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CONTEXT: Although very preterm (VP), extremely preterm (EP), very low birth weight

(VLBW), and extremely low birth weight (ELBW) newborns seem to have a higher risk
of later attention-deficit/hyperactivity disorder (ADHD), the magnitude of the risk is not
well-defined.

abstract

OBJECTIVE: To systematically review and meta-analyze the risk of VP/VLBW and EP/ELBW

individuals to develop a ADHD categorical diagnosis or dimensional symptomatology
compared with controls with normal weight and/or birth age.

DATA SOURCES: We used PsycINFO, Medline, Embase, and Cochrane databases.

STUDY SELECTION: We selected cross-sectional, prospective, or retrospective studies with no

time or language restriction.

DATA EXTRACTION: Independent reviewers screened and extracted data using predefined

standard procedures.

RESULTS: In 12 studies (N = 1787), researchers relying on a categorical diagnosis showed

that both VP/VLBW and EP/ELBW subjects have a higher ADHD risk (odds ratio [OR] =
3.04 higher than controls; 95% confidence interval [CI] 2.19 to 4.21). In subgroup analyses,
we demonstrated that the more extreme the cases, the higher the ORs (VP/VLBW: OR =
2.25 [95% CI 1.56 to 3.26]; EP/ELBW: OR = 4.05 [95% CI 2.38 to 6.87]). We drew data from
29 studies (N = 3504) on ADHD symptomatology and found significant associations with
inattention (standardized mean difference [SMD] = 1.31, 95% CI 0.66 to 1.96), hyperactivity
and impulsivity (SMD = 0.74, 95% CI 0.35 to 1.13), and combined symptoms (SMD = 0.55,
95% CI 0.42 to 0.68) when compared with controls.

LIMITATIONS: Heterogeneity was significantly high for all analyses involving the 3 ADHD

dimensions.

CONCLUSIONS: With our results, we provide evidence that VP/VLBW subjects have an increased

risk of ADHD diagnosis and symptomatology compared with controls, and these findings are
even stronger in the EP/ELBW group. Future researchers should address which risk factors
related to prematurity or low birth weight lead to ADHD.
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Preterm or low birth weight (LBW)
children seem to have more cognitive
and psychiatric disorders as well as
an increased risk of attention-deficit/
hyperactivity disorder (ADHD).3
ADHD is a neurodevelopmental
disorder characterized by a
nonepisodic pattern of inattentive
and/or hyperactive or impulsive
symptoms occurring more frequently
than expected for the patient’s age.4
The worldwide ADHD prevalence
is estimated to be between 3.45 and
5.3%6 in children and adolescents,
and the disorder can persist over
time, with an adult prevalence rate
of ∼2.5%.7 Compared with those
with typical development, children
and adolescents affected by ADHD
frequently present lower educational
achievement and self-esteem and
higher levels of social impairment,
antisocial behavior, and substance
abuse as well as greater involvement
in criminal activities and traffic
accidents.8,9

specifically designed to address
the risk of VP/VLBW individuals to
develop ADHD has been published.
Moreover, significant shortcomings
are present in the few meta-analyses
in which researchers evaluated
associations between more general
neurodevelopmental disorders and
prematurity or LBW. In a previous
meta-analysis of the cognitive and
behavioral outcomes of pretermborn, school-aged children, Bhutta
et al14 limited their search to casecontrol studies and excluded articles
in which primarily LBW children
were evaluated. In addition, the
small number of included studies (7
samples from 6 studies) makes their
results less robust. Bhutta et al14
showed that children born preterm
had a 2.64-fold increased risk for
ADHD and frequently manifested
externalizing symptoms by the
time they reached school age. In
another meta-analysis,15 VP/VLBW
children’s academic achievement and
behavioral and executive functioning
were evaluated, but its literature
search was limited to a 10-year span,
which could exclude relevant studies.
The authors noted that the small
number of studies limited the power
of some correlational analyses,
and they also detected potential
publication bias in studies on teacher
ratings of behavioral problems.

Despite the data suggesting that VP/
VLBW and/or EP/ELBW is clinically
relevant to ADHD, no meta-analysis

We conducted a systematic review
and meta-analysis on the effects of
VP/VLBW on ADHD diagnosis and

Prematurity is an important
public health issue because of its
high prevalence rates and related
morbidity and mortality.1 In 2010,
the worldwide prevalence of preterm
births was estimated at 11.1% (14.9
million), and a significant amount of
these were born very preterm (VP)
(10.4%, 1.6 million) and extremely
preterm (EP) (5.2%, 0.78 million).2

Researchers in some studies suggest
a gradient correlation, by which
the higher the level of prematurity
or LBW, the higher the ADHD
prevalence10 or risk.11,12
 Thus,
VP/very low birth weight (VLBW)
and EP/extremely low birth weight
(ELBW) individuals represent the
highest risk groups for ADHD. There
is also evidence from a longitudinal
prospective cohort study13 that
ADHD diagnosis is more stable
in these groups from childhood
through adulthood than in term-born
individuals.

2

Although a definitive ADHD etiology
has not yet been elucidated, a
multifactorial interplay of genes and
noninherited factors are implicated
in its causal pathway.16 Several
pre- and perinatal factors and
preterm morbidities (eg, necrotizing
enterocolitis, periventricular
hemorrhage, leukomalacia,
bronchopulmonary dysplasia,
neonatal chronic lung disease, low
Apgar score, white matter injury,
slow head growth, etc)17 may play
a significant role in the etiology of
ADHD in premature individuals.

dimensional symptoms. Our primary
aim with this study was to verify
the risk of VP/VLBW and EP/ELBW
subjects to be given a diagnosis
of ADHD obtained by validated
diagnostic instruments. Our second
aim was to examine ADHD diagnosis
according to validated dimensional
rating scales. Additionally, we
sought to describe the most
frequent perinatal characteristics,
such as clinical/neurologic
comorbidities, found in VP/VLBW
subjects that might be associated
with the occurrence of ADHD. We
hypothesized that there would be a
strong and clinically relevant risk of
VP/VLBW children, adolescents, and
adults to develop categorically and
dimensionally defined ADHD.

Methods
Eligibility Criteria
Studies included in this systematic
review were peer-reviewed, crosssectional, prospective (including
cohorts) or retrospective follow-up
studies of subjects diagnosed with
ADHD or dimensional symptoms and
who were VP, VLBW, EP, or ELBW.
The search parameters included no
initial cutoff date, and the final search
was performed in April 2017. No
publication language was ruled out.

Participants

We included studies with children,
adolescents, and adults in which 1 or
more of the following conditions was
assessed: VP, VLBW, EP, or ELBW.
Premature or LBW individuals must
have been compared with a control
group of subjects born near or at
normal birth weight (NBW) (≥2500
g) or near, at, or over 37 weeks of
gestational age. A categorical ADHD
diagnosis must have been established
according to the Diagnostic and
Statistical Manual of Mental
Disorders, Third Edition (DSM-III);
DSM-III-R; DSM-IV; or DSM-5 criteria.
A hyperkinetic disorder diagnosis
was also accepted according to
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International Classification of
Diseases, Ninth Revision (ICD-9) or
ICD-10 criteria. Clinical assessment
must have been performed either
with validated diagnostic instruments
(Supplemental Table 3) or with
validated scales for assessing ADHD
symptoms and questions addressing
other pertinent DSM or ICD criteria.
To select adequate instruments to
assess ADHD dimensionally, we
accepted a list of scales included in a
recently published Cochrane metaanalysis on the dimensional diagnosis
of ADHD,18 and we included 2 other
instruments: the Attention Problem
scale of the Child Behavior Checklist
(CBCL) and the Hyperactivity scale
of the Strengths and Difficulties
Questionnaire (SDQ). These scales
were included because they are part
of the 2 best-known instruments
for assessing psychopathology in
children and adolescents, and their
accuracy has been tested for ADHD
symptomatology19 (Supplemental
Table 4).

