheryl H. T. Chow, MiNDS Neurosci-
ence Graduate Program, McMaster University; Kathleen G. Dobson, De-
partment of Clinical Epidemiology and Biostatistics, McMaster University;
Eliza |. Pope and Louis A. Schmidt, Department of Psychology, Neuro-
science and Behavior, McMaster University; Ryan J. Van Lieshout, De-
partment of Psychiatry and Behavioral Neurosciences, McMaster Univer-
sity.

This research was supported by a Team Grant from the Canadian
Institutes of Health Research (CIHR, TMH-103145).

Correspondence concerning this article should be addressed to Karen J.
Mathewson, Department of Psychology, Neuroscience and Behavior, McMas-
ter University, Hamilton, ON L8S 4K 1. E-mail: mathewkj@mcmaster.ca

347

Fanaroff, Hack, & Walsh, 2003; Hack & Fanaroff, 1999). How-
ever, despite dramatically increased rates of survival, the risk for
neurosensory impairment (NSI) has remained largely the same
(Hack & Fanaroff, 1999) or has even increased (Hack & Fanaroff,
1999; Wilson-Costello, Friedman, Minich, Fanaroff, & Hack,
2005). As aresult, the general focus of research in prematurity has
shifted from survival to understanding morbidity and the subtler
postnatal impairments associated with preterm birth, with the aim
of improving the quality of life of those born extremely preterm
(Aarnoudse-Moens, Weisglas-Kuperus, van Goudoever, & Oost-
erlaan, 2009). As the oldest studied individuals born at ELBW
have reached their thirties, it is now possible to document their
mental health status from childhood through adulthood. Knowl-
edge of the long-term outcomes of preterm birth is necessary to
inform survivors and their families about prognosis, to evaluate the
effectiveness of intensive neonatal care (Farooqi, Haggl6f, Sedin,
Gothefors, & Serenius, 2007; Szatmari, Saigal, Rosenbaum, &
Campbell, 1993), and to plan intervention and prevention strate-
gies.

Accumulating evidence suggests the presence of gradient effects
for mental and physical health outcomes within preterm groups,
with those born earlier in gestation experiencing higher rates of
disorder and disability (Aarnoudse-Moens et al., 2009; Mulder,
Pitchford, Hagger, & Marlow, 2009). For example, cognitive prob-
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lems (Hutchinson et al., 2013; Litt, Taylor, Klein, & Hack, 2005),
attentional difficulties (e.g., Hanke et a., 2003; Horwood,
Mogridge, & Darlow, 1998; Taylor, Klein, Minich, & Hack,
2000), hyperactivity (e.g., McCormick, Workman-Daniels, &
Brooks-Gunn, 1996), internalizing (e.g., Greenley, Taylor, Drotar,
& Minich, 2007; Horwood et al., 1998), and total psychological
problems (e.g., Taylor et a., 2000) appear to increase with de-
creasing gestational age and/or birth weight. Born at the lowest
weights of any preterm group, ELBW infants represent the seg-
ment of the preterm population at the greatest risk.

Despite these risks and the impact that psychological problems
can have on ELBW survivors and their families, consensus con-
cerning the rates and types of specific mental health difficulties
faced by this group remains elusive. Other important questions
also remain unanswered, including when these psychological risks
first emerge, whether they vary in type and severity by develop-
mental stage, and what factors may reduce or amplify risk, includ-
ing the availability of high-quality health care after birth and
education, changes in neonatal intensive care, and the presence of
severe neurosensory impairments such as deafness, blindness, ce-
rebral palsy, and intellectual disability.

Several factors may account for why we do not yet have a
clearer picture of the emotional, behavioral, and socia difficulties
facing ELBW survivors across the life span. First, longitudinally
followed samples of ELBW survivorsremain small and studies are
plagued by high rates of attrition (Saigal et al., 2006). Second,
published findings of mental health outcomes in this population
display considerable heterogeneity in terms of sample size, age,
informants, when and where participants were born, and the tests
and treatments to which they were exposed. Most of the extant
literature has focused on childhood, with few reports available to
help guide those who have survived to adolescence and adulthood.
This is particularly unfortunate since more extremely preterm
infants are surviving to adulthood than ever before. Finally, most
studies have relied on subjective reports from geographically lim-
ited areas (e.g., single hospitals), with considerable variability in
the measures used to assess mental health.

The literature on this topic has now reached a critical mass, and
integration of existing findings is needed to understand the expo-
sures and mechanisms underlying poor mental health in ELBW
survivors, and to guide decision making for survivors, their fam-
ilies, and health care professionals. Thereis general consensus that
one of the best and most reliable forms of evidence for addressing
complex research questions is a systematic review, with meta-
analysis where possible. Not only are quantitative meta-analyses
capable of summarizing effects more precisely than descriptive
accounts, but they afford examination of much larger samples than
are typicaly possible in individua studies of persons born at
ELBW. They also alow comparisons across regions much larger
than those covered by single hospitals or geographic aress, thereby
permitting questions related to regional disparities, which in turn,
may address questions about the biological and socia bases of
mental health difficulties following preterm birth.

Mental health risks in childhood and adolescence for those born
preterm have been examined in two previous systematic reviews,
although outcomes were not examined separately for ELBW/EP
groups. Both reviews reported an increased risk for cognitive
problems in youth born preterm, as well as for attention-deficit/
hyperactivity disorder (ADHD) and behavioral difficulties

(Aarnoudse-Moens et a., 2009; Bhutta, Cleves, Casey, Cradock,
& Anand, 2002). However, the latter review is now 15 years old
and reported on cohorts of children born before 1990, before
significant advances in neonatal care were widely adopted (e.g.,
antenatal corticosteroid and postnatal surfactant therapies). Ac-
cordingly, it included relatively few children born weigh-
ing <1,000 g, and focused mainly on children born at very low
birth weight (VLBW,; < 1,500 g). In addition, quantitative analy-
ses were applied only to cognitive and attentional problems, in the
latter case involving only seven studies. The comprehensive re-
view by Aarnoudse-Moens and colleagues (2009) included studies
published up to 2008 and again focused mainly on cognitive
functioning in youth born at VLBW. Their quantitative estimates
aso relied heavily on studies of older cohorts born before 1990
(eight out of nine behavioral studies). Unfortunately, neither re-
view examined child and adolescent outcomes separately, or re-
ported specifically on youth at the highest risk—those born at
ELBW—and neither reviewed studies of adults.

In addition to these reports, Johnson and colleagues have more
recently provided narrative reviews of the cognitive and mental
health problems of school-age children (Johnson, 2007), adoles-
cents (Johnson & Wolke, 2013), and adults (Johnson & Marlow,
2014) born preterm. They concluded that former preterm school-
age children and adolescents were more likely than their class-
mates to have behavioral, attentional, and communication prob-
lems, and emotional disorders appeared to remain elevated in
emerging adulthood. However, no quantitative estimates of overall
risk or severity were provided, VLBW and ELBW cohorts were
not always distinguished, and the authors were not able to examine
how important sociodemographic, developmental, or secular
trends affected risk.

In the present review, we set out to examine factors related to
developmental change, region of birth, availability of key neonatal
intensive care interventions, the influence of neurosensory impair-
ments on mental health in this population, and informant effects.

Developmental Stages and Change

Relatively few data exist on the developmenta trajectory of
mental health problemswithin ELBW individuals over time. How-
ever, some evidence suggests that preterm survivors manifest a
distinct behaviora phenotype characterized by attention deficits,
anxiety, and socia problems (e.g., Johnson & Marlow, 2011). In
the extremely preterm popul ation, the type and course of emotional
and behavioral problems has yet to be elucidated. The develop-
ment of appropriate interventions and the optimal timing of their
application require accurate information about the onset and
course of these problems (Szatmari et a., 1993). Systematically
gathering, quantifying, and summarizing thisinformation are some
of the goals of this review.

Accessibility and Changes in Health Care

Intensive neonatal care is a developing entity that may differ by
region and has changed over time. In the developed world, some
countries provide universal health care for their citizens and others
require payment by insurance or other means. Free and timely
access to health care in the neonatal period and beyond may have
a major influence on the lifelong trajectory of mental health in
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highly vulnerable infants, as can the prevailing social circum-
stances in the environments in which these individuals develop
(Hack & Klein, 2006). Therefore, we wished to examine whether
participants' region of birth had any influence on mental health
outcomes.

Technological developments have also significantly altered neo-
natal intensive care practices over the last half century. Between
the 1960s and the 1980s, intensive care of preterm newborns was
limited to intravenous fluid administration, assisted ventilation (by
endotracheal intubation), and oxygen monitoring (Hack &
Costello, 2008). The 1990s saw widespread adoption of surfactant
to treat or prevent severe respiratory distress syndrome in preterm
neonates, and prenatal administration of synthetic glucocorticoids,
to maximally develop lung function in fetuses at risk (e.g., Ferrara
et a., 1991; Gopel et al., 2015; Hoekstra, Ferrara, Couser, Payne,
& Connett, 2004; Pelkonen, Hakulinen, Turpeinen, & Halman,
1998; Verder et al., 1994). Concomitantly, survival of preterm
infants increased during the 1990s in the United States (Fanaroff et
al., 1995; Hoekstra et a., 2004), Britain (Riley, Roth, Sellwood, &
Whyatt, 2008), and Australia, (Doyle, 2006; Doyle, & the Victorian
Infant Collaborative Study Group, 2004). This improved infant
survival was largely attributed to the adoption of surfactant (Fan-
aroff et al., 1995; Horbar, Wright, & Onstad, & The Members of
the National Institute of Child Health and Human Development
Neonatal Research Network, 1993; Jobe, Mitchell, & Gunkel,
1993; Schwartz, Luby, Scanlon, & Kellogg, 1994), and steroid
therapies (Victorian Infant Collective Study Group, 1997), as well
as birth in large hospital centers (Hoekstra et al., 2004), and an
increased willingness to treat the tiniest infants (Victorian Infant
Collective Study Group, 1997).

Experimental trials of surfactant were undertaken in the later
1980s, with 35 randomized controlled trials reported between 1985
and 1992 (Jobe et al., 1993). In 1990, a meta-analysis of random-
ized controlled trials of antenatal corticosteroids was published
(Crowley, Chalmers, & Keirse, 1990), demonstrating improved
survival and reduced morbidity in infants born preterm. This was
followed in 1994 by a National Institutes of Health recommenda-
tion that all women at risk of preterm delivery between 24 and 34
weeks be given antenatal steroids, only to be superseded six years
later by a recommendation to restrict repeated administration of
corticosteroids to women enrolled in randomized control trials,
until it was determined that this now-common practice was both
safe and effective (Bonanno & Wapner, 2012).

Although developments in neonatal intensive care continued in
the 2000s, (e.g., positive airway pressure, widespread use of caf-
feine, decreased use of endotracheal intubation, protein enhance-
ment of parenteral feeding, and treatments via the mother, such as
antibiotic therapy and cesarean sections; Hack & Costello, 2008),
there was no further dramatic increase in survival rates like those
of the previous decades (Doyle, Roberts, & Anderson, & the
Victorian Infant Collaborative Study Group, 2011; Field, Dorling,
Manktelow, & Draper, 2008). As a result, we wished to compare
mental health outcomes in cohorts born before and after surfactant
and steroid therapies became widely available. To examine the
question of whether these therapies may have resulted in improved
mental health outcomes, we proposed to examine mental health in
those born before and after their introduction, making a division at
the year 1990.

Neurosensory Impairment (NSI)

A small but significant proportion of individuals born at ELBW
have significant NSI. Although NSI may not strictly constitute an
exclusion criterion for investigations of psychiatric functioning
(Szatmari et a., 1993), higher rates of neurological disability (e.g.,
visual and hearing impairment, cerebral palsy, intellectual disabil-
ity) may profoundly affect the risk for psychopathology in ELBW
survivors, particularly depression and anxiety (Johnson & Wolke,
2013). On the other hand, when the goal of a study is to identify
the consequences of low birth weight separately from any effects
of major neurological damage (Breslau, 1995), then children born
extremely preterm who have significant NSI may be excluded. We
deemed it valuable to compare the outcomes from these two
strategies, by contrasting rates and types of mental health problems
in studies from which NS participants were excluded versus those
where they were included.

Informant Effects

Reports from different informants can provide converging evi-
dence, but informants do not always agree, and this variance
requires interpretation. First, discrepancies may be informative
with respect to the different roles of informants (De Los Reyes,
2011). Asthe primary adults in their children’s lives, parents may
be particularly sensitive to their children’s emotional problems or
behavior, and they are likely to have had many more opportunities
to observe them than have other significant adults such as teachers
(Pharoah, Stevenson, Cooke, & Stevenson, 1994). Alternatively,
discrepancies may accurately represent behavioral adaptations that
are appropriate for different contexts, such as the home environ-
ment versus the classroom. While attentional and behavioral de-
mands may be relaxed in the informal milieu of the home, atten-
tional and behavioral control is required in situations of formal
learning. Second, discrepant information may represent legitimate
differences in informants perspectives. Where a parent or teacher
might see particular behaviors as problematic, the child or adoles-
cent in the situation may not, or vice versa. Third, subjective views
about mental health and social functioning are important primary
sources of information for older children, adolescents, and adults,
given that agentic potential over one's own well-being increases
with age. To obtain a comprehensive picture of mental health
outcomes in ELBW, it is therefore important to compare informa-
tion from multiple informants, including parents and teachers, and
where possible, children.

Developmental Origins of Health and Disease
(DOHaD) Hypothesis and Developmental
Psychopathology

There is much clinical and scientific interest in the etiology of
mental health problems that appear to develop disproportionately
in children born at ELBW. Following the evolutionary principle of
biological fitness, the DOHaD hypothesis posits that fetal adapta-
tion to environmental influences encountered during gestation may
increase susceptibility to chronic health problems later in life.
These |ater-arriving consequences may be viewed as the down side
of a necessary trade-off, that is, as distal sequelae of the adapta-
tions that ensured fetal survival during an earlier, more difficult
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stage of development (Ellison, 2005; Gluckman, Hanson, & Bukli-
jas, 2010; Nederhof & Schmidt, 2012). However, contrary to the
view that prenatal conditions lead inexorably to chronic health
problems in later life, the DOHaD framework suggests only that
the risk for these outcomes may be increased, as a direct result of
the early processes involved in adaptation. While being born at
ELBW may increase the risk for chronic health problems, conver-
gence of multiple risk factors over time may be necessary to
precipitate actual manifestations of disease or disorder.

The degree of causality between developmental processes dur-
ing gestation and chronic conditionsin later lifeis of great interest
to researchers of mental as well as physical heath disorders.
Because causality with respect to development cannot ethically be
tested by experiment, researchers are left to extrapolate from
observational data provided by intriguing “experiments of na-
ture’—one of which is preterm birth—to aid in answering the
question of causation. The DOHaD hypothesis might be best tested
by prematurity in its most extreme form, in individuals born at the
lower limits of viability, either extremely preterm or small for
gestational age (SGA). If early, adverse, environmental conditions
are likely to affect later psychological functioning, then infants
born extremely preterm are more likely than their NBW peers to
experience mental health difficulties during the course of devel-
opment.