Information Sources

The bibliographic search included
the PsycINFO, Medline, Embase,
and Cochrane databases. The search
strategy for each database can be
found in Supplemental Table 5.
Hand searches for published,
unpublished, and ongoing studies
were performed by reviewing the
bibliography sections of the included
full texts. We also e-mailed the most
productive researchers in the field to
obtain information on any ongoing or
unpublished studies. If the author did
not respond after 2 weeks, a second
e-mail was sent.

Study Records

Data Management
The studies were uploaded to the
Covidence production platform
(https://www.covidence.org/),
where duplicates were identified and
manually excluded. The data were
extracted to a Google spreadsheet
according to predefined criteria

(described in this section) and
independently entered by 2 authors.

Selection Process

The 2-step online selection process
began with title and abstract
screening: 3 independent reviewers
(A.P.F., G.U.B., and H.B) read the titles
and abstracts and included studies
according to the inclusion and
exclusion criteria. Any discrepancies
were resolved among the reviewers.
An independent reviewer (L.A.R.)
acted as arbitrator whenever
consensus could not be achieved.
The process concluded with fulltext screening: 4 independent
reviewers (A.P.F., G.U.B., H.B., and
C.R.M.-M.) working in pairs read the
full text of the studies selected in
step 1 to determine if the inclusion
criteria were met. At this point, any
discrepancies were resolved among
the reviewers. A third reviewer
(L.A.R.) acted as arbitrator whenever
consensus was not reached.

Data Collection Process

Data were collected and doublechecked by 2 reviewers (A.P.F. and
C.R.M.-M), with a third reviewer
(L.A.R.) acting as arbitrator. When
multiple reports from the same group
of individuals were identified, the
following inclusion criteria were
used: (1) the most complete data
necessary for the meta-analysis, (2)
age range for data collection (<18
years old), and (3) larger sample size.
Whenever necessary, the authors
were contacted by e-mail to resolve
questions emerging from the
extraction process or to request
additional data. If no response was
received from the corresponding
author, a second message was
sent after 2 weeks. If there was no
response, we sent an e-mail to the
senior author before discarding
the study from the data collection
process.

Included Data
We collected the following
information from each selected
study: first author and year of
publication; country in which the
sample was collected; place (ie,
hospital, neighborhood, or study
sample name) and year of data
collection; study design; presence of
multiple births; mean age (weeks)
and mean weight (grams) at birth;
sex; mean age or age range at ADHD
evaluation, severity of prematurity
or underweight (ie, whether VP, EP,
VLBW, or ELBW), and information
source (ie, parents, teachers, or selfreport); the name of the diagnostic
instrument and ADHD rating scale;
and clinical or neurologic and
psychiatric comorbidities.

Study Factor and Outcomes

VP and VLBW were defined as
gestational age <32 weeks and birth
weight <1500 g, respectively.20
EP and ELBW are subgroups of
VP/VLBW with higher degrees of
prematurity or LBW: <28 weeks and
<1000 g, respectively.20

The primary outcome was
categorically defined ADHD.
The diagnosis could have been
established through structured
diagnostic interviews with parents or
adult subjects. The same procedure
was applied to ADHD rating scales
filled out by subjects, parents, and/
or teachers to collect data on ADHD
dimensional symptoms.

Risk of Bias Assessment

All studies included for data
extraction were independently
assessed for bias. Two researchers
(A.P.F. and C.R.M.-M.) independently
rated the studies according to a
modified version of the NewcastleOttawa scale (NOS), which assesses
the quality of nonrandomized studies
for systematic reviews and metaanalyses.21 A similar procedure was
used in a recent publication.22 On
its original scale, a study is judged
from 3 major perspectives: (1) the
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selection of study groups, (2) the
comparability of the groups, and
(3) ascertainment of either the
exposure or outcome of interest
for case-control or cohort studies,
respectively.21 We used only the first
2 perspectives because the third item
was already part of the inclusion
criteria for our review (Supplemental
Fig 6). All 4 subitems of the
“selection” perspective could receive
a maximum score of 1 star, whereas
“comparability” could receive 2 stars.
Thus, each study could have received
a minimum of 0 stars (low quality
and high risk of bias) and a maximum
of 6 stars (high quality, low risk of
bias).

Data Synthesis

Effect sizes were calculated as odds
ratios (ORs) with 95% confidence
intervals (CIs) for categorical data
according to the number of ADHD
and non-ADHD subjects among the
VP and/or VLBW subjects, EP and/
or ELBW subjects, and controls.
To avoid 0 cases, the Cochranerecommended approach of including
0.5 was applied.23 For rating scales
with continuous data, we calculated
the standardized mean difference
(SMD) with a 95% CI. Given the
expected diversity of methodology
in the studies, we used DerSimonian
and Laird’s random-effects models,24
which incorporate the effect of
heterogeneity in the overall result
to estimate the pooled effect sizes
for both categorical and dimensional
variables. When researchers
provided data from more than 1
information source (ie, parents,
teachers, and patients) in their
studies, a priori preference was
given to parent data. To evaluate
the effect of individual studies on
effect size, the jackknife method
was applied. Jackknife sensitivity
analysis is a common procedure
used in meta-analysis to test the
stability of the outcomes. This is done
by recalculating the effect size by
removing a different study each time
4

and then repeating the analyses.25
Heterogeneity was assessed with
the I2 statistic. To further evaluate
the effects of heterogeneity, we
performed meta-regression analyses,
examining the effects of age, article
quality, the occurrence of multiple
births, information source, country,
and rating scale. For the final
multivariate meta-regression model,
we selected only those covariables
associated with a P ≤ .2 in univariate
analyses.26 In addition, we evaluated
publication bias using Egger’s
statistical test.27 Meta-analysis was
computed in the R software metapackage (version 4.7.0)28 Metaregression analyses were performed
in Stata 13.0 (StataCorp, College
Station, TX).

Results
Of 519 references identified in the
literature search, 34 studies were
included in the final analysis. In Fig 1,
we present the Preferred Reporting
Items for Systematic Reviews and
Meta-Analysis29 trial selection
flowchart. Studies included in the
final analysis are reported in Table 1
(characteristics of studies included
as categorical ADHD diagnosis
for VP/VLBW or EP/ELBW) and
Table 2 (characteristics of studies
included as ADHD rating scales with
continuous data for VP/VLBW or EP/
ELBW). The 94 full texts excluded
from the final analysis and the
reasons for their exclusion can be
found in Supplemental Table 11. The
most frequent reason for eligibility
phase exclusion was “measure
not assessing or deriving strictly
DSM or ICD ADHD diagnosis or
dimensional scores” (n = 37) (the list
of instruments accepted for inclusion
can be found in Supplemental Tables
3 and 4). E-mail correspondence with
the most productive researchers in
the field identified no ongoing or
unpublished studies.
Seven studies13,32,
 33,
 35–
 37,
 40

were entered as both diagnostic

instruments (categorical data)
and rating scales (continuous
data) in the meta-analysis. The
Extremely Premature Infants Cure
(EPICure) Study was entered in
both dimensional and categorical
analyses because the same
population was assessed at different
times and with distinct evaluation
methods: by Samara et al41 in 2008
(dimensional) and Johnson et al34
in 2010 (categorical). The same was
done for the Central-West Canadian
Cohort by Boyle et al42 in 2011
(dimensional) and Van Lieshout et
al39 in 2015 (categorical). Woodward
et al40 2017 was also entered in
both categorical and dimensional
analyses because information from
the dimensional scale (SDQ) was
collected from the subjects at 2 years
of age, and a categorical diagnosis
was obtained at 9 years of age
with the Development and Wellbeing Assessment (DAWBA). In 1
publication36 researchers included 2
cohorts, but data were only available
under request from the 2004 Pelotas
cohort data managers. The “Rainbow
Babies and Children’s Hospital”
name was given to 2 different
cohorts. The participants were born
between 1977 and 1979 for one49
and between 1992 and 1995 for the
other.50

Twelve studies involving 1787
subjects were included in the
categorical diagnosis analysis.
Subjects’ mean age and birth weight
ranged from 2637 to 30.613 weeks and
from 81837 to 1320 g,13 respectively.
Researchers reported patient
assessment during childhood in 8
studies,13,32,
 34
 – 38,
 40
 during adoles
cence in 3 studies,30,31,
 33 and during
adulthood in 1 study.39 Researchers
reported female predominance
in 5 studies,30,31,
 35,
 37,39
 male
predominance in 4 studies,13,33,
 38,
 40
and did not report on sex in 3
studies.32,34,
 36

Twenty-nine studies (3504
individuals) were included for
analysis of ADHD symptomatology
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in this group of studies according
to Egger’s test (t = 0.89
[P = .39]).

The sensitivity analysis is presented
in Supplemental Table 6. In the EP/
ELBW group, the procedure did not
change the OR significantly, but the
exclusion of Burnett et al30 (2014)
and Scott et al37 (2012) dropped the
heterogeneity from 34% to 0%
(P = .50). In the overall analysis, there
was no significant change in the OR,
but the heterogeneity dropped from
17% (P = .27) to 0% (P = .56 and
P = .85) with the exclusion of
Breeman et al13 (2016) and Scott
et al37 (2012), respectively.

Prematurity, LBW, and ADHD
Symptomatology

FIGURE 1

Study selection flowchart.

according to ADHD rating scales. The
age and birth weight ranged from
24.955 to 31 weeks62 and from 71947
to 1320 g,13 respectively. Researchers
assessed ADHD during childhood
in 23 studies,* during adolescence
in 4 studies,33,45,
 47,
 54
 and during
adulthood in 2 studies.42,49 We again
found a predominance of female
subjects in the 15 studies.†
In both the categorical (Table 1) and
the dimensional (Table 2) studies,
clinical or neurologic correlates and
psychiatric comorbidities were only
sporadically reported, so no further
analysis could be performed.
*Refs 13,3 2,35–37,40,41,43,44,46,48,50–53,55–62.
†Refs 35,37,42,45,47–51,53,56,58–60,62.

Prematurity, LBW, and ADHD
Diagnosis
We found a significant risk of both
VP/VLBW and EP/ELBW subjects
to develop ADHD (pooled OR = 3.04
[95% CI 2.19 to 4.21], I2 = 17%,
P = .27), as shown in Fig 2. The
subgroup analysis demonstrated
that the more extreme the case,
the higher the OR (VP/VLBW: OR =
2.25 [95% CI 1.56 to 3.26], I2 = 0%,
P = .82; EP/ELBW: OR = 4.05 [95%
CI 2.38 to 6.87], I2 = 34%, P = .21).
The subgroup analysis according to
raters showed an OR = 3.13 (95%
CI 2.10 to 4.68), I2 = 27%, P = .20
for parents and an OR = 2.53 (95%
CI 1.31 to 4.89), I2 = 0%, P = .41 for
patients (Supplemental Fig 7). No
potential publication bias was found

The forest plot of the overall pooled
SMD for inattention, hyperactivity
or impulsivity (H/I), and combined
symptoms are presented in Figs 3–5.
Compared with controls, the SMD
was significantly higher for H/I
(SMD = 0.74 [95% CI 0.35 to 1.13],
I2 = 95%, P < .01), inattention
(SMD = 1.31 [95% CI 0.66 to 1.96],
I2 = 97%, P < .01), and combined
symptoms (SMD = 0.55 [95% CI 0.42
to 0.68], I2 = 81%, P < .01) because no
intervals crossed the 0 axis. On the
other hand, the comparison among
the 3 dimensions is not significant
because all 95% CIs are included in the
same range, as demonstrated
in Figs 3–5.
The overall heterogeneity was high
for all 3 dimensions except the
combined dimension in the VP/
VLBW group (moderate I2 = 54%,
P < .01). No potential publication
bias was found, as demonstrated by
Egger’s test (t = 2.10 [P = .07] and t =
1.81 [P = .10] for inattention and H/I,
respectively). However, a potential
bias was detected for the combined
dimension (t = 2.38 [P = .02]).

The sensitivity analysis for the
combined presentation can be
found in Supplemental Table 7. The
exclusion of Dahl et al45 (2006) and
Hack et al49 (2004) reduced the
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Liverpool Maternity
Hospital (January
1980 to June 1981)

New York City
metropolitan area
University Hospital
in Trondheim
(1986–1988)
EPICure Study: United
Kingdom and
Ireland (March to
December 1995)

Cooke and
Abernethy,31
1999

Hatch et al,32
2014a
Indredavik
et al,33
2010a
Johnson
et al,34
2010b

Victorian Infant
Brain Studies
(2001–2003)

Central-West Ontario
(1977–1982)

Treyvaud
et al,38
2013

Van Lieshout
et al,39
2015d

Dublin Maternity
McNicholas
Hospital (1995–
et al,35
2015a
1996)
Murray et al,36 2004 Pelotas cohort
2016a,c
Scott et al,37
Rainbow Babies and
2012a
Children’s Hospital
(2001–2003)

The Bavarian
Longitudinal Study
(1985–1986)
Victorian Infant
Collaborative
Study Group
(1991–1992)

Sample (Birth y)

Breeman
et al,13
2016a
Burnett et al,30
2014

Author, y

148

United
States

Canada

84

177

48

Brazil

Australia

64

27.05

27.5

829

975

818

≤1500

≤32
26

1172

30

NS

≤26

219

1180

29

65

978.06

1103

1218

1320

Mean
wt at
Birth
(g)

NS

28.6

26.6

30.6

Mean Age at
Birth, wk (Mean
or Range)

197

Ireland

United
Kingdom

United
States
Norway

87

215

Australia

United
Kingdom

260

N

Germany

Country

32.02

7

5.96

6.7

11.6

11

14

3–4

13

17.9

6–8

Age at
Evaluation,
y (Mean or
Range)

37

53

46

NS

37.5

NS

54

NS

46

45

53.1

Male
(%)

TABLE 1 Characteristics of Studies Included as Categorical ADHD Diagnosis for VP/VLBW or EP/ELBW Subjects

MINI

DAWBA

P-ChIPS

DAWBA

DAWBA

DAWBA

K-SADSPL
K-SADSPL

CAPA

CHIPS

MPI

Scale

Subject

Parents

Parents

Parents

Parents

Parents

Parents

Parents

Parents

Subject

Parents

Rater

SGA: 26 (31); ACU:
46 (39)

SGA: 16 (9); GBA:
117 (66.1); NDD: 9
(5.08)