Objectives

To our knowledge, no meta-analytic review has attempted to
examine mental health problems in children, adolescents, and
adults born at ELBW/EP. The present review had six objec-
tives: (1) to identify the mental health problems presenting the
greatest risks for individuals born at ELBW/EP by qualitatively
and quantitatively summarizing the existing literature on these
individuals and age-matched controls; (2) to describe these
risks by developmental stage (e.g., childhood, adolescence,
adulthood); (3) to explore nonrandom variability across studies
by determining whether mental health outcomes in this popu-
lation varied by region of birth, birth era, or NSI; (4) to examine
informant effects on these findings; (5) to use these findings to
guide recommendations for future research in the field; and (6)
to test the DOHaD hypothesis with respect to mental health
outcomes in this unique population.

Method

This systematic review was registered with the PROSPERO Inter-
national prospective register of systemétic reviews CRD42014015491
(Dobson, Van Lieshout, Schmidt, Mathewson, Chow). The Preferred
Reporting items for Sysematic Reviews and MetarAnalyses statement
served as a guiddine for its preparation (Moher, Liberat, Tetzlaff, &
Altman, & the PRISVIA Group, 2009).

Study Selection Criteria

Observational designs such as case-control studies, and prospec-
tive longitudinal and cross-sectiona studies (excluding reviews)
were eligible for this systematic review. The primary exposure of
interest was ELBW, defined as a group-wise mean birth weight
of =1,000 g (2.2 Ibs). Eligible studies contained participants with

amean age =5 years at the time of outcome assessment. Second-
ary exposures included extremely preterm birth (EP; i.e., with a
group-wise mean gestational age =27"7 weeks). Three studies
(Hille et al., 2001; Natalucci et al., 2013; Sterngvist & Svenning-
sen, 1999) included cohorts whose mean gestational ages
were =28"7 weeks, but these were retained because they identi-
fied an extremely premature group on the basis of birth weight
(<1,000 g; Hilleet a., 2001; Natalucci et a., 2013), or because the
mean gestational age (27.1 week) would have met criteria but for
awide standard deviation (1.03; Sterngvist & Svenningsen, 1999).
Other €ligibility criteria stipulated that individuals born at
ELBW/EP be compared with a control group of participants born
at or near normal birth weight (mean weight =2,500 g), or at, or
near full term, but in any case, =37 weeks gestationa age.
Finally, the control group could not constitute an entire population,
as this would have biased our meta-analytic models.

Outcomes of primary interest were levels of symptoms of psy-
chological problems (means, standard deviations), or the risk of
developing a clinicaly significant psychological disorder in
ELBW survivors (e.g., odds ratios, risk ratios). Where sufficient
studies were available, we also examined group differences in
specific behavioral and socia problems, including conduct disor-
der, oppositiona defiant disorder, and autism spectrum disorder.
With respect to the possibility of Type | error, the level for
significance was set at p < .05.

Information Sources and Search Strategy

A systematic search was performed of electronic databases
(MEDLINE, EMBASE, PsycINFO, Web of Science, ERIC, and
CINAHL), from their inceptions until May 2016. The list was
complemented by hand-searches of the references from relevant
reviews and the 41 selected studies. The electronic search strategy
included medical subject heading terms (MeSH) in MEDLINE,
where keywords and text words were combined.

The electronic search was based on five concepts: (1) term(s)
related to ELBW: “extremely low birth weight”; (2) terms related
to SGA: “small for gestational age’; (3) terms related to preterm
birth: “premature birth,” “very premature birth,” “extremely pre-
mature birth,” “preterm birth,” “very preterm birth,” “extremely
preterm birth”; and (4) terms related to mental health: “mental
disorders,” “personality development,” “human development”;
and (5) those related to observational study designs: “cohort anal-
ysis,” “longitudinal study,” “epidemiology,” “prospective studies,”
“retrospective studies,” “case-control,” “cross-sectional studies.”
Details of the search strategies used for each source are available
in the online supplemental material.

The search strategy was developed by the reviewers in consul-
tation with auniversity research librarian. A similar search strategy
was used for each database with appropriate modification of the
search terms. There were no search language restrictions. Case
studies, abstracts, conference presentations, editorials, unpublished
studies (e.g., theses and dissertations), and grey literature (e.g.,
government reports) were included in the search.

In addition, we conducted searches of several databases to help
with identifying grey literature using (i.e., ERIC, Open Grey, The
Hedlth Care Management Information Consortium (HMIC) database,
The Nationa Technica Information Service, and PsycEXTRA). The
progress of abstracts and papers or publications presented at con-
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ferences was tracked, but no eligible unpublished studies were
identified.

Hand searches of key journals within the field were also
carried out, based on the reference lists from the published
articles that were deemed eligible for inclusion in the study.
These journals included Journal of Pediatrics, JAMA, JAMA
Pediatrics, JAMA Psychiatry, Acta Psychiatrica Scandinavica,
Early Human Development, Child Development, Development
and Psychopathology, Developmental Neuropsychology, Euro-
pean Journal of Child and Adolescent Psychiatry, European
Journal of Pediatrics, Scandinavian Journal of Psychology,
Acta Paediatrica, Journal of Developmental and Behavioral
Pediatrics, Journal of the American Academy of Child and
Adolescent Psychology, Archives of Clinical Neuropsychology,
Neuropediatrics, Journal of Pediatric Psychology, Archives of
Disease in Childhood, Psychological Medicine, and the Journal
of the International Neuropsychological Society.

Study Selection

The screening process was completed independently by three
reviewers (CHTC, KGD, KJM) on the basis of the study inclusion
criteria outlined above (see Figure 1). Initidly, titles and abstracts
of each study were screened, at which point duplicate and nonrel-
evant studies were removed. The full text of potentially relevant

Records identified through
database searching

studies was further examined to determine whether inclusion cri-
teria were met. In the case of disagreements, a fourth reviewer
(RVL) was brought in to aid in resolution. All reviewers met and
agreed on the final inclusion of studies (n = 41). All of the
included studies were published between January 1990 and May,
2016.

Data Extraction

A data extraction form was specifically developed for this
review. The form was pilot-tested using two randomly selected
studies that met inclusion criteria, and refined if additional
studies presented new information not covered by the pilot-
tested version. The information extracted from each study in-
cluded: (a) study methods, (b) sample demographics (e.g., year
of bhirth, location, NSI, socioeconomic status), (c) outcome
assessment details (i.e., types of mental disorders, scales used),
(d) outcome data (e.g., means and standard deviations or odds
ratios) and v) risk of bias assessments. Two reviewers (EIP,
KGD) extracted data and information that were independently
verified by one other reviewer (KJM).

Risk of Biasin Individual Studies

Therisk of biasin the included studies was assessed using the
Newcastle-Ottawa Scale (NOS) for cohort studies (Wellset al.,

(n=2083)
[CINAHL n=14; MEDLINE n=1266; Additional records identified
g EMBASE n=752; WEB OF SCIENCE through other sources (n = 791)
'{'; n=13; PSYCINFO n=38] [Grey literature n = 38; key journals
5}:; n=737; Hand-searched n =16 )
<
()
=
N l A
PR Total records identified (n = 2874) > Records removed after
duplicates (n = 48)
)
=
c
()
Q
i3
» Records screened Records excluded
(n=2826) (n=2740)
[Case studies, abstracts,
editorials,
correspondence]
Z
3 )
b Full-text articles assessed
w for eligibility Full-text articles excluded,
(n=86) with reasons
(n=45)
) [Birth weight > 1000
Total number of studies grams or gestational age >
B included in this systematic 29 weeks; outcomes not
3 review (n = 41) mental health; no
2 outcomes reported at >5
- years of age; no
comparison group]

Figurel. Flowchart of screening processfor article selection. See the online article for the color version of this

figure.
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2000). Two independent reviewers (EIP, KIM) scored each of
the 41 studies, and any discrepancies between reviewers were
resolved by consensus reached after discussion, with the pos-
sibility of consulting a third reviewer if necessary. The median
score given by each reviewer was 8, and agreement between the
reviewers was calculated as 75.6%. Overall, the distribution of
NOS scores ranged from 5 to 9 out of a possible maximum
score of 9, with one study scoring 5, one scoring 6, six studies
scoring 7, 28 studies scoring 8, and five studies scoring 9. The
most common sources of bias in the studies related to the use of
subjective reports to assess outcomes, followed distantly by
drawing the control cohort from a different source, or inade-
quate follow-up of cohorts.

Data Synthesis

Meta-analyses. In some cases, multiple studies were pub-
lished on the same cohort during the same developmental stage. To
avoid inappropriate double-counting of participants which may
have influenced study weighting, only one study per age category
was entered in any meta-analysis. When a choice was required,
those studies with the best profile, for example, the largest sample
sizes and broadest concept coverage, were selected for inclusionin
meta-analyses. Other criteria included the presentation of mental
health outcomes using means (and standard deviations) or odds
ratios for each group (ELBW, NBW), along with the sample sizes
for each group, to enable the calculation of standardized mean
differences.

Because the eligible studies varied in many respects, differences
in mental health outcomes between ELBW and NBW were as-
sessed using random effects meta-analyses, an approach that as-
sumes the studies included in the analyses are random samples
from alarger population of studies, and likely to exhibit different
effect sizes (Borenstein, Hedges, Higgins, & Rothstein, 2009). We
calculated mean effect sizes and their confidence intervals, along
with prediction intervals derived from the samples to represent the
dispersion of effects among the included studies (i.e., the range in
which the effect size for any new study is likely to be found;
Borenstein et al., 2009; Neyeloff, Fuchs, & Moreira, 2012).

As the included studies assessed psychiatric problems with a
variety of different measurement scales, we elected to use the
standardized mean difference (SMD) from every study as the
effect estimate in our meta-analyses (see Table 1). These effect
sizes represent pooled estimates of the differences between ELBW
and NBW participants. For studies presenting dichotomous out-
comes (e.g., frequencies, odds ratios), SMDs were calculated using
the following formula, SMD = +/3/m" In(OR). The standard error
was then calculated by multiplying the SMD by \/3/m. Statistical
formulae for converting dichotomous data into SMDs were sug-
gested by Deeks, Higgins, and Altman (2011). These estimates
were then converted to d for each symptom type, and adjusted to
remove any bias accruing from the use of small samples, produc-
ing estimates of Hedges' g (Borenstein et al., 2009). Standardized
mean differences were entered into Review Manager (RevMan
5.3) software as g values and their standard errors, for ELBW and
NBW groups separately, to compare group differences across
studies. Each of the meta-analyses, subgroup, and sensitivity anal-
yses analyzed estimates of g from the mental health outcomes data
digible for anaysis.

We examined symptoms of the following emotional and behav-
ioral problems in separate analyses. attention problems (eg.,
symptoms of the hyperactive/impulsive, inattentive, and combined
subtypes of ADHD), internalizing, externalizing, conduct disorder,
oppositional disorder, social problems and autism spectrum disor-
der. The three ADHD subtypes are distinct entities, with the
combined subtype incorporating symptoms of both hyperactivity/
impulsivity and inattention (Barkley, 1997). Internalizing prob-
lems were defined by the internalizing scales of the appropriate
instruments (e.g., Child Behavior Checklist [CBCL]; the Strengths
and Difficulties Questionnaire [SDQ]), and typically represent a
composite of anxiety, withdrawal, and depressive symptoms
(Achenbach, 1991; Goodman, 2001). Externalizing is character-
ized by measures of disruptive and aggressive behavior (e.g.,
Achenbach, 1991; Goodman, 2001). Hyperactivity that is func-
tionally aligned with attention deficits is thought to be distinct
from delinquency and aggression, and so was examined separately
from externalizing problems. Given their identity as distinct and
meaningful Diagnostic and Statistical Manual (DSM)-based clin-
ical syndromes (Achenbach, Bernstein, & Dumenci, 2005), and
because they were reported separately from externalizing problems
in many of the studies in this review, conduct problems and
oppositional defiant disorder difficulties were also examined in
separate meta-analyses.

The reasons for performing separate analyses by problem-type
were several-fold. First, there may have been heterotypic continu-
ity in this population with respect to some disorders, and homo-
typic continuity for others. Second, each of the specific disorders
is separated diagnostically in authoritative references such as the
DSM and International Classification of Diseases because they are
thought to represent different entities, both theoretically and clin-
ically. Therefore, they were examined separately because we were
concerned that combining them could obscure important effects
and differences. Third, and perhaps most importantly, we wished
this review to not only inform theory, but also include information
on specific diagnoses that can guide clinical detection and treat-
ment decision-making for clinicians, survivors, and families, and
provide anticipatory guidance for these groups. Understanding the
specific problems faced by individuals born preterm and their
families can also serve as the basis for resource allocation by
hedlth care systems.

For each category of emotional functioning, data were analyzed
from as many studies as possible (ranging from 2 to 13), with each
unique cohort represented only once in any given analysis. As-
sessment measures were deemed eligible for meta-analysis by the
comparability of their items and concepts. Comparability was
based on careful examination of the individual itemsin each scale
from each study, to determine whether measures from different
studies were functionally equivalent. Analyses were stratified and
examined by age group (child, adolescent, adult), to account for
changes related to development. In addition, because some cohorts
were represented by studies from more than one developmental
period, some studies would have been eliminated from any of the
analyses if we had we combined studies from al age groups. For
the eligible studies, the period of childhood spanned an age range
of age 5 to 13 years, adolescents included youth aged 14 to 18, and
adulthood was defined as 19 years or older. Adult outcomes were
not meta-analyzed because five of the six available adult studies
represented the same cohort, and the data provided for the remain-
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ing cohort did not permit calculation of standardized mean differ-
ences. Analyses were also stratified by informant (parent, teacher,
or self-report), to examine possible informant discrepancies that
have been reported in some instances (e.g., Szatmari et a., 1993).
Where an analysis included 10 or more studies, funnel plots were
created to assess the risk of small-study effects among the studies
in that analysis (Sterne, Egger, & Moher, 2011). As the degree of
funnel plot asymmetry (representing the extent to which the find-
ings are biased) is difficult to assess visually, the funnel plots were
evaluated using Egger’s test for bias (Egger, Davey Smith, Sch-
neider, & Minder, 1997).

Subgroup analyses. In addition to meta-analysis, tests of non-
random variability across studies are critical to the interpretation of
the results, because they may indicate the reliability of an effect. A
major purpose of the review was to examine how important
sociodemographic, secular treatment, and physical health-related
factors affected risk for adverse mental health outcomes. Accord-
ingly, outcomes were analyzed by geographical region (i.e.,, Aus-
tralia, Europe, North America), by birth era (e.g., birth prior to
1990 vs. in 1990 or later), and by the inclusion vs. exclusion of
ELBW individuals with significant NSI in each study. We aso
compared reports of mental health outcomes completed by differ-
ent participating informants, to ascertain whether any discrepan-
cies were meaningful and important. Finally, we performed a
series of sensitivity analyses to assess whether studies at risk of
greater or lesser bias generated different findings.

Results

Study Sample Characteristics

The 41 studies of mental health outcomes suitable for inclusion
represented a total of 13,839 participants, 2,712 of whom were
born at ELBW, and 11,127 who were born at NBW. (Each par-
ticipant who contributed data was counted once across al studies).
Sample sizes for the ELBW groups ranged from 21 to 408 indi-
viduals (Mdn = 83), and for NBW controls, from 30 to 4,000
individuals (Mdn = 108). Mean birth weight for ELBW partici-
pants was 840 (92) g, and for NBW controls, 3,343 (387) g. Mean
gestational age was 26.6 (1.0) weeks for participants born at
ELBW, versus 39.7 (0.7) weeks for NBW controls.