NS

NS

IVH: 12 (18.7); ACU:
40 (62.5)

NS

IVH: 11 (4)

PVH: 19 (21.8); MCL: 2
(2.2); convulsions:
7 (8); PBC: 22
(25.2%)
NS

MNBI: 22 (10); SGA: 34
(16); PCU: 31 (67)

SGA: 108 (41.5); Sev.D:
50 (19.2)

Clinical or Neurologic
Comorbidities, n (%)

ODD: 27 (19); CD: 8 (6);
Soc. P: 9 (6); Spe.
P: 24 (6); SAD: 8 (6);
GAD: 4 (3)
SAD: 6 (3); Spe. P: 7
(4); GAD: 4 (2%);
depression: 1 (0.5);
ODD: 3 (2)
Anx.D: 14 (16.6); AB: 7
(8.3); APP: 17 (20.2);
depression 13 (15.4)

NS

Aut.D: 16 (8); SAD: 5
(2.5); Spe.P: 3 (1.5);
Soc.P: 1 (0.5); PTSD:
1 (0.5); GAD: 4 (2);
MD: 3 (1.5); ODD: 11
(5); CD: 1 (0.5); TD:
2 (1)
ADNS: 8 (12.5); CD: 1
(1.5); Asp.D: 3 (4.6)

NS

NS

MDD: 28 (14); BP: 1
(0.5); DD: 6 (3);
GAD: 10 (5); Soc.P:
2 (1); Spe.P: 8 (4);
PTSD: 3 (1); PD: 5
(2); agoraphobia: 1
(0.5); OCD: 4 (2)
NS

NS

Psychiatric
Comorbidities, n (%)

5
5

4

4

—

—

—

4

—
—

5

—

—

4

—

5

4

—

—

5

—
4

Cohort

CaseControl

NOS

Christchurch
Women’s Hospital
(November 1998 to
December 2000)

Woodward
et al,40
2017a

N

223

Country

New
Zealand

27.81

Mean Age at
Birth, wk (Mean
or Range)

Mean
wt at
Birth
(g)
1054.4

Age at
Evaluation,
y (Mean or
Range)
9
51

Male
(%)

DAWBA

Scale

Parents

Rater

MSWMA: 17 (17); IVH
grade 3–4: 6 (6);
SPNE: 7 (7)

Clinical or Neurologic
Comorbidities, n (%)

CD 7 (7); Anx.D: 7 (7);
depression 3 (3);
ASD: 3 (3)

Psychiatric
Comorbidities, n (%)
Cohort
6

—

NOS
CaseControl

AB, antisocial behavior; ACU, antenatal corticosteroid use; ADNS, anxiety disorders (not specified); Anx.D, anxiety disorder; APP, avoidant personality problems; ASD, autism spectrum disorder; Asp.D, Asperger disorder; Aut.D, autistic disorder;
BP, bipolar disorder; CAPA, Child and Adolescent Psychiatric Assessment; CD, conduct disorder; CHIPS, Cohen-Hoberman Inventory of Physical Symptoms; DD, dysthymic disorder; GAD, generalized anxiety disorder; GBA, global brain abnormality;
IVH, intraventricular hemorrhage; K-SADS-PL, Schedule for Affective Disorders and Schizophrenia for School-age Children-Present and Lifetime Version; MCL, minor cystic leucomalacia; MDD, major depressive disorder; MINI, Mini International
Neuropsychiatric Interview; MNBI, major neonatal brain injury; MPI, Mannheim Parent Interview; MSWMA, moderate to severe white matter abnormality; NDD, neurodevelopmental disability; NS, not stated; OCD, obsessive-compulsive disorder; ODD,
oppositional defiant disorder; PBC, positive blood culture; P-ChIPS, Children’s Interview for Psychiatric Syndromes-Parent Version; PCU, postnatal corticosteroid use; PD, panic disorder; PTSD, posttraumatic stress disorder; PVH, periventricular
hemorrhage; SAD, separation anxiety disorder; Sev.D, severe disability (IQ ≤2 SDs, cerebral palsy grade 3 or 4, or blindness or deafness); SGA, small for gestational age; Soc.P, social phobia; Spe.P, specific phobia; SPNE, suspected or proven
necrotizing enterocolitis; TD, tic disorder; —, not applicable.
a These studies also contributed with data from ADHD rating scales for the meta-analysis of dimensional data.
b Results of this study are also reported in Samara et al41 (2008).
c Results for the Pelotas cohort were obtained after requirement. Contacts with the Avon Longitudinal Study of Parents and Children investigators were not successful.
d Results of this study are also reported in Boyle et al42 (2011).

Sample (Birth y)

Author, y

TABLE 1 Continued

The most important modifications
in the sensitivity analysis for H/I
(Supplemental Table 8) were the
lack of significance in the VP/
VLBW analysis with the exclusion
of Brogan et al44 (2014), Hack et
al49 (2004), Hanke et al51 (2003),
Indredavik et al33 (2010), and LevyShiff et al54 (1994). The exclusion of
Grunewaldt et al48 (2014) reduced
the heterogeneity from 92%
(P < .01) to 0% (P = .45) in the EP/
ELBW group. Regarding inattention
(Supplemental Table 9), the exclusion
of Brogan et al44 (2014), Hack et al49
(2004), and Indredavik et al33 (2010)
resulted in a lack of significance in
the VP/VLBW analysis. Heterogeneity
dropped from high to moderate after
the exclusion of Grunewaldt et al48
(2014) and Indredavik et al33 (2010)
in the EP/ELBW and VP/VLBW
groups, respectively. The exclusions
altered neither the significance of the
overall SMD nor the heterogeneity in
either dimension.

heterogeneity from moderate to low
levels in the VP/VLBW group. In the
EP/ELBW group, the exclusion of
Grunewaldt et al48 (2014) reduced
the heterogeneity from 90% to
72%, whereas the study’s exclusion
reduced heterogeneity in the overall
analysis from 81% (P < .01) to 62%
(P < .01).

Meta-regression

A meta-regression was not
performed for categorically defined
ADHD because low heterogeneity
was found in the meta-analysis of this
group.

With respect to the ADHD rating
scales, we performed individual
analyses for continuous and
categorical covariables to better
understand their heterogeneity.
We included 1 covariable into the
model at a time for each of the
ADHD symptom dimensions: age,
article quality, country, occurrence
of multiple births, and information
source (raters). As shown in
Supplemental Table 10, countries
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Central-West Ontario
(1977–1982)
The Bavarian Longitudinal
Study (1985–1986)
Premature Infants’ Skills
in Mathematics study
(September 2001 to
August 2003)
Two counties of Norway
(1998–2004)

VU University Medical
Center Amsterdam
(September 2001 to
July 2003)
British Columbia’s
Children’s Hospital
(January 1981 to
February 1986)
Trondheim University
Hospital (1999–2001)

Rainbow Babies and
Children’s Hospital
(1977–1979)

Boyle et al,42
2011a
Breeman et al,13
2016b
Brogan
et al,44 2014

de Kieviet et al,46
2012

Hack et al,49
2004

Grunewaldt
et al,48 2014

Grunau et al,47
2004

Dahl et al,45
2006

State of Victoria (January
to December 1997)

Sample (Birth y)

Anderson et al,43
2011

Author, y

117

United
Kingdom

United States

Norway

Canada

Netherlands

241

31

53

66

99

260

Germany

Norway

142

189

N

Canada

Australia

Country

29.7

26.1

25.8

29.3

29.3

28.6

30.6

26.8

26.5

Mean
Age at
Birth,
wk
(Mean
or
Range)