Controls were matched with cases on at least one demographic
variable, usually age at the time of a childhood assessment. Con-
trols were also matched on sex, race, geographic region of birth or
birth hospital, and/or familial socioeconomic status, in many stud-
ies. Mean ELBW age by category was 8.4 (3.9) years across al
child studies, 16.7 (3.7) years for adolescent studies, and 24.7 (8.9)
years across all adult studies. ELBW sex distributions by category
were 47 (0.9)% males across dl child studies, 37 (0.9)% males for
studies of adolescents, and 40 (0.4)% males across all adult stud-
ies. Demographic characteristics and information on study mea-
sures are presented in Table 1.

Forty-one studies reported on 24 unique samples born in Aus-
tralia(n = 3), New Zealand (n = 1), North America (Canada, n =
3; United States, n = 5), and Europe (n = 12), (including Germany
[n = 3], Switzerland [n = 1], the Netherlands [n = 1], the United
Kingdom [n = 2] and the Nordic countries [n = 5]). Nineteen
studies assessed cohorts born before 1990, and 22 assessed cohorts
born after 1990. Sixteen of the 41 studies provided analyses that

included individuals with significant NSI, 15 studies provided
analyses from which individuals with significant NSI were ex-
cluded, and 10 studies reported both. Meta-analytic results are
presented separately below by age group (children, adolescents,
adults), informant (parent, teacher, self), and condition (e.g., at-
tention, internalizing, externalizing, conduct problems, opposi-
tional problems, social problems, and autistic symptoms). Twenty-
five studies of children (aged 5 to 12 years), 10 studies of
adolescents (aged 14 to 18 years), and six studies of adults (=19
years) were included in this systematic review.

Meta-Analytic Results

Childhood. Results from random effects meta-analyses for
children (including summary effect sizes and their 95% Cls, the
variance among the study effect sizes (T?), the ratio of observed
variance to within-study error (Q), the proportion of the ob-
served variance that is due to between-study differences in
effect sizes (12), and the dispersion of the effect sizes (95%
prediction intervals) are presented in Table 2. Effect sizes were
interpreted as small (<0.30), moderate (0.30 to 0.60), or large
(>0.60; Borenstein et al., 2009).

Childhood attention problems. Parents reported significantly
higher scores for all three types of ADHD in ELBW children relative
to NBW controls. Summary effect sizes across ADHD types were
moderate-to-large, being greatest for combined ADHD (g = 0.68,
95% Cl = 0.56 to 0.80), followed by inattentive ADHD (g = 0.58,
95% Cl = 0.39 to 0.77), and hyperactive ADHD (g = 0.46, 95%
Cl = 0.37 to 0.55). These findings suggested that symptoms of
ADHD are elevated in ELBW children relative to their NBW
peers. The analyses indicated significant nonrandom variability
among the effect sizes for combined ADHD (T? = 0.02, Q =
22.15, p = .04, 1% = 46%) and inattentive ADHD (T? = 0.03,Q =
12.07, p = .03, 1> = 59%), where about half of the variation in
effect sizes was attributable to substantive or methodological dif-
ferences among studies. For hyperactive ADHD, findings across
studies were more consistent (T? = 0.00, Q = 7.22, p > .50, 17 =
0%). (See Figure 2A, and Figures 13A and 14A in the online
supplemental materials). Standardized mean differences and stan-
dard errors from the 13 children’s studies of combined ADHD
were analyzed for publication bias by funnel plot. The results
formed a symmetrical, inverted funnel-shaped pattern about a
mean effect size of approximately 0.70. Although one outlier study
showed more extreme scores, it was nonetheless represented
within the funnel outlined by the other studies (see Figure 3A).
Egger’stest (Egger et al., 1997) reveaed no significant asymmetry
in the funnel plot, indicating a relatively low risk of bias (small-
study effects) among these studies (intercept = 0.25, 95%
Cl = —1.65t0 2.16, p > .75).

Summary effects for teacher reports of ELBW children were
small-to-moderate with respect to combined ADHD (g = 0.54,
95% Cl = 0.29t0 0.79), hyperactive ADHD (g = 0.35, 95% CI =
0.19 to 0.50) and inattentive ADHD, (g = 0.54, 95% CI = 0.27 to
0.82). The analyses for combined ADHD (T? = 0.07, Q = 18.78,
p = .01, I = 68%) and inattentive ADHD (T2 = 0.04, Q = 6.20,
p = .10, I = 52%) suggested substantial variability across studies,
whereas effect sizes were more consistent for the hyperactive type
of ADHD (T? = 0.00, Q = 0.89, p > .30, 1Z = 0%). (See Figure
2B, and Figures 13B and 14B in the online supplemental materi-
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Table 2
Results of Meta-Analyses for Children Born at Extremely Low Birth Weight (ELBW) Versus Normal Birth Weight (NBW) by
Informant and Psychological Syndrome

Parent report Teacher report
Psychological Effect Number Prediction  Effect Number Prediction
syndrome size(g) 95% Cl of studies 7 Q 12 interva size(g) 95% Cl of studies * Q 12 interval

Combined ADHD .68% .56 10 .80 13 .02 22.15* 46% .34t01.01 .54* .29t0.79 7 .07 18.78% 68% .3910.69

Hyperactive ADHD  .46% .371t0.55 9 .00 722 0% —.03t0.95 .35% .19t0 .50 5 .00 89 0% —.44t01.13
Inattentive ADHD .58* .39t0.77 6 .03 12.07* 59% .07t01.08 .54* 2710 .82 4 .04 620 52% —.23t01.32
Internalizing 422 .26t0 .58 11 .05 36.62* 73% —.09t0.93 322 .12t0 .52 6 .03 12.50* 60% 17t0 .47
Externalizing 152 .02t0.28 5 .00 205 0% —.57t0.86 142 .00t0 .29 3 .00 .03 0% —-103tol1l.31
Conduct disorder 23 .09t0.37 9 .02 18.95* 58% —.15t0.61 .19 —.01t0.38 5 .01 531 25% —.23t0.60
ODD 14 —.01t0.28 4 00 54 0% —.73t01.01 .79% 40t01.17 2 .02 111 10% —223t03.81
Social Problems 462 .31t0 .61 5 02 901" 56% .06t0.87 — — — _ - - —

Adtistic symptoms ~ .56% .29t0.83 3 .04 583 66% .31t0.80 — — — —_ - = —

Note. Dashes indicate that there were insufficient data for meta-analysis. g = standard mean difference; T2 = between-studies variance; Q = ratio of
variation to within-study error; 1> = the proportion of total observed variation attributed to between-study effects; Prediction interval = the dispersion of
true effect sizes; ADHD = attention-deficit/hyperactivity disorder; ODD = oppositional defiant disorder.
:p = .05, significant differences between the ELBW and NBW groups or significant Q values.

p = .06.

as) The patterns of results for parent-rated and teacher-rated Childhood internalizing and externalizing problems.  Parents
symptoms across ADHD types were generally comparable, in that also reported significantly higher internalizing and externalizing
both informants located greater attention problems in ELBW scores in ELBW children than in NBW controls, with a moderate

groups. summary effect for internalizing (g = 0.42 95% ClI = 0.26 to
A : .
ELBW NBW Std. Mean Difference Std. Mean Difference
Study or Subgroup  Std. Mean Difference SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
Conrad 2010 1.07241 0.2377516 3 55 51% 1.07 [0.61,1.54]
Elgen 2012 0.673923 0.0707604 255 1089 15.7% 0.67 [0.54, 0.81] i
Farooqi 2007 051358 0.1557961 83 86 8.8% 0.51(0.21,0.82) —
Hack 2009 0572205 0.1031027 219 176 12.8% 0.57 [0.37,0.77] —
Hanke 2003 0.80498 0.2550755 il 68 4.5% 0.80[0.31,1.30]
Hutchinson 2013 0.018761 0.2123564 189 173 6.0% 0.02 [-0.40,0.43] -1
Samara 2008 0.886089 01109732 223 147 121% 0.89(0.67,1.10) =
Scott 2012 062816 0.2692113 148 1M1 4.2% 0.63[0.10,1.16)
Shum 2008 0.488177 0.2079858 45 49 6.1% 0.49[0.08, 0.90] T
Stahimann 2009 0.739864 0.1299761 75 4000 10.6% 0.74[0.49,0.99) ——
Stjerngvist 1998 0.831034 0.1957652 52 61 6.7% 0.83[0.45,1.21) _—
Szatmari 1993 1.495441 0.5882067 113 136 11% 1.50(0.34, 2.65)
Taylor 2000 0.763696 0.198297 60 49 6.5% 0.76[0.38,1.15] T
Total (95% CI) 1514 6200 100.0% 0.68 [0.56, 0.80] k3
Heterogeneity: Tau®= 0.02; Chi*= 22.15, df= 12 (P = 0.04); F= 46% 52 _‘;l 5 1= é
Testfor overall effect Z= 10.93 (P < 0.00001)
NBW ELBW
B
ELBW NBW Std. Mean Difference Std. Mean Difference
Study or Subgroup  Std. Mean Difference SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
Conrad 2010 062396179 0.22784119 3 55 13.0% 0.62(0.18,1.07]
Farooqi 2007 0.33817211 0.15430285 83 86 16.7% 0.34 [0.04, D.64] ——
Samara 2008 0.97623179 0.11007807 213 162 19.0% 0.98(0.76,1.19] ==
Scott 2012 063776484 0.25909197 10 107 11.6% 064[0.13,1.15) Tr——
Shum 2008 0.22901253 0.20550627 45 49 141% 0.23(-0.17,063) =fre—
Szatmari 1993 0.37481427 0.26519149 113 136 11.3% 0.37 [-0.14, 0.89) =
Taylor 2000 0.47890819 0.19930521 56 47 144% 0.48[0.09,0.87] —_—
Total (95% CI) 651 642 100.0% 0.54 [0.29, 0.79] >
Heterogeneity: Tau®= 0.07, Chi*= 18.78, df= 6 (P = 0.005); F= 68% 12 11 5 ,i é
Test for overall effect: Z= 4.24 (P < 0,0001)
NBW ELBW

Figure2. Forest plots of (A) parent- and (B) teacher-reported attention-deficit/hyperactivity disorder (ADHD;
combined type) in children. ELBW = extremely low birth weight; NBW = normal birth weight. See the online
article for the color version of this figure.
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Figure 3. Funnel plots for parent ratings of (A) attention-deficit/hyperactivity disorder (ADHD; combined
type) and (B) interndizing in children. See the online article for the color version of this figure.

0.58), and a small effect for externalizing (g = 0.15, 95% CI =
0.02 t0 0.28). (See Figure 4A, and Figure 15A in the supplemental
materials.) The analysis of parent-reported internalizing symptoms
indicated significant nonrandom variability across the 11 studies
(T? = 0.05 Q = 36.62, p < .0001, 12 = 73%), suggesting
meaningful methodological or other differences among them. The
standardized mean differences and standard errors for internalizing
data from these studies were analyzed by funnel plot, where they
formed a symmetrical pattern about a mean effect size of approx-
imately 0.4 (see Figure 3B). Egger’s test revealed no significant
statistical asymmetry in this meta-analysis, consistent with a rel-
atively low risk of bias (small-study effects) among these studies
(intercept = —2.09, 95% Cl = —5.18 to 0.99, p > .15). Effect
sizes for parent reports of externalizing problems in ELBW chil-
dren were consistent (T? = 0.00, Q = 2.05, p > .70, |1 = 0%).

Effect sizes for teachers were similar, with greater internalizing
(g = 0.32, 95% CI = 0.12 to 0.52) and externalizing (g = 0.14,
95% CI = 0.00 to 0.29) difficultiesin ELBW than NBW children.
(See Figure 4B, and Figure 15B in the online supplemental mate-
rials.) The analysis suggested some variation in the effect sizes for
internalizing (T% = 0.03, Q = 12.50, p = .03, I1Z = 60%). Although
effect sizes from individual studies of teacher-reported externaliz-
ing were consistent, (T = 0.00, Q = 0.03, p > .95, 1% = 0%), only
three studies contributed to the analysis, suggesting that teacher-
rated externalizing in ELBW children reported should be inter-
preted with caution.

Childhood conduct and oppositional behaviors. Parents re-
ported small but significant effects of birth weight status for
conduct disorder (g = 0.23, 95% CI = 0.09 to 0.37), whereby
children born at ELBW showed more symptoms of conduct dis-
order relative to NBW controls (see Figure 5A). The anaysis
indicated significant variation in the effect sizes (T? = 0.02, Q =
18.95, p = .02, 12 = 58%). In contrast, groups did not differ in
parent ratings of oppositional defiant disorder (g = 0.14, 95%

Cl = —0.01 to 0.28). (See Figure 16A in the online supplemental
materials.) The effect sizes for oppositional defiant disorder were
consistent across four studies (T? = 0.00, Q = 0.54, p > .90, I1? =
0%). However, we note that the confidence interval for this sum-
mary effect included zero, suggesting inconsistency in the group
findings across studies.

Teachers also reported small, marginally significant effects of
birth weight status for conduct problems (g = 0.19, 95%
Cl = —0.01 to 0.38), athough the confidence interval again
included zero. The effect size for one study indicated more conduct
problemsin NBW controls (g = —0.78, 95% Cl = —1.68 t0 0.12;
Szatmari et al., 1993), in contrast to four others that found conduct
problems primarily in ELBW children (gs = 0.16), (T? = 0.01,
Q =531, p > .25, 12 = 25%). (See Figure 5B.) Teachers also
reported significant levels of oppositional defiant disorder (g =
0.79, 95% Cl = 0.40 to 1.17) in ELBW children relative to their
NBW peers (T? = 0.02, Q = 111, p = .29, I? = 10%), but the
variance in one study (95% Cl = —0.86 to 1.35) was greater than
in the other (95% CI = 0.55 to 1.17), even though both studies
produced positive effects (gs = 0.25). Interpretation of this anal-
ysis should be cautious, as only two studies contributed to the
analysis. (See Figure 16B in the online supplemental materials.)

Childhood social problems and autistic symptoms. Parents
reported significant, moderate effects of social problems (g =
0.46, 95% Cl = 0.31 to 0.61) in ELBW children relative to their
NBW peers. (See Figure 6A.) The analysis indicated some varia-
tion in the effect sizes (T? = 0.02, Q = 9.01, p = .06, I1Z = 56%)
related to methodological or substantive differences among the
studies.

Parents also reported significantly more symptoms of autism
spectrum disorders (ASD) in ELBW than NBW children (g =
0.56, 95% ClI = 0.29 to 0.83). (See Figure 6B.) There was
significant variation in the effect sizes among the three studies that
contributed to the analysis (T? = 0.04, Q = 5.83, p = .05, I® =
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ELBW NBW

Std. Mean Difference Std. Mean Difference

Szatmari 1993 0138574 0.2691793 113 136

Total (95% CI)

5.5% 0.14 [-0.39,067]

1346 6079 100.0%

0.42[0.26, 0.58]

Study or Subgroup  Std. Mean Difference SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
Anderson 2003 0.264375 0.0829507 257 213 118% 0.26 [0.08, 0.45] —
Conrad 2010 0.10961 0.2227869 N 55 6.8% 0.11 [-0.33, 0.55] —
Elgen 2012 0.717399 0.0708604 255 1088 12.7% 0.72[0.58,0.86) ——
Faroogi 2007 0.649764 0.1572894 83 86 9.1% 0.65 [0.34, 0.96) —
Greenley 2007 0.036713 0.1995411 48 51 7.5% 0.04 [-0.35,043] S —
Hanke 2003 017547 0.2478386 21 68  6.0% 0.18[-0.31, 0.66] T
Hutchinson 2013 0570408 01071761 189 173 11.3% 0.57 [0.36, 0.78] =t
Samara 2008 0.246196 01064818 222 147 11.3% 0.25(0.04, 0.45) —
Stahimann 2009 0.59989 0.1299761 75 4000 103% 0.60 [0.35, 0.85] T
Stierngvist 1939 0.730122 0.1938781 52 61 7.7% 0.73[0.35,1.11)

>

Heterogeneity: Tau®= 0.05, Chi*= 36.62, df= 10 (P < 0.0001), F= 73%
Test for overall effect: Z= 5.24 (P < 0.00001)

-05 0 0.5 1
NBW ELBW

e

B ELBW HNBW Std. Mean Difference Std. Mean Difference
Study or Subgroup _ Std. Mean Difference SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
Anderson 2003 0.242403 0.0937465 253 208 248% 0.24[0.06,0.43] —

Conrad 2010 0.951106 0.2346794 3 55 12.0% 0.95[0.49,1.41] —
Faroogi 2007 0.256242 0.1538051 83 86 18.4% 0.26 [-0.05, 0.56] T
Greenley 2007 0.257786 0.2004341 48 51 14.4% 0.26 [-0.14, 0.65) T
Samara 2008 0.369351 0105087 211 162 236% 0.37 [0.16, 0.58) —
Szatmari 1993 -0.38881 0.3489362 113 136 69% -0.39 [-1.07, 0.30]
Total (95% CI) 739 698 100.0% 0.32[0.12,0.52] <
Heterogeneity: Tau®= 0.03, Chi*= 12.50, df= 5 (P = 0.03), F=60% il ‘0: 5 5 0:5 1:
Test for overall effect: Z= 3.08 (P = 0.002) ’ ’
NBW ELBW

Figure 4. Forest plots of (A) parent- and (B) teacher-reported internalizing in children. ELBW = extremely
low birth weight; NBW = normal birth weight. See the online article for the color version of this figure.

66%). Too few teacher reports of social problems and symptoms of
ASD were available to meta-analyze studies of these problems.

Childhood prediction intervals. We calculated 95% predic-
tion intervals to indicate the range in which the effect sizes for
each childhood disorder were found, with narrower intervals indi-
cating greater consistency among findings. (See Table 2.) In parent
ratings of children, the smallest prediction interval—for symptoms
of ASD—was still relatively wide (0.31 to 0.80), suggesting con-
siderable variation across studies in parent reports of these symp-
toms. The widest prediction intervals for parent ratings of children
were for externalizing (—0.57 to 0.86) and oppositional defiant
disorder (—0.73 to 1.01). More importantly, five of the prediction
intervals from parent ratings crossed the zero mark (hyperactive
ADHD, internalizing, externalizing, conduct disorder, and oppo-
sitional defiant disorder), indicating that some of the studies in
each of these meta-analyses identified negative effects (where
NBW children have more problems), whereas others identified
positive effects (where ELBW children have more problems). In
teacher ratings, analyses of combined ADHD (0.39 to 0.69) and
internalizing disorders (0.17 to 0.47) generated the most consistent
findings, with the smallest prediction intervals. The widest predic-
tion interval for teacher ratings was for childhood externalizing
problems (—1.03 to 1.31).

Like parent ratings, some of the findings from teacher reports
appeared to be unstable, as five of the prediction intervals from

teacher ratings crossed the zero mark (hyperactive and inattentive
ADHD, externaizing, conduct disorder, and oppositional defiant
disorder), suggesting teachers in some studies identified more of
these problems in NBW children, whereas others found more
problems in ELBW children.

Adolescence. Results from random effects meta-analyses of
mental health outcomesin adolescents are presented in Table 3. As
teacher reports were provided in only two studies (20%) of thisage
group, we elected to analyze mental health ratings provided only
by parents and teens.

Adolescent attention problems. Meta-analyses revealed sig-
nificant, small to moderate effects of birth weight status for pa-
rental assessments of combined ADHD (g = 0.52, 95% CI = 0.19
to 0.85), hyperactive ADHD (g = 0.26, 95% CI = 0.10 to 0.43),
and inattentive ADHD (g = 0.40, 95% CI = 0.24 to 0.56). (See
Figures 17A to 19A in the supplemental materials.) Although these
results suggested that ELBW teens were more likely than NBW
controls to exhibit symptoms specific to the combined type of
ADHD, there was considerable variation among the study effect
sizes (T? = 0.12; Q = 30.23, p < .00001, 1> = 87%). There was
little variation among studies of parent-reported hyperactive
ADHD (T? = 0.00, Q = 0.50, p > .45, 12 = 0%) and inattentive
ADHD (T? = 0.00, Q = 0.05, p > .80, 1% = 0%), but each of these
analyses was based on two studies. As such, these findings should
be interpreted with caution.



MENTAL HEALTH IN EXTREMELY PRETERM BIRTH SURVIVORS

363

A
ELBW  NBW Std. Mean Difference Std. Mean Difference
Study or Subgroup Std. Mean Difference SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
Conrad 2010 0682235 0.2288322 N 55 6.7% 0.68[0.23,1.13]
Elgen 2012 0.336912 0.0698609 255 1089 18.4% 0.34[0.20,0.47) -
Faroogi 2007 0079142 0.1532078 a3 86 10.9% 0.08 [-0.22,0.38] oy Lo
Hack 2009 -0.0527 0.1013052 17 176 15.3% -0.05 [-0.25,0.15) .
Hutchinson 2013 0.185812 0.1052801 188 173 150% 019[-0.02,0.39] -
Samara 2008 0.405766 01072796 iy 147 148% 0.41[0.20, 0.62) nal
Scott 2012 0.219357 0.2492687 148 111 5.9% 0.22[-0.27,0.71] e
Stahlmann 2009 0.119978 0.1399742 75 4000 11.9% 0.12[-0.15,0.39] o
Szatmari 1993 0.687903 0.6579939 113 136 1.1% 0.69 [-0.60, 1.98] —
Total (95% C1) 1332 5973 100.0% 0.23 [0.09, 0.37] &
Heterogeneity: Tau®= 0.02; Chi*= 18.95, df= 8 (P = 0.02);, F= 58% ?2 }1 5 1? %
Test for overall effect Z= 3.27 (P = 0.001)
NBW ELBW
¢ ELBW NBW Std. Mean Difference Std. Mean Difference
Study or Subgroup Std. Mean Difference SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
Conrad 2010 0296124 0.2237779 31 55 158% 0.30[-0.14,0.73) -
Faroogi 2007 0158882 0.1534069 83 86 27.6% 0.16[-0.14, 0.46] -ta—
Samara 2008 0.216958 0.1047864 209 162 424% 0.22[0.01,0.42) -
Scoft 2012 0.408568 0.2989523 110 107 9.7% 0.41[-0.18,0.89] T =
Szatmari 1993 -0.77763 0.4586018 113 136 4.4% -0.78 [-11.68,0.12) —_— T
Total (95% ClI) 546 546 100.0% 0.19 [-0.01, 0.38] P
Heterogeneity: Tau*= 0.01; Chi*=5.31, df= 4 (P = 0.26); F= 25% ?2 11 3 11 é
Test for overall effect Z=1.89 (P = 0.06)
NBW ELBW

Figure5. Forest plotsof (A) parent- and (B) teacher-reported conduct disorder in children. ELBW = extremely
low birth weight; NBW = normal birth weight. See the online article for the color version of this figure.

In contrast, adolescent self-reports revealed no consistent group
differences in problems related to combined ADHD (g = —0.03,
95% Cl = —0.28t0 0.23). Notably, the confidence interval for this
summary effect crossed the zero mark, indicating that some studies
suggested that NBW teens had greater problems related to com-
bined ADHD, whereas others suggested that ELBW teens had
more difficulties. (See Figures 17B to 19B in the online supple-
mental materials) This analysis revealed considerable method-
ologica or other variability among the individual effects related to
adolescent reports (T = 0.07, Q = 19.95, p < .0005, 1Z = 80%).
In addition, adolescent self-reports revealed significant effects of
birth weight statusfor both hyperactive (g = —0.23,95% Cl = —0.39
to —0.07), and inattentive ADHD problems (g = —0.23, 95%
Cl = —0.38to —0.07), that pointed to greater attentiona difficulties
in NBW teens. Within these analyses, the effect sizes from the indi-
vidual studies were very consistent (hyperactive ADHD; T2 = 0.00,
Q = 0.25,p> .60, 1% = 0%; inattentive ADHD; T? = 0.00, Q = 0.00,
p> .90, 12 = 0%), athough in each case, summary effects were based
on only two studies, suggesting these findings should be interpreted
with caution.

Adolescent internalizing and externalizing problems.
Parents reported that ELBW teens had significantly more prob-
lems with internalizing than did NBW teens (g = 0.51, 95%
Cl = 0.26 to 0.76). However, they indicated no group differ-
ence for externalizing, generating only a small, nonsignificant
effect of birth weight status (g = 0.29, 95% Cl = —0.26 to
0.84). (See Figures 20A and 21 in the online supplemental
materials.) There was little variation among the individual
effects of the three studies of the internalizing (T? = 0.00, Q =

1.24, p > .50, 17 = 0%), whereas the individual effects of the
two studies of externalizing tended to diverge (T? = 0.11, Q =
3.43, p = .06, 12 = 71%). The nonsignificant effect for parent-
reported externalizing in ELBW adolescents should be inter-
preted with caution due to the small number of studies contrib-
uting to the analysis, and because the confidence interval for
this effect crossed the zero line, indicating that the two studies
reported greater externalizing in different groups.

Adolescents themselves reported no significant group differ-
ences in internalizing behavior (g = 0.31, 95% ClI = —0.44 to
1.06). The confidence interval for this summary effect also crossed
the zero mark, reflecting inconsistency in the effect sizes of the
two studies, indicated by asimilar trend in the meta-analysis (T? =
0.20, Q = 2.77, p = .10, 1> = 64%). (See Figure 20B in the
supplemental materials.) Only one study provided teens self-
reported estimates of externaizing, precluding meta-anaysis.
More data are needed before firm conclusions can be drawn about
internalizing and externalizing tendencies in ELBW adolescents.

Adolescent conduct and oppositional behaviors. Meta
analyses indicated no significant effects of birth status for either
parent-reported conduct disorder (g = —0.30, 95% Cl = —1.58
to 0.98) or oppositional defiant disorder (g = —0.03, 95%
Cl = —0.21 to —0.14) among adolescents. (See Figures 22A and
23A in the online supplemental materials). Similar to parent-
reported externalizing, the confidence interval for the summary
effect for conduct problems crossed the zero mark, reflecting
disparity among the studies (particularly between the Gardner (g =
0.43, 95% Cl = —0.14 to 1.00) and Taylor studies (g = —1.69,
95% Cl = —1.96 to —1.42), and wide within-study variation in the
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Saigal study (g = —0.02, 95% Cl = —1.41 to 1.37). The wide
disparity among effect sizeswas confirmed by analysis (T? = 1.56,
Q = 77.58, p < .0001, 12 = 96%). In contrast, the analysis of
parent-reported oppositional defiant disorder suggested no signif-
icant difference between studies, (T2 = 0.00, Q = 0.52, p > .45,
12 = 0%), although this null finding rests on only two studies, and
should be interpreted with caution.

Adolescents themsel ves reported no significant group difference
between ELBW and NBW teens with respect to conduct disorder
(g= —0.17, 95% Cl = —0.38to 0.05), but the confidence interval
for the conduct disorder effect crossed the zero mark, where three
studies reported greater risk of conduct disorder in NBW teens
(gs = —0.05), while one study reported no mean difference but
showed wide within-study variation (Gardner: g = 0.03, 85%
Cl = —0.61 to 0.67). (See Figure 22B in the supplemental mate-
rials) There was some variation among the study effect sizes
(T?> = 0.02, Q = 6.58, p = 0.09, 12 = 54%). With respect to
oppositional defiant disorder, adolescents reported higher levels
among NBW teens (g = —0.34, 95% Cl = —0.54 to —0.13). (See
Figure 23B in the online supplemental materials.) Effect sizes for
oppositional defiant disorder were consistent (g = —-0.44
vs. —0.23; T? = 0.01, Q = 1.45, p > .20, I = 31%), although
again, this finding was based on two studies and merits cautious
interpretation.

Adolescent social problems. Parents reported significantly
more socia difficultiesin ELBW than NBW teens (g = 0.52, 95%
Cl = 0.00 to 1.03), with amargina difference between the effects
from these two studies (T? = 0.08, Q = 2.18, p > .10, |? = 54%)).
(See Figure 24A in the online supplemental materials.) Adoles-
cents themselves indicated no significant differences between
ELBW and NBW teens with respect to social problems (g = 0.21,
95% Cl = —0.16 to 0.57). (See Figure 24B in the online supple-
mental materials.) Effect sizes for adolescent-reported socia prob-
lems were small and consistent (T2 = 0.00, Q = 0.15, p > .65,
I = 0%), but we note wide variation within the Gardner study
(g = 0.44, 95% Cl = —0.81 to 1.69).

Adolescent prediction intervals. All results from the parent
and self-reports of adolescents should be interpreted with caution,

Table 3

however, asthey are based on small numbers of studies. Moreover,
the 95% prediction intervals for the summary effects are very
wide, suggesting considerable variation among the effect sizes
from different studies. Importantly, for every meta-analyses for
this age group, the prediction intervals for parent-ratings of ado-
lescents and adolescent self-ratings crossed the zero mark. (See
Table 3.) The smallest prediction interval—for parent ratings of
social problems (—0.21 to 1.24)—was still substantial, and the
largest prediction intervals—for parent-rated conduct disorder
(—4.79 to 4.19) and externalizing (—5.26 to 5.85)—were very
wide. In adolescent self-ratings, the smallest prediction interval—
for conduct disorder (—0.77 to 0.44)—was substantial, yet con-
trasted with much larger prediction intervals for social problems
(—5.30 to 5.71) and internalizing (—7.12 to 7.75). Thus, associa-
tions between birth weight status and either parent- or self-rated
mental health problems in adolescence appeared to be unstable and
contradictory.