1179.51

773

719

1241

1188

1218

1320

835

833

Mean
wt at
Birth
(g)

20

10.2

17.3

7.5

13–18

9.7

6–8

23.2

8.1

Age at
Evaluation,
y (Mean or
Range)

48.1

48

32

50

44.4

55

53.1

43.7

NS

Male
(%)

ADHD-RS,
YASR

ADHD-RS

CBCL

CBCL

CBCL, YSR

DuPaul
ADHD-RS,
SDQ

Barkley,
YASR
CBCL

Conners

Scale

Rater

Parents,
subject

Parents

Parents

Parents

Parents,
subject

Parents,
teachers

Parents

Subject

Parents

TABLE 2 Characteristics of Studies Included as ADHD Rating Scales With Continuous Data for VP/VLBW or EP/ELBW Subjects

IVH: 11 (47); sepsis: 7
(30.4); PDA: 7 (30);
ACU: 18 (58); PCU:
12 (39)
NS

CP: 8 (8.1); IVH grade
3–4: 2 (3.9); BD: 11
(13.6); sepsis: 10
(10.1); PDA: 13 (13.3)
SGA: 18 (27.3); sepsis:
42 (63.6); BD: 19
(28.8); IVH: 14 (21.2)
ACU: 53 (80.3)
SGA: 9 (17)

CP: 22 (12); IVH grade
3–4: 7 (4); CPL: 6
(3%); NE: 10 (5); RP:
97 (51%); BD: 119
(63); ACU: 166 (88);
PCU: 70 (37)
SGA: 35 (26.8); NI: 23
(27)
SGA: 108 (41.5); Sev.D:
50 (19.2)
NS

Clinical or Neurologic
Comorbidities, n (%)

NS

NS

NS

NS

NS

NS

NS

NS

NS

Psychiatric
Comorbidities,
n (%)

—

4

4

—

—

—

—

5

5

4

—

5

—
4

4

5

—

—

Cohort

CaseControl

NOS
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Department of Pediatrics
in Marburg (January
1994 to December
1996)
New York City
metropolitan area
Kaohsiung Medical
University Hospital and
Kaohsiung Municipal
Hsiao-Kang Hospital
University Hospital in
Trondheim (1986–1988)
Southeast region of
Sweden (January 1998
to December 1998)

Hanke et al,51
2003

Brazil
Canada

2004 Pelotas cohort

Ste-Justine Hospital
(January 1987 to
October 1990)

Murray,36
2016b,c
Nadeau et al,56
2001

Ireland

Dublin Maternity Hospital
(1995–1996)

McNicholas
et al,35 2015b

61

48

64

344

Sweden

51

Sweden

90

65

Norway

Israel

20

Taiwan

Kaplan Hospital and
Beilinson Hospital
EXPRESS (April 2004–
March 2007)

197

60

219

N

United States

Germany

United States

Country

Levy-Shiff
et al,54 1994
Månsson et al,55
2014

Indredavik
et al,33 2010b
Leijon et al,53
2016

Hatch et al,32
2014b
Huang et al,52
2012

Rainbow Babies and
Children’s Hospital
(1992–1995)

Sample (Birth y)

Hack et al,50
2009

Author, y

TABLE 2 Continued

1024.3

≤1500

≤32
27.4

1172

780

1190

1105

1180

<1500

978.06

1124

810

Mean
wt at
Birth
(g)

30

24.9

29

28.8

29

28.95

NS

29

Mean
Age at
Birth,
wk
(Mean
or
Range)
26.4

7

6.7

11.6

2.5

13.3

7.8

14

2

3–4

6.2

8

Age at
Evaluation,
y (Mean or
Range)

49

NS

38

54.7

NS

37.2

54

64

NS

45

41

Male
(%)

CBCL, TRF

SDQ

SDQ

CBCL

Conners

CBCL

ADHD-RS

DBRSToddler

ADHD-RS

CBCL, HKS

CSI-4

Scale

Parents,
teachers

Parents

Parents,
subject,
teachers

Parents

Parents

Parents

Parents

Parents,
teachers
Parents

Parents

Parents

Rater

NS

NS

SGA: 62 (18); CP: 21
(6.1); IVH: 30 (8.7);
PL: 14 (4.1); BD: 80
(23.2); NE: 18 (5.2);
RP 115 (33.4)
IVH: 12 (18.7)

SGA: 24 (37); CP: 8 (12);
IVH: 11 (4)
BD: 14 (27); RDS: 23
(45); sepsis: 14 (28);
SGA: 29 (27); IVH: 1
(2); PL: 2 (5); RP: 2 (4)
NS

0

NS

SGA: 11 (18.3); IVH: 16
(26.6); BD: 20 (33.3)

BD: 93 (43); sepsis: 108
(49); NE: 11 (5); IVH
or PL: 51 (23)

Clinical or Neurologic
Comorbidities, n (%)

NS

ADNS: 8 (12.5);
CD: 1 (1.5);
Asp.D: 3
(4.6)
NS

NS

NS

NS

NS

0

NS

ODD: 12 (6); CD:
19 (9); GAD:
7 (3); MDD:
4 (2); Aut.D:
4 (2); Asp.D:
3 (1); Soc.P:
16 (7); SAD:
9 (4); Spe.P:
108 (50)
NS

Psychiatric
Comorbidities,
n (%)

4

—

—

5

4

—

—

—

—

—

—

—

—

Cohort

—

NOS

4

1

5

5

3

4

4

5

CaseControl

10
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243
28

Sweden

Ireland
United States

Southern Swedish
population (1985–1986)

Royal Maternity Hospital
(1978–1981)
NICU of the University
of North Carolina
Hospitals (1980)
Policlinico Gemelli
(1991–1993)
Christchurch Women’s
Hospital (November
1998 to December
2000)
36
223

Italy
New Zealand
27.81

31

28

30.4

27.1

26.4

1054.4

1120

905

1272

1042

838.2

818

740

1302.1

Mean
wt at
Birth
(g)

2

4.9

6.2

7.43

10.5

7–9

5.96

6

8.2

Age at
Evaluation,
y (Mean or
Range)

51

41.6

50

41

41

48.8

46

50.2

69

Male
(%)

SDQ

Conners

Conners

TRF

CBCL

ADHD-RS

CBCL

SDQ

SDQ

Scale

Parents

Parents

Parents

Teachers

Parents,
teachers
Parents

Parents,
teachers
Parents

Parents

Rater

MSWMA: 17 (17); IVH
grade 3–4: 6 (6);
SPNE: 7 (7)

SGA: 10 (37); MSD: 3
(12); VI: 3 (12); HL:
2 (7)
NS

IVH: 6 (3)

SGA: 9 (15); IVH: 13 (21);
BD: 11 (18)

NS

CP: 41 (17.4);
VM: 76 (31.5)
NS

RDS: 45 (77.6); AP: 46
(79.3); BD: 3 (5.2)

Clinical or Neurologic
Comorbidities, n (%)

CD 7 (7);
Anx.D: 7 (7);
depression
3 (3); ASD:
3 (3)

NS

NS

NS

NS

ODD: 27 (19);
CD: 8 (6);
Spe.P: 24 (6);
Soc.P: 9 (6);
SAD: 8 (6);
GAD: 4 (3)
NS

NS

NS

Psychiatric
Comorbidities,
n (%)