Narrative findings. The mgority (77%) of eligible studies
contributed data to the meta-analyses. Only five studies of children
(Hille et a., 2001; Horwood et al., 1998; Johnson et al., 2010b;
Szatmari, Saigal, Rosenbaum, Campbell, & King, 1990; Whitfield,
Grunau, & Holsti, 1997) and three studies of adolescents, (Burnett
et a., 2014; Hallin & Stjernqvist, 2011b; MethUsalemsdéttir, Eg-
ilson, Gudmundsdattir, Valdimarsdottir, & Georgsd6ttir, 2013)
were not analyzed. Reasons for exclusion included data that were
redundant with those from another related study which were ana-
lyzed (Burnett et al., 2014; Hallin et a., 2011b; Johnson et a.,
2010b; Szatmari et a., 1990), insufficient information to calculate
effect sizes (Hille et al., 2001), averaged parent/teacher responses
(Horwood et al., 1998), assessment by a clinician only (Whitfield
et al., 1997), and in one case, measurement instruments that were
significantly different from those selected for meta-anaysis
(Methuisalemsddttir et al., 2013).

Effect sizesfor these omitted studies are availablein Table 1 for
comparison with effect sizes of those that were meta-analyzed. In
line with the findings from the meta-analyses, Horwood et al.
(1998) reported large effect sizes for attention problems (g = 0.67,
SE = 0.30) and anxious withdrawal (g = 0.82, SE = 0.29), and a

Results of Meta-Analyses for Adolescents Born at Extremely Low Birth Weight (ELBW) Versus Normal Birth Weight (NBW) by

Informant and Psychological Syndrome

Parent report Self-report
Psychological Effect Number Prediction  Effect Number Prediction
syndrome size(g) 9% Cl of studies ©* Q I? interval  size(g) 95% Cl  of studies 2 Q  I? interval

Combined ADHD 52*  19t0.85 5 12 30.23* 87% —.55t01.59 —.03 —.28t0.23 5 .07 19.95* 80% —.83t0.78
Hyperactive ADHD .26  .10t0 .43 2 00 50 0% —338t0391 —.23" —.39to—.07 2 00 .25 0% —3.85t03.38
Inattentive ADHD A40%  .2410.56 2 00 .05 0% —325t04.05 —.23° —.38to—.07 2 .00 .00 0% —3.84t03.39
Internalizing 512 .2610.76 3 .00 124 0% —1.04t0206 .31 —.44t01.06 2 20 277 64% —7.12t07.75
Externalizing 29 —26t0.84 2 A1 343" 71% —-527t0585 — — - - = — —
Conduct disorder —.30 —158t0.98 4 156 77.58* 96% —4.79t04.19 —.17 —.38t0.05 4 02 658" 54% —.77t0.44
ODD -.03 -—.21t0.14 2 00 52 0% —379t03.72 —.34*> —.54t0—.13 2 01 145 31% —2.03t01.35
Socia problems 52" .00t0 1.03 2 .08 218 54% —.21tol24 .21 -—.16t0.57 2 .00 15 0% —530t05.71

Note. Dashes indicate that there were insufficient data for meta-analysis. g = standard mean difference; = between-studies variance; Q = ratio of
variation to within-study error; 12 = the proportion of total observed variation attributed to between-study effects; Prediction interval = the dispersion of
true effect sizes; ADHD = attention-deficit/hyperactivity disorder; ODD = oppositional defiant disorder.

ap = .05, significant differences between the ELBW and NBW groups or significant Q values.

Tp=.06. *p=.09
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Figure 6. Forest plots of parent-reported (A) social problems and (B) autism spectrum disorder (ASD)
symptomsin children. ELBW = extremely low birth weight; NBW = normal birth weight. See the online article

for the color version of this figure.

small effect size for conduct problems (g = 0.24, SE = 0.37) in
8-year-old ELBW children born in New Zealand. Johnson et al.
(2010b) reported a large effect size (g = 1.29, SE = 1.04) for
inattention, but no effect of emotiona disorder (g = 0.00, SE =
0.63), in 11-year-old ELBW children born in the United Kingdom.
Szatmari et al. (1990) reported large effect sizes for attention (g =
0.94, SE = 0.73) and conduct problems (g = 0.87, SE = 1.22) in
Canadian 5-year-olds. Whitfield et al. (1997) reported very large
effects of bhirth weight status on distractibility (g = 1.04, SE =
0.56), hyperactivity (g = 1.94, SE = 1.03), and anxiety (g = 1.70,
SE = 1.03) in Canadian 8-year-olds born weighing <800 g. In
contrast, Burnett et al. (2014) reported small positive effects of
birth weight status for ADHD (g = 0.28, SE = 0.47), mood
disorders (g = —0.13, SE = 0.38), and antisocial problems
(g = —0.21, SE = 0.11), but not anxiety (g = 0.01, SE = 0.10),
in 18-year-old Australians. In a follow-up to their earlier study,
Hallin et a. (2011b) reported small positive effects for anxiety
(g = 0.15, SE = 0.19), and depression (g = 0.12, SE = 0.19),
along with a moderate negative effect of birth weight status on
disruptive behavior (g = —0.39, SE = 0.20) in Swedish 18-year-
olds. In contrast, Methisalemsdattir et al. (2013) reported large
group differences in quality of life between in 17-year-old Icelan-
dic teens born at ELBW and their NBW peers, which favored the
normal group: psychological well-being (g = —1.06, SE = 0.64)
and overall mood (g = —0.92, SE = 0.61) were notably lower in
ELBW teens.

Adulthood. Six studies of adults (aged 22 to 36 years) met
inclusion criteria for the review. Data were collected from self-
reports or assessments by trained interviewers (see Table 1). These
were not meta-analyzed because five of the studies collectively
represented the same unique cohort, and the data provided for the
remaining cohort did not permit calculation of standardized mean

differences. A narrative description of these findings follows to
summarize the findings for the reader.

Adult attention problems. No group differences in the risks
for ADHD problems reached significance in studies of adult
ELBW survivors (e.g., Boyle et al., 2011; d = 0.17, p > .15;
Lahat, Van Lieshout, Saigal, Boyle, & Schmidt, 2014, ps > .09;
Van Lieshout, Boyle, Saigal, Morrison, & Schmidt, 2015a: OR =
4.58, 95% Cl = 0.94 to 22.22, p > .05). However, for adults born
at ELBW and exposed to antenatal corticosteroids (Van Lieshout
et a., 2015a: OR = 11.45, 95% CI = 2.06 to 63.50, p < .05) or
who had poor fluid intelligence (Lahat, Van Lieshout, Saigal, et
a., 2014: p < .05), the risk of inattentive ADHD was elevated
compared with their NBW peers.

Adult internalizing, externalizing, and social problems. The
risk for self-reported internalizing problems was significantly
greater in young adults born at ELBW than in their NBW peers
(d = 042, p < .01; Boyle et a., 2011). Similarly, shyness
persisted in the ELBW group in adulthood (d = 0.38, p < .03;
Schmidt, Miskovic, Boyle, & Saigal, 2008), and adult survivors
were at higher risk for self-reported anxiety problems (d = 0.34,
p < .02; Boyle et a., 2011). If they had been exposed to cortico-
steroids prenatally, they were also at higher risk for clinical levels
of anxiety, for example, generalized anxiety disorder (OR = 3.42,
95% CI = 1.06 to 11.06) and social anxiety disorder (OR = 5.80,
95% Cl = 1.20 to 27.99, ps < .05), as assessed by structured
psychiatric interview (Van Lieshout et al., 2015a).

In a European cohort (Natalucci et a., 2013), self-reported
mental health (d = —0. 43, p < .01) and socia functioning
(d = —0.40, p < .05) were poorer in young adults born at ELBW,
in comparison to community norms. In addition, distress related to
interpersonal sensitivity (d = 0. 21, p < .05) was higher. However,
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adults from this cohort reported no group differences in anxiety
problems (d = 0.24, p > .10; Natalucci et d., 2013).

As in adolescence, externalizing problems at age 22 to 26 did
not differ between groups (Boyle et a., 2011: d = 0.01, p > .90).
The adult risk for substance use disorders was significantly lower
in ELBW survivors than in NBW controls (Van Lieshout et al.,
2015a OR = 0.38, 95% CI = 0.17 to 0.86, p < .05).

In general, mental heath problems related to internalizing,
anxiety, and/or interpersonal sensitivity appeared to persist in
adults born at ELBW, particularly those exposed to antenatal
corticosteroids, whereas the risk for substance-related disorders
was lower than in NBW controls. Indices of mental well-being
were also lower in adult survivors.

Subgroup Analyses

To explore the possibility that nonrandom variability may ac-
count for some of the disparities among study effects, regional
variations, differences in birth era (pre-1990 vs. post-1990), and
the effects of including or excluding individuals with NSI were
assessed in subgroup analyses. Parental reports were numerous
enough for analysis of most of the childhood problems reported.
Parental and self-reports for combined ADHD in adolescents also
permitted meaningful analysis.

Influence of regional differences. Tests for significant re-
gional differences in mental health outcomes were conducted in
RevMan 5.3. If the overall regional test for a mental health
outcome was significant, we then conducted separate pairwise Z
tests of the effect sizes from Australia versus Europe, Europe
versus North America, and North America versus Australia for
that outcome. Results are presented in Table 4, Figures 7 to 9,
and Figures 25 to 32 in the online supplemental materials.
There were significant overall regional differences only for
parent-rated childhood inattentive ADHD, (Q = 6.32, p = .04,
I2 = 68%; see Figure 26 in the online supplemental materials),
internalizing, (Q = 7.58, p = .02, 1% = 74%; see Figure 8), and
ASD symptoms (Q = 4.96, p = .03, 12 = 80%; see Figure 31
in the online supplemental materials), and also for parent-rated
combined ADHD in adolescence (Q = 30.19, p < .00001, 12 =
93%,; Figure 9).

None of the pairwise Z tests was significant for parent-rated
inattentive ADHD (all ps > .24). In contrast, the effect sizes for
both parent-rated childhood internalizing (Z = 2.69, p < .01) and
ASD symptoms (Z = 2.19, p < .03), were significantly larger in
Europe than in North America. Effect sizes for parent-rated ado-
lescent combined ADHD were also significantly larger in Europe
than North America (Z = 529, p < .001), or Austraia
(Z = —4.62, p < .001).

No other regional differences reached significance. Results from
the adolescent analyses should be interpreted cautiously due to the
small numbers of studies available for each region (especialy
Australia, which is represented by one or two studies in these
subgroup analyses).

Influence of birth era. We aso conducted pairwise Z tests to
ascertain whether the effect sizes for birth cohorts born before
1990 differed from those born in 1990 or later. Results of these
subgroup analyses are presented in Table 5, Figure 10, and Figures
33to 38 in the online supplemental materials. Only one significant
difference emerged (Q = 5.91, p = .02, I? = 83%; see Figure 10).
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ELBW ~ NBW Std. Mean Difference Std. Mean Difference

Study or Subgroup  Std. Mean Difference SE Total  Total Weight IV, Random, 95% CI IV, Random, 95% CI

North America
Conrad 2010 1.0821 0.2399 3 55 5.0% 1.08 [0.61,1.55) T
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Test for overall effect: Z=6.31 (P < 0.00001)
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Figure 7. Regiona effects on parent ratings of childhood attention-deficit/hyperactivity disorder (ADHD;
combined type). NBW = normal birth weight; ELBW = extremely low birth weight. See the online article for

the color version of this figure.

In adolescent self-reports, teens born prior to 1990 were more
likely to identify high levels of ADHD (combined) in ELBW
groups, whereas teens born in 1990 or later were more likely to
identify high levels of ADHD (combined) in NBW groups, a
contrast that was statistically significant (Z = —2.43, p < .02).
However, the overall pattern of tests related to birth era suggested
that most mental health outcomes did not differ between children
or adolescents who were born before versus after 1990.

Influence of NSI. Pairwise Z tests were conducted to test
whether mental health outcomes differed depending on the inclu-
sion of individuals with NSI. Results from these subgroup analyses
are presented in Table 6, Figure 11, and Figures 39 to 48 in the
online supplemental materials. Only one significant difference
emerged (Q = 14.62, p = .0001, 1? = 93%; see Figure 11). In
adolescent self-reports, the exclusion of teens with NSI from the
ELBW group was likely to result in higher rates of self-reported
ADHD (combined) in the ELBW group, whereas the inclusion of
teens with NSI in the ELBW group was likely to result in slightly
lower rates of combined ADHD, a contrast that was statistically
significant (Z = 3.90, p < .001). However, only one study con-
tributed data that included teens with NSI, suggesting cautious
interpretation, and the overall pattern of findings suggested that the
risks for childhood and adolescent mental health outcomes were
not increased by the inclusion of ELBW survivors with significant
NSl for any of the outcomes examined.

Informant comparisons. Ratings of mental health outcomes
were compared between informants in subgroup analyses, using
the same Z test strategy. Results are presented in Table 7, Figure
12 and Figures 49 to 51 in the online supplemental materials.
Parents’ and teachers’ ratings of mental health outcomesin ELBW
and NBW children did not differ for any of the outcomes for which
data were available: ADHD (all types), internalizing, externaliz-
ing, and conduct disorder (all ps > .20). In contrast, ratings by
parents and adolescents differed for several adolescent mental
health outcomes. Parents were more likely to report ADHD prob-
lems in ELBW teens, (combined ADHD: Q = 6.49, p = .01, 12 =
85%); see Figure 12; hyperactive ADHD: Q = 18.40, p = .0001,
12 = 95%, see Figure 49 the online supplemental materials; inat-
tentive ADHD: Q = 29.24, p = .0001, 12 = 97%; see Figure 50 in
the online supplemental materials). In contrast, adolescents were
more likely to identify attention problemsin NBW controls (com-
bined ADHD: Z = -260, p < .01; hyperactive ADHD:
Z = —4.24, p < .001; inattentive ADHD, Z = —.5.63, p < .001).
In addition, although parents reported no group difference in
oppositional defiant disorder between ELBW and NBW adoles-
cents, (Q = 5.01, p = .03, I = 80%), adolescents themselves were
more likely to identify oppositional defiant disorder among NBW
control teens, (Z = —2.26, p < .03). (See Figure 51 in the online
supplemental materials.)
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ELBW NBW Std. Mean Difference Std. Mean Difference
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Szatmari 1993 0.14 0.27 113 136 5.4% 0.14 [-0.39, 0.67) —t
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Test for overall effect: Z=5.25 (P < 0.00001)
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Figure8. Regional effectson parent ratings of childhood internalizing. NBW = normal birth weight; ELBW =
extremely low birth weight. See the online article for the color version of this figure.

Sensitivity Analyses

A series of sensitivity analyses was carried out to assess whether
findings differed between studies that were deemed to be at greater
versus lesser risk of bias, according to their NOS ratings. Results
are presented in Table 8 and in Figures 52 to 59 in the online
supplemental materials. None of these analyses revealed signifi-
cant differencesin the findings between studies at risk of greater or
lesser bias (meta-analyses: al ps > .13; Z scores: all ps > .06).
The differences in the effect sizes were small (<0.24) except
for internalizing (0.29) and externalizing (0.56). However, es-
timates of mental health from studies at high risk of bias had
larger standard errors and appeared to be more unstable than
those from studies at low risk of bias. These included parent-
rated childhood hyperactive ADHD (Z score = 0.37; M = 0.38,
95% CI = —0.03 to 0.78), internalizing (Z score = 0.20; M =
0.34, 95% Cl = —0.21 to 0.89), externalizing (Z score = 0.42;
M = 0.07, 95% CI = —0.33 to 0.46), and conduct disorder (Z
score = 0.81; M = 0.12, 95% Cl = —0.15 to 0.39). Similar
analyses of parent-rated adolescent internalizing (Z score =
1.11; M = 0.34, 95% CI = —0.05 to 0.74) and externalizing (Z
score = 1.84, M = 0.02, 95% CI = —0.37 to 0.41) suggested
unstable estimates from studies at higher risk of bias. In these
analyses, the 95% ClIs for the summary effects from all of the
groups of studies at higher risk of bias happened to cross the
zero mark. In contrast, confidence intervals for the summary
effects from groups of studies at lower risk of bias did not
include zero.