—
6

—

—

—

—

1

4

2

5

—

5

—

3

5

3

—

—

Cohort

NOS
CaseControl

AB, antisocial behavior; ACU, antenatal corticosteroid use; ADHD-RS, ADHD rating scale-IV; ADNS, anxiety disorders (not specified); AP, apnea of prematurity; APP, avoidant personality problems; Asp.D, Asperger disorder; Aut.D, autistic disorder;
BD, bronchopulmonary dysplasia; CD, conduct disorder; CP, cerebral palsy; CPL, cystic periventricular leukomalacia; CSI-4, Child Symptom Inventory-4; DBRS-Toddler, Disruptive Behavior Rating Scale-Toddler; EXPRESS, Extremely Preterm Infants in
Sweden Study; GAD, generalized anxiety disorder; HL, hearing loss; HKS, Questionnaire of Hyperactivity Symptoms; IVH, intraventricular hemorrhage; MDD, major depressive disorder; MSD, mild spastic diplegia; MSWMA, moderate to severe white
matter abnormality; NE, necrotizing enterocolitis; NI, neurosensory impairment; ODD, oppositional defiant disorder; PCU, postnatal corticosteroid use; PDA, patent ductus arteriosus; PL, periventricular leukomalacia; PTSD, posttraumatic stress
disorder; RDS, respiratory distress syndrome; RP, retinopathy of prematurity; SAD, separation anxiety disorder; Sev.D, severe disability (IQ ≤2 SDs, cerebral palsy grade 3 or 4, or blindness or deafness); SGA, small for gestational age; Soc.P, social
phobia; Spe.P, specific phobia; SPNE, suspected or proven necrotizing enterocolitis; TD, tic disorder; VI, visual impairment; VM, ventriculomegaly; YASR, Young Adult Self-Report and Young Adult Behavior Checklist; YSR, youth self-report; —, not
applicable.
a Results of this study are also reported in Van Lieshout et al39 (2015).
b These studies also contributed with data from ADHD rating scales for the meta-analysis of categorical data.
c Results for the Pelotas cohort were obtained after requirement. Contacts with the Avon Longitudinal Study of Parents and Children investigators were not successful.
d Results of this study are also reported in Johnson et al34 (2010).

Torrioli et al,62
2000
Woodward
et al,40 2017b

65

45

26

148

Australia

≤25

Mean
Age at
Birth,
wk
(Mean
or
Range)
29.7

241

Mater Children’s Hospital

United
Kingdom
United States

58

N

Shum et al,58
2008
Stjernqvist and
Svenningsen,59
1999
Sykes et al,60
1997
Teplin et al,61
1991

Samara et al,41
2008d
Scott et al,37
2012b

Switzerland

Country

University Children’s
Hospital Basel (June
2001 to December
2005)
Study (March through
December 1995)
Rainbow Babies and
Children’s Hospital
(2001–2003)

Sample (Birth y)

Perkinson-Gloor
et al,57 2015

Author, y

TABLE 2 Continued

reaching a flexible P ≤ .2 were to be
included in a final multivariate metaregression model; however, this was
not feasible because of the lack of
additional covariables.

Discussion

FIGURE 2

Forest plot for ADHD diagnosis categorically defined.

FIGURE 3

Forest plot for ADHD inattentive symptoms. df, degrees of freedom.

FIGURE 4

Forest plot for ADHD H/I symptoms. df, degrees of freedom.

In this systematic review and metaanalysis, we evaluated the risk of VP/
VLBW and EP/ELBW individuals to
develop ADHD, emphasizing welldefined categorical and dimensional
diagnoses and providing evidence
of robust associations. In 12
categorical diagnosis studies in which
researchers assessed a total of 1787
subjects, it is suggested that VP/
VLBW and EP/ELBW individuals are
∼3 times more likely to be diagnosed
with ADHD than term-born controls.
In the VP/VLBW group, this
likelihood is approximately doubled,
whereas in the EP/ELBW group it
is increased fourfold. Furthermore,
in 29 studies on ADHD symptoms
involving a total of 3504 individuals,
researchers demonstrated that both
inattention and H/I symptoms are
similarly associated with VP/VLBW
newborns, with large effect sizes
found for the inattention and H/I
dimensions and a moderate effect
size for the total symptom scores.

Researchers in previous studies
have suggested similar findings. In
a meta-analysis of the cognitive and
behavioral outcomes of pretermborn, school-aged children, Bhutta et
al14 (2002) also found a significantly
higher risk of an ADHD diagnosis
in preterm infants than controls
(OR = 2.64, 95% CI 1.85 to 3.78). In
addition, they found that preterm
children were at significant risk
of reduced cognitive performance
and other non–developmentally
expected behaviors at school age.
Interestingly, they found a gradient
correlation because gestational
age and birth weight were directly
proportional to the mean cognitive
test scores. Moreover, in a metaanalysis on academic achievement,
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FIGURE 5

Forest plot for ADHD combined symptoms. df, degrees of freedom.

behavioral problems, and executive
function, Aarnoudse-Moens et al15
(2009) found that attention problems
measured by teachers and parents
via the CBCL or Teacher Report Form
(TRF) were more pronounced in VP/
VLBW children than in NBW controls.
They also found a strong correlation
between adverse outcomes and
level of maturity at birth: smaller
and more premature children were
more prone to internalizing and
externalizing behavior problems and
poor academic achievement than
heavier, more mature infants.

The idea of a gradient correlation10– 12

between prematurity or LBW and
ADHD is endorsed by our finding
of higher ADHD risk in the EP/
ELBW group than the VP/VLBW
group. Regarding the ADHD
presentations, we found a similar
risk for both inattentive and H/I
types. Researchers conducting
previous investigations have
reported that EP had only a risk to
develop the ADHD inattentive type34,50
whereas others have reported a
risk for both ADHD inattentive
12

type and H/I.34,43
 Furthermore,
we found a predominance of
female subjects in the VP/VLBW
groups, although ADHD is typically
associated with a high prevalence
among male subjects in the general
population.63 Researchers in
several studies have suggested
that preterm-born individuals
with ADHD have phenotypic
specificities that diverge from their
nonpremature ADHD counterparts.
These include a predominance
of inattention symptoms, less
psychiatric comorbidity,64,65 higher
diagnostic stability from childhood
to adulthood,13 more perinatal
clinical or neurologic complications,
and major disabilities.13,15,
 30,
 66,67
 In
addition, the preponderance of male
subjects, which is typically seen in
nonpremature ADHD, was also not
observed in preterm subjects.64

Despite the fact that both clinical
or neurologic and psychiatric
comorbidities were reported in
some of the studies, further analyses
were not possible because of the
heterogeneity of the data described.

It is important to note that our
findings suggesting a robust risk
of VP/VLBW subjects to develop
ADHD are similar to those found in
other behavioral and psychiatric
disorders. In a previous metaanalysis, Burnett et al68 (2011)
showed that a prevalence of any
psychiatric diagnosis in preterm
or LBW individuals was 3.66 times
higher (95% CI 2.57 to 5.21) than
NBW controls. Similarly, they found
a high risk for anxiety or depressive
disorder (OR = 2.86, 95% CI 1.73 to
4.73), although they did not provide
data on ADHD or other psychiatric
diagnoses. Another meta-analysis69
found a significant association
between autism diagnosis and
LBW but not preterm birth. The
reasons for increased vulnerability
to ADHD and behavioral and
psychiatric problems in preterm or
LBW individuals remain unknown,
but a number of hypotheses have
been put forward. These include
pre- and postnatal adversities, such
as the environmental problems
they must face, as well as parental
and biological issues such as
hypothalamic-pituitary-adrenal
axis dysregulations and perinatal
systemic inflammation, which could
cause structural and functional
brain disorders such as ADHD and
other psychiatric and developmental
disorders.17,68,
 70– 72


Certain limitations should be
considered when interpreting our
findings. First, potentially important
articles were excluded during
the eligibility phase for not using
validated diagnostic instruments
or the rating scales selected in our
protocol. Second, many studies
were excluded because of different
data definitions (ie, different
categorizations for prematurity or
birth weight levels). Third, although
excluding gray literature from
our review may have led to the
overrepresentation of studies with
statistically significant findings,73 the
OPEN consortium74 demonstrated
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in a recent systematic review that
the exclusion of such studies has
a negligible impact on effect sizes.
Fourth, the heterogeneous reporting
of clinical or neurologic correlates
in VP/VLBW individuals precluded
us from comparing those that did
and did not develop ADHD for these
variables. Fifth, substantially high
heterogeneity was found for all 3
ADHD dimensions, indicating that
there is clinical or methodological
diversity among studies.23 It is
important to note that potential
explanatory variables (age, article
quality, country, occurrence of
multiple births, and information
source) entered in meta-regression
analyses could not explain such
variability. Sixth, our analyses
included studies spanning a 30-year
period (1977–2007). Although
the lack of publication date limits
increased the number of subjects
in the analysis, the VP/VLBW
subjects might not have the same
perinatal profile over time given the
advances in care management.75
Such a limitation was also reported in
Bhutta et al’s14 2002 meta-analysis.
Moreover, we also assumed that
the different classification systems
and versions (DSM-III, DSM-III- R,
DSM-IV, DSM-5, ICD-9 or ICD10) had similar ADHD diagnostic
performance. Seventh, the ADHD
risk found in our meta-analysis
adequately represents the risk
in high-income countries, but it
cannot be generalized to middle- or

low-income countries. Among
the 34 included studies, only the
2004 Pelotas cohort36 came from a
middle-income country. In middleand low-income countries, the risk
mechanisms could vary because of
different determinant profiles.36 As
for the strengths of our review, we
performed a broad literature search
of cohort, case-control, and crosssectional studies with no language
restriction, allowing us to find a
substantial number of articles. Most
importantly, our strict inclusion
criteria allowed only studies with
a well-defined ADHD categorical
diagnosis in the meta-analyses,
unlike previous systematic reviews
and meta-analyses.14,15


Conclusions
In conclusion, with our findings we
provide robust evidence that VP/
VLBW individuals have an increased
risk of ADHD both in categorical
and dimensional analyses, and there
is an even stronger association in
the EP/ELBW group. In terms of
clinical applicability, we suggest
that premature infants need
specific neonatology, pediatric,
and psychiatric prevention and
management interventions to
minimize the ADHD burden. Future
researchers in this field should
clarify specific causal determinants
associated with prematurity
and LBW that could lead to the
development of ADHD.

Acknowledgments
We would like to thank Burt Hatch,
Gerry Taylor, G.J.Q. Verkerk, Kristine
Hermansen Grunewaldt, Nori
Mercuri Minich, and Stephanus
Theron Potgieter for contributing
requested data.

Abbreviations
ADHD: a ttention-deficit/hyperactivity disorder
CBCL: C
 hild Behavior Checklist
CI: c onfidence interval
DAWBA: Development and
Well-being Assessment
DSM: D
 iagnostic and Statistical
Manual of Mental
Disorders
ELBW: extremely low birth
weight
EP: extremely preterm
EPICure: E
 xtremely Premature
Infants Cure
H/I: hyperactivity or
impulsivity
ICD: I nternational Classification
of Diseases
LBW: low birth weight
NBW: n
 ormal birth weight
NOS: Newcastle-Ottawa scale
OR: odds ratio
SDQ: Strengths and Difficulties
Questionnaire
SMD: standardized mean
difference
TRF: T
 eacher Report Form
VLBW: very low birth weight
VP: v
 ery preterm

de Clínicas de Porto Alegre and Federal University of Rio Grande do Sul, Porto Alegre, Rio Grande do Sul, Brazil; and hNational Institute of Developmental Psychiatry for Children and
Adolescents, São Paulo, Brazil

Dr Franz conceptualized and designed the study, helped in data collection, and drafted the initial manuscript; Drs G. Bolat, H. Bolat, Silveira, Procianoy,
Matijasevich, and Santos helped in data collection and critically reviewed the manuscript; Dr Rohde conceptualized and designed the study, helped in data
collection, and critically reviewed the manuscript; Dr Moreira-Maia conceptualized and designed the study, helped in data collection, conducted the analyses, and
reviewed the manuscript; and all authors approved the final manuscript as submitted and agree to be accountable for all aspects of the work.
This trial has been registered with PROSPERO (identifier CRD42016049421) (http://www.crd.york.ac.uk/PROSPERO/display_record.asp?ID=CRD42016049421).
DOI: https://doi.org/10.1542/peds.2017-1645
Accepted for publication Oct 13, 2017
Address correspondence to Carlos Renato Moreira-Maia, MD, PhD, Postgraduate Program in Psychiatry, Federal University of Rio Grande do Sul, Rua Ramiro
Barcelos, 2350, 400 N, Bairro Santana, Porto Alegre, Rio Grande do Sul, 90035-903, Brazil. E-mail: crm.maia@gmail.com
PEDIATRICS (ISSN Numbers: Print, 0031-4005; Online, 1098-4275).
Copyright © 2018 by the American Academy of Pediatrics

PEDIATRICS Volume 141, number 1, Downloaded
January 2018 from http://pediatrics.aappublications.org/ by guest on December 18, 2017

13

FINANCIAL DISCLOSURE: Drs Moreira-Maia, Matijasevich, and Santos receive financial research support from a Brazilian government agency: Conselho Nacional
de Desenvolvimento Científico e Tecnológico (CNPq). Dr Rohde receives financial research support from both Coordination for the Improvement of Higher
Education Personnel and CNPq; the other authors have indicated they have no financial relationships relevant to this article to disclose.
FUNDING: The Fundo de Incentivo à Pesquisa e Eventos and the Programa de Transtornos de Déficit de Atenção e Hiperatividade of the Hospital de Clínicas de
Porto Alegre supported the study.
POTENTIAL CONFLICT OF INTEREST: Dr Moreira-Maia received fees for the development of educational materials for Novartis, Libbs, and Pfizer and served as a
consultant to or on the speakers’ bureau of Novartis and Shire. Dr Moreira-Maia also received travel awards from the Health Technology Assessment Institute
and the Federal University of Rio Grande do Sul and travel, accommodation, and registration support to the fourth and fifth World Congress on attention-deficit/
hyperactivity disorder (ADHD) from the World Federation of ADHD. Dr Rohde has received grant or research support from, served as a consultant to, and served
on the speakers’ bureau of Eli Lilly and Co, Janssen, Medice, Novartis, and Shire. The ADHD and Juvenile Bipolar Disorder Outpatient Programs chaired by Dr
Rohde have received unrestricted educational and research support from the following pharmaceutical companies: Eli Lilly and Co, Janssen, Novartis, and
Shire. Dr Rohde has received travel grants from Shire to take part in the 2015 World Congress on ADHD; the other authors have indicated they have no potential
conflicts of interest to disclose.
COMPANION PAPER: A companion to this article can be found online at www.pediatrics.org/cgi/doi/10.1542/peds.2017-3488.