Discussion

This systematic review summarizes al available literature on
the mental health of individuals born at ELBW or EP up until
mid-2016. Evidence from alarge number of participants suggested
that these individuals are at increased risk for particular mental
health problems, beginning in childhood and extending into the
fourth decade of life.

Analyses of ADHD studies revealed that children born at
ELBW were more likely to have attention difficulties than their
NBW peers, with moderate to large effectsin parent ratings and
small to moderate effects in teacher ratings. Parents reported
significantly more ADHD problems in these children in almost
every study included in this review. Children born extremely
preterm were also significantly more prone to internalizing,
externalizing, conduct problems, social problems, and symp-
toms of ASD, relative to age-matched controls. Effect sizes for
parent-rated internalizing, social problems, and ASD symptoms
were moderate, and small but significant for externalizing and
conduct disorder. Teachers, as well as parents, identified small
but significant group differences in internalizing and external-
izing problems. Prediction intervals of the effect sizes for some
parent and teacher ratings crossed the zero line, (e.g., external-
izing, conduct, oppositional defiance, and ADHD), indicating
that findings were sometimes contradictory across studies.
While the majority of studies identified greater difficulties in
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ELBW NBW Std. Mean Difference Std. Mean Difference
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North America
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Figure 9. Regiona effects on parent ratings of adolescent attention-deficit/hyperactivity disorder (ADHD;
combined type). NBW = normal birth weight; ELBW = extremely low birth weight. See the online article for

the color version of this figure.

ELBW children, a few found more problems in NBW children.
(See Table 2.)

Meta-analyses of parent reports of adolescents also suggested
significantly greater risk for ADHD (&l three types), internalizing
(especialy anxiety), and social difficulties in the ELBW group,
with moderate effect sizes, excepting asmall effect for hyperactive
ADHD. Parent-reported group differences in externalizing, con-
duct, and oppositional problems did not reach statistical signifi-

Table 5

cance at this life stage. In contrast to parental reports, adolescents
reported significantly lower risks of combined, hyperactive, and
inattentive ADHD and oppositional behavior in ELBW teens than
in NBW teens, although the effects were small. Levels of interndiz-
ing, externalizing, and socia problems were smilar across groups.
The sparse numbers of adolescent studiesin our analyses and thewide
dispersion of their effects, (seen in the large prediction intervals for
both types of informant) require a cautious approach to interpretation,

Results of Subgroup Analyses for Individuals Born at Extremely Low Birth Weight Versus Normal Birth Weight by Age Group,

Informant and Psychological Syndrome: Birth Era

Number of  Effect estimate if Effect estimate if born Difference in S
Psychological syndrome studies born before 1990  SE 1990 and later SE means difference  Z score
Parent report Children
Combined ADHD 3 .83 13 .65 .07 -.18 15 -1.19
10
Hyperactive ADHD 1 .25 .19 47 .05 22 .20 1.10
8
Internalizing 3 31 .23 45 .09 14 .25 .56
8
Externalizing 2 22 .15 a2 .08 -.10 A7 —.60
3
Conduct disorder 1 .69 .66 .23 .08 —.46 .66 —.69
8
Adolescents
Combined ADHD (parent report) 3 .63 .32 .36 .09 -.27 .33 -.82
2
Combined ADHD (self-report) 3 15 .15 —.26 .08 —41 A7 —243"
2

Note. ADHD = attention-deficit/hyperactivity disorder.
“p < .05. (Outcome differs by birth era.)
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ELBW NBW Std. Mean Difference Std. Mean Difference
Study or Subgroup Std. Mean Difference SE Total Total Weight IV, Random, 95% ClI IV, Random, 95% CI
Born Before 1990
Gardner 2004 041 0128 147 108 205% 0.41 [0.16, 0.686) =t
Hallin 2011A 0 01973 49 54 16.2% 0.00[-0.39, 0.39] . —
Saigal 2003 0 01236 141 122 208% 0.00[-0.24, 0.24)
Subtotal (95% Cl) 337 284 57.4% 0.15 [-0.14, 0.44] R =
Heterogeneity. Tau®= 0.04, Chi*=6.15,df= 2 (P = 0.05), F=67%
Test for overall effect: Z=1.01 (P=0.31)
Born After 1990
Taylor 2015 -0.2873 01215 169 115 209%  -0.29[-0.53,-0.05] —e
Wilson-Ching 2013 -0.2391 01084 192 150 216% -0.24 [-0.45,-0.02) ——
Subtotal (95% Cl) 361 265 42.6%  -0.26[-0.42,-0.10] <>
Heterogeneity: Tau®= 0.00; Chi*=0.09, df=1 (P=0.77);F=0%
Test for overall effect Z= 3.21 (P = 0.001)
Total (95% CI) 698 549 100.0% -0.03 [-0.28, 0.23] ?
Heterogeneity. Tau®= 0.07; Chi*=19.94, df= 4 (P = 0.0005), F= 80% '1 _0:5 B 0:5 jl
Test for overall effect Z=0.21 (P=0.83) ) )
NBW ELBW

Test for subgroup differences: Chi*=591,df=1 (P=0.02), F=83.1%

Figure 10. Effects of birth era on self-ratings of adolescent attention-deficit/hyperactivity disorder (ADHD;
combined type). NBW = normal birth weight; ELBW = extremely low birth weight. See the online article for

the color version of this figure.

but they provide a genera outline of the current status of mental
hedlth research in this age group. (See Table 3.)

Higher levels of anxiety, depression, and shyness, and lower
self-rated social functioning were self-identified by adults born
at ELBW. In adulthood, any risks for combined or inattentive
ADHD were higher in ELBW groups only under special cir-

Table 6

cumstances, namely, exposure to antenatal corticosteroids, or
having lower levels of fluid intelligence. Prenatal exposure to
corticosteroids among ELBW survivors appeared to amplify
group differences in social anxiety disorder and generalized
anxiety disorder (Van Lieshout et al., 2015a). Although levels
of antisocial behavior were similar in both groups, adults born

Results of Subgroup Analyses for Individuals Born at Extremely Low Birth Weight Versus Normal Birth Weight by Age Group,
Informant and Psychological Syndrome: Neurosensory Impairment (NSI)

Number of Effect estimate for Effect estimate for Difference in SE

Psychological syndrome studies NSI included (g) S NSI excluded (g) S means difference  Z score
Parent report Children
Combined ADHD 8 .63 .08 .75 .10 12 13 .94
Hyperactive ADHD 2 44 .07 51 .08 .07 .10 .69
Inattentive ADHD g .56 A3 .61 A7 .05 22 .23
Internalizing 3 41 .10 43 14 .02 .18 A1
Externalizing g A1 .08 .23 A2 A2 15 .82
Conduct Disorder é A7 .08 .36 15 19 a7 112
ODD g 14 .09 A2 .15 -.02 .18 —-.11
Socia Problems 411 42 .09 .62 A1 .20 14 142
ASD % 57 19 .52 .24 -.05 31 —.16

Adolescent

Combined ADHD (parent report) 3 .36 .07 a7 45 41 46 .89
Combined ADHD (self-report) % —.16 .07 41 13 57 .15 3.90""

*p < .001. (Outcome differs when participants with NSI are included versus excluded from analysis.)
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ELBW NBW Std. Mean Difference Std. Mean Difference

Study or Subgroup Std. Mean Difference SE Total Total Weight IV, Random, 95% CI IV, Random, 95% Cli

NSls Included
Hallin 2011A 0 01973 49 54 16.2% 0.00[-0.39, 0.39) Ttp——
Saigal 2003 0 01236 141 122 208% 0.00 [-0.24, 0.24] ——
Taylor 2015 -0.2873 01215 169 115 209% -0.28 [-0.53, -0.05) o
Wilson-Ching 2013 -0.2391 01094 192 150 21.6% -0.24 [-0.45,-0.02) ——
Subtotal (95% ClI) 551 441 79.5% -0.16 [-0.30, -0.01] <
Heterogeneity. Tau*=0.01; Chi*= 395, df=3 (P=0.27); F= 24%
Testfor overall effect: Z= 210 (P = 0.04)

NSis Excluded
Gardner 2004 041 0128 147 108 205% 0.41 [0.16, 0.686) .
Subtotal (95% Cl) 147 108 20.5% 0.41 [0.16, 0.66) o
Heterogeneity: Not applicable
Test for overall effect: £= 3.20 (P = 0.001)
Total (95% CI) 698 549 100.0%

Heterogeneity: Tau®= 0.07; Chi*= 19.94, df= 4 (P = 0.0005); F= 80%

Test for overall effect: Z=0.21 (P=0.83)

Test for subgroup differences: Chi*= 1462, df=1 (P = 0.0001), F=93.2%

.0.03 [-0.28, 0.23] *
-05 0 05 1
NBW ELBW
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Figure 11. Effects of neurosensory impairment (NSI) on self-ratings of adolescent attention-deficit/
hyperactivity disorder (ADHD; combined type). NBW = normal birth weight; ELBW = extremely low birth
weight. See the online article for the color version of this figure.

at ELBW actually manifested a lower risk of alcohol and

substance use than those born at NBW.

These findings concurred with extant reviews of children
born at VLBW (Aarnoudse-Moens et al., 2009; Bhutta et al.,
2002; Breslau, 1995). On the basis of a relatively small set of

Table 7

studies, Bhutta and colleagues (2002) reported a higher preva-
lence of ADHD, internalizing, and externalizing in children
born preterm (<2,500 g). Here, we report moderate to large
effect sizes for risks of ADHD, internalizing, social problems,
and ASD symptoms in children born at ELBW.

Comparisons of Informants Ratings of Individuals Born at Extremely Low Birth Weight Versus Normal Birth Weight by Age Group

and Psychological Syndrome

Number of  Effect estimate for Effect estimate for Difference in SE
Psychological syndrome studies parent ratings (g) SEM  teacher or self ratings (g) SEM means difference  Z score
Children
Combined ADHD 13 .68 .06 54 13 —-.14 14 —.99
Hyperactive ADHD ; 46 .05 .35 .08 =11 .09 -1.77
Inattentive ADHD g .58 .10 .54 14 —.04 A7 —.24
Internalizing 1‘11 A2 .08 32 .10 —.10 A3 =77
Externalizing g 15 .07 14 .07 —.01 .10 —.10
Conduct disorder § .23 .07 19 .10 —-.04 12 -.32
Adolescents

Combined ADHD 5 .52 17 —.03 13 —.55 21 —2.60™"
Hyperactive ADHD g .26 .08 -.23 .08 —.49 12 —4.24m
Inattentive ADHD % 40 .08 -.23 .08 —.63 A1 —5.63""
Internalizing g .51 13 31 .38 -.20 40 —.50
Conduct disorder 221 -.30 .65 -.17 A1 13 .66 .20
ODD g —.03 .09 —-.34 .10 -.31 14 —2.26"
Social problems g .52 27 21 19 =31 33 -.95

“p<.05 "p<.0L *p< .00l (Outcomes differ by informant.)
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Our results were also broadly consistent with recent narrative
reviews of children (Johnson, 2007), adolescents (Johnson &
Wolke, 2013) adults (Johnson & Marlow, 2014). These authors
noted a significantly higher prevalence of attention and social
problems in children and adolescents born preterm, but found
little consensus in the literature with regard to internalizing and
externalizing difficulties. For individuals born extremely pre-
term, the higher risk of psychiatric symptoms was likely to
endure into adulthood, based on higher prescription usage and
hospital admissions for psychiatric and addiction problems in
this population (Johnson & Marlow, 2014). Findings from our
systematic review of prospective studies confirmed this general
trend in nonhospitalized adults born at ELBW.

Some researchers have worried that disparities between chil-
dren born at ELBW versus NBW would persist over time or
even widen with age (e.g., Taylor et a., 2000; see also Whit-
field et al., 1997), while others argued that postnatal experi-
ences may be able to compensate for behavioral and develop-
mental effects related to prematurity (Aylward, 2005; Murphy,
Barkley, & Bush, 2002; Wilson-Ching et al., 2013). Between
childhood and adulthood, increases in attention span and de-
clining attention problems are reported both for adults born at
full-term (Murphy et al., 2002) and those born very preterm
(Breeman, Kaekel, Baumann, Bartmann, & Wolke, 2015). De-
spite putative maturational changes, however, vulnerability to
attention problems may not entirely disappear. Clinically sig-
nificant attention problems may be outgrown by adulthood in
term-born individuals, but ADHD diagnoses have shown
greater stability between childhood and adulthood in adults
born very preterm (Breeman et a., 2015; Halmgy, Klungsgyr,
Skjearven, & Haavik, 2012).

In contrast to attention problems, the risk of internalizing did
not appear to diminish in adolescence or adulthood, as ELBW
participants continued to note difficulties with depression, anx-
iety, and avoidant personality problems at these maturing life
stages. Parents reported higher levels of internalizing and social
difficulties in ELBW adolescents than in their NBW peers, and
unremitted as well as remitted anxiety symptoms between early
and late adolescence (Taylor, Margevicius, Schluchter, Andre-
ias, & Hack, 2015). Adolescents themselves endorsed a preoc-
cupied attachment style (Hallin et al., 2011b); higher levels of
emotional problems (Gardner et al., 2004); and reduced athletic,
vocational, and romantic confidence, in comparison to NBW
controls (Grunau, Whitfield, & Fay, 2004). Research on adults
born at ELBW suggests that internalizing problems may worsen
in the transitions between childhood and adolescence, or ado-
lescence and adulthood, (Schmidt, Miskovic, Boyle, & Saigal,
2010). Internalizing (Boyle et al., 2011) and non-substance-
related psychiatric problems may remain higher over time in
ELBW cohorts (Van Lieshout et al., 2015a), and social func-
tioning is impaired (Natalucci et al., 2013). Although these
kinds of problems do not appear to resolve with age, given the
paucity of adolescent and adult assessments of mental health in
individuals born extremely preterm, our present understanding
of the developmental trajectories of mental health issues in this
population remains necessarily tentative.

The consequences of mental health and social problems that
do not diminish with increased age may be far-reaching. Poor
social skills may lead to reduced social acceptance in childhood

and adolescence (e.g., bullying; MethGsalemsddttir et al., 2013;
Yau et a., 2013). Adequate social skills continue to underpin
academic and vocational success in adulthood, even in the
general population. Not only psychological well-being, but
educational attainment and even income level may be adversely
affected by social difficulties related to extremely preterm birth
(Allin et al., 2006; Mathiasen, Hansen, Nybo Anderson, &
Greisen, 2009; Moster, Lie, & Markestad, 2008; Saigal et al.,
2016), suggesting that the costs of enduring mental health
problems and social deficits may well increase with age, as
young adults assume greater personal and financial responsi-
bilities than were required in their youth.

Subgroup Analyses

In addition to issues of developmental change, we attempted
to evaluate the effects of regional and cohort differences on
mental health outcomes in ELBW across studies and to ascer-
tain whether group differences in the risk for psychiatric prob-
lems related to the presence of NSI in ELBW samples. Surpris-
ingly, group differences for most syndromes were relatively
robust to all three factors: birth region, birth era(i.e., significant
developments in neonatal intensive care), and the presence of
NSI, with a few exceptions.

Regional distributions. Regional disparities were relatively
rare. In children, a pattern of widely distributed, moderate
effect sizes were found for most disorders, other than inatten-
tion, internalizing, and ASD symptoms. The general consis-
tency of the findings across regions suggests that attentional,
behavioral and social outcomes in individuals born at ELBW
may have a developmentally programmed, biological basis.
However, regional disparities in corticosteroid use may ac-
count, at least in part, for regional differences in attention
difficulties. Repeated antenatal exposure to corticosteroids may
result in more distractible and hyperkinetic behavior during
childhood (French, Hagan, Evans, Mullan, & Newnham, 2004;
Rieger et al., 2004; for a review see Van den Bergh, Mulder,
Mennes, & Glover, 2005). Unfortunately, few of the studies
provided information on maternal treatment with corticoste-
roids, except for two Norwegian studies of the same cohort
(Elgen et al., 2012; Fevang, Hysing, Markestad, & Sommerfelt,
2016), where 70% to 71% of ELBW neonates had received
prenatal steroids, and one Australian study (Hutchinson et al.,
2013), where 88% of ELBW had received prenatal steroids.

Birth era. One drawback to examining studies of infants
born extremely preterm over a 29-year period (1974 [Whitfield
et al., 1997] to 2003 [Scott et al., 2012]) was that prenatal and
neonatal care did not remain uniform during that time (Bhutta
et al., 2002). We attempted to account for changes in neonatal
care by comparing pre- and post-1990 cohorts because surfac-
tant and steroid therapies were widely adopted in the late 1980s
and early 1990s. The mgjority of mental health outcomes ap-
peared to be independent of birth era, with the exception of
combined ADHD in adolescent self-reports, where ADHD was
likely to be slightly higher in the ELBW group among teens
born before 1990 and slightly higher in the NBW group among
those born after 1990. (See Table 5 and Figure 10.) Given that
risks for other kinds of impairments (e.g., NSI) have remained
strong in the postsurfactant era (Anderson, & Doyle, & the
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ELBW NBW Std. Mean Difference Std. Mean Difference
Study or Subgroup  Std. Mean Difference SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
Parent Report

Gardner 2004 1.206262 01407637 145 100 101% 1.21(0.93, 1.48) —_——
Grunau 2004 0.2904 0.2554 53 31 81% 0.29[-0.21,0.79] —_—r——

Saigal 2003 0358976 01236474 143 123 10.3% 0.36 [0.12, 0.60] i

Taylor 2015 0341987 0121376 169 115 10.4% 0.34[0.10, 0.58) —_—
Wilson-Ching 2013 0367158 01123423 193 137 105% 0.37 [0.15, 0.59] e
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Figure 12. Parent—adolescent informant discrepancies for attention-deficit/hyperactivity disorder (ADHD;
combined type). NBW = normal birth weight; ELBW = extremely low birth weight. See the online article for
the color version of this figure.

Victorian Infant Collaborative Study Group, 2003; Hack et al., Neurosensory impairment. Recently, it has been suggested
2009; Hanke et al., 2003), further research is needed to deter- that the higher risk for mental health problems in individuals
mine whether changes to modern neonatal care have led to born at ELBW might be driven by a subgroup of the population
mental health benefits, apart from any secular improvements. with severe handicaps (e.g., Johnson & Wolke, 2013). Indeed,

Table 8
Sensitivity Analyses for Parent Ratings of Individuals Born at Extremely Low Birth Weight Versus Normal Birth Weight by Age
Group and Psychological Syndrome: High Versus Low Risk of Bias

Psychological Number of Effect size for studies Effect size for studies Difference in S
syndrome studies at high risk of bias (g) SEM at low risk of bias (g) SEM means difference  Z score
Children
Combined ADHD 2 .67 12 .69 .08 .02 14 15
Hyperactive ADHD li .38 21 46 .05 .08 21 37
Inattentive ADHD ? 54 21 .58 A1 .04 .24 A7
Internalizing g .34 45 43 .09 .09 A1 .20
Externalizing 513 .07 .20 16 .07 .09 22 A2
Conduct disorder ‘11 12 14 .25 .08 13 .16 .81
Socia problems i 27 14 .50 .08 .23 .16 1.46
Adolescents
Internalizing 1 .34 .20 .63 17 .29 .26 111
Externalizing i .02 .20 .58 .23 56 .30 1.84

Note. All Z scores were nonsignificant.
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most early studies excluded children with NSI, in a bid to
identify the relatively subtle consequences of low birth weight
in survivors apart from any effects of major neurological dam-
age (Breslau, 1995). Here, the inclusion of children with NSI
did not widen the group differences in psychiatric outcomes,
suggesting that any detrimental effects of birth weight status on
childhood mental health were not related to the presence of
significant handicaps in ELBW cohorts, but to prematurity
itself. (See Table 6.) The only exception was a significantly
higher risk of self-reported combined ADHD in studies that
excluded teens with NSI. (See Figure 11). This finding requires
corroboration, as only one study in which NSI was excluded
was available for analysis. Like the higher rates of NSI that
accompanied improved survival (Fanaroff et al., 2003), higher
rates of mental health difficultiesin ELBW samples may simply
reflect the fact that more extremely preterm babies with high
biological risk now survive.

Informant Discrepancies

One of the advantages of collecting reports from multiple in-
formantsisthat congruent evidence from independent sources may
support the stability of theorized effects. On the other hand,
informant discrepancies may allude to real differences in infor-
mants perspectives of particular behaviors (Achenbach, 2011).
Informant discrepancies may aso reflect legitimate contextual
differences, for example, between the attention and behaviora
control required for the classroom setting versus expectations at
home. Accordingly, researchers have begun to analyze such dis-
crepancies for latent information that is not contained in the
individual ratings of either group (De Los Reyes, 2011).

In the childhood studies of mental health problems in ELBW
survivors reported here, group differences between children born
at ELBW and NBW were similar in parent and teacher-ratings of
ADHD (al types), internalizing, externalizing, and conduct disor-
der (al Z scores <1.77, ns, cf. Kohen, Brooks-Gunn, McCormick,
& Graber, 1997; Zeiner, 1997). In contrast to the similarity be-
tween parent and teacher ratings, adolescent self-ratings indicated
lower levels of hyperactive ADHD, inattentive ADHD, and oppo-
sitional defiant problemsin ELBW teens than their NBW peers,
whereas parents reported the opposite. Parent-teen reporting
discrepancies were epitomized in a study where parents rated
ELBW teens as having higher attention problem scores, while
adolescents gave ELBW teens lower scores (Wilson-Ching et
al., 2013). However, effects of birth weight status in parent and
youth reports were similar for internalizing, conduct disorder,
and social problems.

How are such parent-adolescent discrepancies to be interpreted?
Assuming they contain real information, possible explanations for
adult—teen discordance in the reporting of mental health problems
include teenage optimism (Gardner et al., 2004; Hallin & Stjern-
quist, 2011a), lack of insight (Burnett et a., 2014), downward
revision of expectations (Saiga, Pinelli, Hoult, Kim, & Boyle,
2003), and the fact that teens are likely to have access to infor-
mation about themselves that parents do not have (Gardner et a.,
2004). Parents may have significant concerns about behavior that
their adolescent offspring do not regard as problematic (De Los
Reyes, 2011). Alternatively, underreporting of problems may be
related to social acceptability in ELBW adolescents, who tend to

be more cautious (Hack et al., 2002), shy (Schmidt et al., 2008;
Waxman, Van Lieshout, Saigal, Boyle, & Schmidt, 2013), and
conforming (Allin et al., 2006; Pesonen et a., 2008) than their
NBW counterparts. This may be particularly true for sensitive
parents (Bilgin & Wolke, 2015), who see their ELBW children as
good, fragile, or in need of assistance. The issue of parent-
adolescent discrepancy is not trivial, as unresolved differences in
perspective may lead to negative outcomes: for instance, differing
interpretations of conflict by teens and parents within the family
may predict later adjustment difficulties for the teens (Greenley et
a., 2007). Sorting out the relevance and underlying causes of
parent—adolescent discrepancies in mental health reports merits
further study.

Risk of Bias

The strength of a meta-analytic review depends heavily on the
studies available for assessment. Therefore, it is critical to assess
potential reporting biases in the published findings. One potential
problem is the tendency of smaller studies to produce effects that
differ from (and are often larger than) those of larger studies—
known as small-study effects (Sterne, Gavaghan, & Egger, 2000).
Indeed, significant findings from meta-analyses that are based
primarily on small studies have occasionally been contradicted by
larger, better-controlled studies at a later date (Egger et a., 1997).
Accordingly, where appropriate, we created funnel plots to deter-
mine whether the meta-analytic results relied on small-study ef-
fects. Because funnel plots are recommended when meta-analyses
include at least 10 studies, we performed these analyses for only
two syndromes, namely, childhood combined ADHD and internal -
izing. Funnel plots and Egger tests of the findings from studies of
parent-rated combined ADHD and internalizing yielded no evi-
dence of small-study effects, suggesting that parents of children
born at ELBW are more likely than parents of children born at
NBW to report significant attentional and internalizing problems
in their offspring.

Second, sensitivity analyses were performed to determine
whether studies produced discrepant findings, depending on
whether they carried greater or lesser risk of bias according to the
NOS ratings. None of these analyses revealed significant differ-
encesin the findings. Notably, the summary effects from high-bias
studies were numerically smaller than those from studies at lower
risk of bias, suggesting that high bias studies tended to provide
more conservative estimates of mental health problems for youth
born at ELBW than low-risk studies. However, the findings from
studies at higher risk of bias tended to be inconsistent, as indicated
by the 95% Cls for summary effects that included zero. The
inconsistency may be partly attributable to the very small numbers
of high-bias studies and wide within-study variability in some
studies.

Implications for Theories of Development

Developmental origins of health and disease. In addition to
describing the current state of knowledge regarding mental health
in ELBW survivors, the present findings also have implications for
theories of development. The DOHaD hypothesis posits that fetal
adaptation to environmental influences encountered during gesta-
tion may increase susceptibility to chronic health problems later in
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life. Findings that individuals born extremely preterm are more
likely than their NBW peers to experience mental health problems
appear to be consistent with this general framework.

Within the DOHaD hypothesis, different explanations have
emerged, including the mismatch hypothesis and the cumulative
stress hypothesis. The mismatch hypothesis is illustrated by fetal
adaptation to aversive conditions that confer a relatively immedi-
ate advantage in utero, but do not fit the demands of the environ-
ment encountered after birth, with negative long-term conse-
quences for the individua (Gluckman & Hanson, 2004). The
cumulative stressmodel is similar to models of alostatic load. This
hypothesis suggests that individuals who encounter aversive con-
ditions during gestation may be sensitized by the exposure and
become more vulnerable to aversive challenges that arise later in
life (e.g., Davis, Waffarn, & Sandman, 2011).

Nederhof and Schmidt (2012) proposed an integration of these
models, whereby both interpretations relate to individua differ-
ences in feta sensitivity to programming effects—that is, fetal
propensity to phenotypic plasticity. In this integrated model, fe-
tuses whose endophenotypes are relatively more sensitive to pro-
gramming will manifest higher levels of prenatal adaptation. If the
environment to which they adapted becomes substantially different
from the one anticipated, these fetuses are likely to experience an
environmental mismatch. Those low-reactive fetuses whose endo-
phenotypes are relatively less sensitive to programming are likely
to show additive effects of stress when adversity is encountered
again later in life. Developmental programming effects may thus
represent specific manifestations of a more general biological
mechanism, namely, a continuum of developmental plasticity (e.g.,
Barker, 2004; Gluckman et a., 2010).

If a fetus were to adapt extensively to adverse prenatal condi-
tions, that could well result in an individual who thrives in envi-
ronments where attention-switching and fast reactions are adaptive
and ensure survival (match), but fares poorly in environments
where sustained concentration is required for success, and impul-
sive behavior isdetrimental (mismatch). In this case, the “ adapted”
fetus would be at increased risk of disease only if the environment
failed to match the adaptation. On the other hand, if the fetus were
less sensitive to programming, it might show limited adaptation,
but still “take ahit” from prenatal adversity. In this scenario, weak
adaptation may increase the risk of disease only slightly, depend-
ing on the number of additional “hits’ experienced over time. As
demonstrated in animal models, the effects of early adversity and
exposure to stressors later in life may be additive (e.g., Choy, de
Visser, & van den Buuse, 2009). For individuals with greater
physiological or cognitive vulnerabilities than their peers, a mod-
icum of cautiousness may be generaly adaptive, but when addi-
tional life stressors arrive (such as the challenges of adolescence
and young adulthood), dispositional cautiousness might intensify
to the point where it becomes pathological, resulting in differen-
tialy higher levels of internaizing like those seen in individuals
born at ELBW.

One of the predictions of the Nederhof and Schmidt (2012)
model is high variability in the outcomes when studies fail to
account for individual differences in sensitivity to programming.
In the present study, the prediction intervals for both childhood and
adolescent mental health problems varied considerably by syn-
drome. We suggest that the wide prediction intervals among
ELBW mental health outcomes are more consistent with differen-

tial sengitivity to programming among individuals and do not
preferentially support accounts of either cumulative stress or mis-
match.

Mechanisms for programming sensitivity: Epigenetic
modifications. In current thinking, one of the most plausible
mechanisms for plasticity is epigenetic modification (Gluckman et
a., 2010). Although genotypes are critical determinants of phys-
iology, phenotypic variations may be brought about by environ-
mental factors that can influence gene expression without altering
the genotype itself. Processes such as DNA methylation (the
addition of methyl groups to genetic material) often dampen gene
expression, making characteristics that are related to “silenced”
genes less likely to develop. On the other hand, changes in histone
structure that facilitate transcription factor access to DNA tend to
promote gene expression, increasing the likelihood of characteris-
tics that are controlled by those genes (Moore, 2015). Importantly,
nutritional and hormonal conditions experienced by the fetus dur-
ing gestation may initiate epigenetic changes that are central to
developmental plasticity (Gluckman, Hanson, & Beedle, 2007;
Gluckman et a., 2010).

Epigenetic changes related to hormonal regulation may consti-
tute aproximal physiological mechanism by which the fetus adapts
to maternal stress (Meaney, 2010). In arecent human study, Monk
et a. (2016) demonstrated an association between mothers' per-
ceived stress and an important index of neurobehavioral develop-
ment in the fetus, namely, coupling between fetal heart rate and
movement (DiPietro et a., 2010). The association was mediated by
epigenetic effects: increased methylation of placental genes in-
volved in the glucocorticoid pathway predicted reduced coupling
in fetuses of stressed mothers. One of the placental genes exam-
ined by these researchers (HSD1132) is associated with an enzyme
that metabolizes maternal cortisol to produce inactive cortisone.
Methylation of that gene may impede synthesis of the protective
enzyme, thereby exposing the fetus to high levels of maternal
cortisol.

As described by Ellison (2005), cortisol is heavily involved in
mechanisms related to energy mobilization and allocation, and in
particular, energy allocation trade-offs. Therefore, cortisol levels
are likely to change in response to environmental conditions that
affect energy allocation. Powerful gestational effects of cortisol are
demonstrated in the final trimester of pregnancy when fetal corti-
sol levels rise (Donaldson, Nicolini, Symes, Rodeck, & Tanniran-
dorn, 1991) and in the subsequent metabolic crisis experienced by
the fetus near the end of gestation (Smith et al., 2005). When the
energy demands of the developing fetus begin to exceed the
energetic resources supplied through the placenta, hypothalamic-
pituitary-adrenocortical (HPA) axis activity in the fetus increases
to enhance the energetic supply. However, the ensuing rise in
corticosteroids from the fetal side of the placenta may lead to a
cascade of events that initiates labor. Importantly, the timing of
this metabolic shift involving enhanced HPA activity may be
influenced by conditions such as maternal diabetes, undernutrition,
multiple pregnancies, or other energetic stressors, such that birth
onset may be early or delayed (Ellison, 2005). Thus, the same
mechanism—change in cortisol levels—appears to be able to
affect the timing of delivery and developmental outcomes (e.g.,
Glover, O’ Connor, & O'Donnell, 2010; Quesada, Tristéo, Pratesi,
& Wolf, 2014; Wust, Entringer, Federenko, Schlotz, & Hellham-
mer, 2005). Exposure of the developing brain to conditions that
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maintain high levels of cortisol during gestation may lead to poor
outcomes, including mental health problems (Huang, 2011;
Schlotz & Phillips, 2009).

Of course, prenatal programming effects do not account for all
of the mental health risks associated with being born at ELBW.
Equally important exposures occur when the preterm neonate is
exposed to the world ex utero while still in a vulnerable state of
development (Quesada et al., 2014). Premature exposure to phys-
ical sensations (e.g., light, sound, and handling), mechanical mon-
itors, and painful, sometimes tissue-damaging treatments are
stressful for preterm infants (Johnston, Barrington, Taddio, Car-
bajal, & Filion, 2011). However, in infants born too early—before
the rise in fetal cortisol levels in late gestation (Donaldson et a.,
1991)—the HPA axis is likely to be still in a suppressed state,
resulting in adrena insufficiency (Fernandez & Watterberg, 2009;
Watterberg & Scott, 1995), whereby the amount of cortisol pro-
duced in response to a stressor istoo little to maintain homeostasis.
The ability to mount an effective cortisol response to stressors
when it is needed is essential for survival, and adrenal insuffi-
ciency exposes preterm neonates to heightened risk of both short-
term and long-term consequences of stress (Morelius, He, &
Shorey, 2016). Moreover, endocrine set points may be altered in
children born extremely preterm (Grunau et a., 2007; Quesada et
al., 2014). In both EP and full-term infants, basal cortisol levels
decline continuously until 18 months of age (Grunau et al., 2007).
Because the decline is noticeably greater in full-term infants, EP
infants showing depressed basal levels of cortisol a 3 months
show higher levels of baseline cortisol than do term-born children
by 8 months. These relatively higher levels are maintained up to at
least 18 months in EP infants, suggesting an enduring shift in
cortisol regulation. We submit that durable effects of extremely
preterm birth on endocrine and other systems, in combination with
additional life stressors, may be sufficient to increase the risk for
psychiatric problems in individuas born at ELBW.

Strengths and Limitations

This review provides a qualitative and quantitative overview of
the current state of knowledge concerning mental health outcomes
in individuals born extremely preterm. The review followed a
formal protocol, examining 41 studies from 24 unique cohorts
distributed across the world over an extensive period and a wide
range of ages (5 to 36 years). Because we limited this review to
individuals born at ELBW, individual differences in participants
baseline weight and gestational age did not vary much across the
selected studies, ensuring a relatively homogenous study popula-
tion. Pooling information from multiple cohorts generated much
larger samplesin case and control groups within each age category
than could feasibly be collected by individual hospitals or labora-
tories, thereby reducing the impact of low statistical power. In
studies of children and adolescents, information was often avail-
able from multiple informants.

Our findings also suggest some testable hypotheses for exam-
ining the pathogenesis of psychopathology following extremely
preterm birth, including possible biological bases for particular
mental health problems, and the question of whether prenatal
exposure to corticosteroids constitutes a mechanism that compro-
mises mental health. With improved understanding of mechanisms
that plausibly affect mental health outcomes, more focused thera-

peutic interventions may be developed to lessen the impact of
psychiatric problems in individuals born at ELBW.

It is also important to note several limitations when interpreting
these findings. First, while methodological quality was relatively
high, there was a substantial range of heterogeneity across studies.
Aswell, mental health outcomes were reported from awide variety
of scales and range of measurement time points, even within
developmental categories. Among the 41 reviewed studies, well
over 40 different instruments were used to assess mental health
between ages 5 and 36 years. Most, but not all of the assessment
measures were validated. Further, we assumed that assessment
instruments from different studies had comparable sensitivity and
specificity. This overlooks existing subtle differences between
instruments, as well as variation in the administration of those
tests. Although we tried to minimize this concern by analyzing
odds ratios from directly comparable questionnaires, standardiza-
tion in the instruments used to assess mental health problems and,
importantly, in the reporting of the findings was generally lacking
(Milfont & Fischer, 2010; Van Lieshout, Boyle, Schmidt, Saigal,
& Ferro, 2015b).

Second, issues of measurement invariance with respect to the
assessment instruments commonly administered to this population
should be acknowledged. Although it is generaly assumed in
psychological testing that a given scale measures the same psy-
chological construct in all of the groupsto which it isadministered,
if this is not true, then comparisons across ELBW and control
groups will not be valid. In the only ELBW study to address this
issue to date, measurement invariance was established more
clearly for attention-deficit hyperactivity problems than for emo-
tiona and conduct problems in ELBW children (e.g., Van
Lieshout, et al., 2015b).

Third, the number of extant studies of mental health in
individuals born at ELBW declined sharply beyond childhood.
While reports of mental health sequelae of extremely preterm
birth were available in 25 studies of children, eligible adoles-
cent studies numbered fewer than half that number (i.e., 10
studies). Most of the cohorts will have now reached adulthood,
yet studies of adults were rare, with only two unique cohorts
represented among the six adult studies eligible for this review.
Part of the problem stems from attrition over long-term follow-
up. Attrition itself is unlikely to overestimate any effects of
ELBW because those lost to follow-up tend to have poorer
outcomes (Breeman et al., 2015; Breslau, 1995). However,
sample size reductions in cohorts that were already limited
when first established make it more difficult to conduct studies
in adolescence and adulthood. Therefore, our conclusions for
adolescents and adults were based on less evidence than was
available for children, and findings in these groups may be
more variable or less stable. Given the limited availability of
mental health outcomes data at older ages, we were unable to
adequately address questions of whether particular mental
health problems declined with the attainment of maturity or the
nature of their trajectories.

Fourth, the number of studies entered in meta-analyses was
typicaly a subset of al the studies that assessed similar outcomes.
Some meta-analyses included only two studies, especialy in anal-
yses of adolescent data, allowing only cautious interpretations of
the findings. However, the narrative findings from reports that
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were not analyzed were similar to those derived from the meta-
analyses, as described earlier.

In this review, we were also unable to parse any effects of
being born SGA from those associated with being born at
ELBW. Although researchers sometimes reported the percent-
age of their sample that was born SGA or experienced intra-
uterine growth restriction (15 of 41 studies), only two of these
studies stratified their analyses by size for gestational age (SGA
vs. appropriate for gestational age (AGA; Boyle et al., 2011,
Van Lieshout et al., 2015a). Proportions of ELBW cohorts born
SGA were relatively low, ranging from 7% (n = 6; Stahlmann,
Rapp, Herting, & Thyen, 2009) to 47% (n = 26; Natalucci et
al., 2013), with most studies falling between 12% and 25%. The
etiology of mental health problems in individuals born at
ELBW and SGA warrants further investigation (e.g., Abel et al.,
2010; Lahti et a., 2015), particularly in light of differences
within the SGA population between infants that experienced
asymmetric prenatal growth (in which the body is dispropor-
tionately small at birth while the head is relatively large) and
those that experienced symmetric but limited growth, in which
constraints affected body and head more proportionately. Of
interest, the Boyle et al. (2011) and Van Lieshout et al. (2015a)
studies (of the same cohort at different adult ages) reported dose
effects of preterm status on mental health risk: Those born at
ELBW and SGA were more likely than adults born at ELBW
and AGA to have psychiatric problems, who, in turn, were at
greater risk than were term-born controls born at NBW.

Recommendations for Further Research

Limitations in the literature to date are considerable barriers to
a scientific understanding of the pathogenesis and treatment of
psychological problems in ELBW and EP survivors. They also
impede clinical efforts to prevent or treat mental disordersin this
population. We therefore make the following recommendations in
an attempt to advance the field. Firgt, it is important that individ-
uals born at ELBW be followed into adulthood if possible. We
know that survival rates have increased without a comparable
decrease in morbidity, and that difficulties with certain mental
health problems appear to persist in young adulthood. If the effects
of extremely preterm birth on mental health are enduring, it will be
important to collect data on ELBW survivors as they reach young
adulthood, mature, and age. Without follow-up data from older
ages, it isimpossible to know how and when to treat mental health
concerns that change with age, or which concerns remain trouble-
some in adulthood.

Second, we recommend that individual studies attempt to use
similar, valid measures across developmental epochs, if possible.
Longitudinal studies not only constrain idiosyncratic variability,
alowing a clearer view of symptoms and their trgjectories over
time, but a so allow issues like homotypic or heterotypic continuity
to be addressed. These kinds of models may be particularly useful
in understanding the nature of mental health symptomsin individ-
uals born at ELBW, especialy if they are rooted in early occurring
biological processes.

Third, despite the fact that the issue of wide variation in
measurement instruments across different cohorts was noted in
a review of low birth weight studies from 2 decades ago
(Breslau, 1995), this problem continues to make direct compar-

isons across studies problematic, even for recent cohorts. To
address it, the measures used to assess mental health should be
widely adopted, and the use of gold standard instruments should
be more widespread than the use of questionnaires better suited
for screening for mental disorders. Given the clinical and re-
source implications of psychiatric diagnoses, as well as the
stigma attached to mental health difficulties, assessments of
mental health should be based on more than a few questions.
More comprehensive assessments would allow greater confi-
dence in estimated rates of risk, and more detailed descriptions
from participants would help establish the phenomenology of
mental health problems in ELBW.

Fourth, given differences in the brains of ELBW survivors
and the unique behavioral phenotypes hypothesized to be pres-
ent in preterm survivors, it is not necessarily true that applied
measures tap the same constructs in this population and NBW
controls. Therefore, it behooves researchers to establish mea-
surement invariance for measures of mental health, and then to
use the invariant measures to make accurate estimations of the
mental health risks in ELBW.

Fifth, studies of individuals born at ELBW are frequently
underpowered, due to the still limited numbers of survivors of
extremely preterm birth. If common data collection protocols
were established to allow for appropriate combining of data,
data from multiple centers could be pooled to produce larger
samples of this relatively rare population, permitting meta-
analyses of individual participants data. The use of population-
based, linked registry data will also provide more accurate
estimates of risk, although such estimates may be limited by
diagnostic coverage or lack data on mediators and moderators
of observed links.

Sixth, the time has come for studies in the field to progress
from descriptive to explanatory accounts, another issue raised
previously (e.g., McCormick, 1997). If some subgroups of the
ELBW population drive the risk of adverse mental health out-
comes more than others, then careful examination of potential
social and biological moderators and mediators of these out-
comesisindicated to facilitate discovery of factors that promote
mental health (or not) following extremely preterm birth. More
attention needs to be paid to identifying factors precipitating or
mitigating risks of mental health problems in ELBW cohorts,
including underlying pregnancy conditions and heterogeneity of
preterm birth, parenting style (e.g., Huhtala et al., 2014; Hoff,
Hansen, Munck, & Mortensen, 2004; Pyhdla et al., 2011),
socioeconomic status (SES; e.g., Hack et al., 2009; Taylor et al.,
2015), cognitive functioning (e.g., Hoff et al., 2004; Nadeau,
Boivin, Tessier, Lefebvre, & Robaey, 2001), neonatal interven-
tions (e.g., antenatal corticosteroid exposure, early nutrition),
intermediate biological phenotypes (e.g., in EEG or neuroim-
aging, e.g., Schmidt et al., 2010), and genetic (e.g., Lahat, Van
Lieshout, Mathewson, et al., 2016) and epigenetic (e.g., Cruick-
shank et al., 2013) markers. All of these factors are potential
sources of heterogeneity in samples of individuals born pre-
term. A more complete understanding of these risk and resil-
ience factors would not only allow us to better understand the
pathophysiology of mental disorders in this population, but to
predict those at highest risk. They would also aid in the devel-
opment and targeting of preventive and treatment efforts.
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Finally, more comprehensive findings should be translated
into optimal care protocols and interventions for particular
mental health problems, with the optimal time-points for ad-
ministering them. Although the Neonatal Intensive Care Unit
stay is an obvious time for some interventions, others may need
to be implemented following the appearance of symptoms later
during development. Our findings suggest that certain mental
health problemsin ELBW survivors may persist into adulthood,
leading to an accumulation of morbidity over time. Therefore,
it is important that families and clinicians be aware of these
early problems and that appropriate treatment be made available
to optimize development and quality of life. Follow-up of
children born at ELBW should expand from physical and med-
ical considerations to include psychological and family services
programs (Farooqi et al., 2007), to inform planning with respect
to mental health care during development.

Summary and Conclusions

Findings from this review and meta-analysis provide substan-
tial evidence that individuals born at ELBW are at greater
overall risk for psychological difficulties than are their NBW
peers. This does not mean that, in general, infants born ex-
tremely preterm will ultimately develop mental health prob-
lems—only that the risk of developing such problems is higher
in this group than in those born at full term. The difficulties
most frequently involve attentional control, anxiety-related
problems, and social interaction problems, including social
withdrawal. Subgroup analyses suggested that these findings
are relatively robust to region of birth, secular changes in care,
and the presence of NSI. Regional differences, effects of birth
era, and NS| effects on mental health problems principally
involved attention problems, internalizing, and ASD. Parent
and teacher ratings yielded comparable group differences in
mental health symptoms between ELBW and NBW children.
Although parents were also likely to report significant atten-
tional and social difficulties in teens born at ELBW, teens
themselves identified greater attention problems and opposi-
tional behavior in typically developing adolescents born at
NBW. The wide prediction intervals for most disorders remain
to be explained, suggesting additional moderator variables be
examined in future studies.

The complex needs faced by children born extremely preterm
continue throughout development, and include mental health prob-
lems that are likely to have long-term consequences for personal
relationships, vocational success, and psychological well-being.
Innovation will be needed to develop interventions that are neu-
roprotective (Hutchinson et al., 2013; Stahimann et al., 2009), and
socially supportive (Greenley et al., 2007).
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