References
1.	Frey HA, Klebanoff MA. The
epidemiology, etiology, and costs of
preterm birth. Semin Fetal Neonatal
Med. 2016;21(2):68–73
2.	Blencowe H, Cousens S, Oestergaard
MZ, et al. National, regional, and
worldwide estimates of preterm birth
rates in the year 2010 with time trends
since 1990 for selected countries: a
systematic analysis and implications.
Lancet. 2012;379(9832):2162–2172
3.	Linnet KM, Wisborg K, Agerbo E,
Secher NJ, Thomsen PH, Henriksen TB.
Gestational age, birth weight, and the
risk of hyperkinetic disorder. Arch Dis
Child. 2006;91(8):655–660

9.	Langley K, Fowler T, Ford T, et al.
Adolescent clinical outcomes for
young people with attention-deficit
hyperactivity disorder. Br J Psychiatry.
2010;196(3):235–240
10.	Anderson P, Doyle LW; Victorian
Infant Collaborative Study Group.
Neurobehavioral outcomes of schoolage children born extremely low birth
weight or very preterm in the 1990s.
JAMA. 2003;289(24):3264–3272

15.	Aarnoudse-Moens CS, WeisglasKuperus N, van Goudoever JB,
Oosterlaan J. Meta-analysis of
neurobehavioral outcomes in
very preterm and/or very low
birth weight children. Pediatrics.
2009;124(2):717–728
16.	Thapar A, Cooper M, Jefferies R,
Stergiakouli E. What causes attention
deficit hyperactivity disorder? Arch Dis
Child. 2012;97(3):260–265
17.	O’Shea TM, Downey LC, Kuban KK.
Extreme prematurity and attention
deficit: epidemiology and prevention.
Front Hum Neurosci. 2013;7:578

4.	American Psychiatric Association.
Diagnostic and Statistical Manual of
Mental Disorders. 5th ed. Washington,
DC: American Psychiatric Association;
2013

11.	Horwood LJ, Mogridge N, Darlow
BA. Cognitive, educational, and
behavioural outcomes at 7 to 8 years
in a national very low birthweight
cohort. Arch Dis Child Fetal Neonatal
Ed. 1998;79(1):F12–F20

18.	Storebø OJ, Ramstad E, Krogh HB,
et al. Methylphenidate for children
and adolescents with attention
deficit hyperactivity disorder (ADHD).
Cochrane Database Syst Rev.
2015;(11):CD009885

5.	Polanczyk GV, Salum GA, Sugaya LS,
Caye A, Rohde LA. Annual research
review: a meta-analysis of the
worldwide prevalence of mental
disorders in children and adolescents.
J Child Psychol Psychiatry.
2015;56(3):345–365

12.	Sucksdorff M, Lehtonen L, Chudal R, et
al. Preterm birth and poor fetal growth
as risk factors of attention-deficit/
hyperactivity disorder. Pediatrics.
2015;136(3). Available at: www.
pediatrics.org/cgi/content/full/136/3/
e599

19.	Chang LY, Wang MY, Tsai PS.
Diagnostic accuracy of rating scales
for attention-deficit/hyperactivity
disorder: a meta-analysis. Pediatrics.
2016;137(3):e20152749

6.	Polanczyk G, de Lima MS, Horta BL,
Biederman J, Rohde LA. The worldwide
prevalence of ADHD: a systematic
review and metaregression analysis.
Am J Psychiatry. 2007;164(6):942–948

13.	Breeman LD, Jaekel J, Baumann
N, Bartmann P, Wolke D. Attention
problems in very preterm children
from childhood to adulthood: the
Bavarian Longitudinal Study. J Child
Psychol Psychiatry. 2016;57(2):132–140

7.	Simon V, Czobor P, Bálint S, Mészáros
A, Bitter I. Prevalence and correlates
of adult attention-deficit hyperactivity
disorder: meta-analysis. Br J
Psychiatry. 2009;194(3):204–211
8.	Shaw M, Hodgkins P, Caci H, et al.
A systematic review and analysis

14

of long-term outcomes in attention
deficit hyperactivity disorder: effects
of treatment and non-treatment. BMC
Med. 2012;10:99

14.	Bhutta AT, Cleves MA, Casey PH,
Cradock MM, Anand KJ. Cognitive
and behavioral outcomes of schoolaged children who were born
preterm: a meta-analysis. JAMA.
2002;288(6):728–737

20.	Tucker J, McGuire W. Epidemiology
of preterm birth. BMJ.
2004;329(7467):675–678
21.	Wells GA, Shea B, O’Connell D,
et al. The Newcastle-Ottawa scale
(NOS) for assessing the quality of
nonrandomised studies in metaanalyses. Available at: www.ohri.ca/
programs/clinical_epidemiology/
oxford.asp. Accessed April 10, 2015
22.	Rotenstein LS, Ramos MA, Torre
M, et al. Prevalence of depression,
depressive symptoms, and suicidal
ideation among medical students: a

Downloaded from http://pediatrics.aappublications.org/ by guest on December 18, 2017

Franz et al

systematic review and meta-analysis.
JAMA. 2016;316(21):2214–2236
23.	Studies with zero-cell counts. In:
Higgins JPT, Green S, eds. Cochrane
Handbook for Systematic Reviews of
Interventions. Version 5.1.0 (updated
March 2011). Available at: http://
handbook-5-1.cochrane.org/http://
handbook.cochrane.org/chapter_
16/16_9_2_studies_with_zero_cell_
counts.htm. Accessed April 5, 2017
24.	DerSimonian R, Laird N. Meta-analysis
in clinical trials. Control Clin Trials.
1986;7(3):177–188
25.	Miller RG. The jackknife–a review.
Biometrika. 1974;61(1):1–15
26.	Maldonado G, Greenland S.
Simulation study of confounderselection strategies. Am J Epidemiol.
1993;138(11):923–936
27.	Egger M, Davey Smith G, Schneider
M, Minder C. Bias in meta-analysis
detected by a simple, graphical test.
BMJ. 1997;315(7109):629–634
28.	Schwarzer G. meta: an R package for
meta-analysis. R News. 2007;7(3):40–45
29.	Liberati A, Altman DG, Tetzlaff J,
et al. The PRISMA statement for
reporting systematic reviews and
meta-analyses of studies that evaluate
health care interventions: explanation
and elaboration. J Clin Epidemiol.
2009;62(10):e1–e34
30.	Burnett A, Davey CG, Wood SJ, et al.
Extremely preterm birth and
adolescent mental health in a
geographical cohort born in the 1990s.
Psychol Med. 2014;44(7):1533–1544
31.	Cooke RW, Abernethy LJ. Cranial
magnetic resonance imaging and
school performance in very low
birth weight infants in adolescence.
Arch Dis Child Fetal Neonatal Ed.
1999;81(2):F116–F121
32.	Hatch B, Healey DM, Halperin JM.
Associations between birth weight
and attention-deficit/hyperactivity
disorder symptom severity: indirect
effects via primary neuropsychological
functions. J Child Psychol Psychiatry.
2014;55(4):384–392
33.	Indredavik MS, Vik T, Evensen KA,
Skranes J, Taraldsen G, Brubakk AM.
Perinatal risk and psychiatric outcome
in adolescents born preterm with very
low birth weight or term small for

gestational age. J Dev Behav Pediatr.
2010;31(4):286–294
34.	Johnson S, Hollis C, Kochhar P,
Hennessy E, Wolke D, Marlow N.
Psychiatric disorders in extremely
preterm children: longitudinal finding
at age 11 years in the EPICure study.
J Am Acad Child Adolesc Psychiatry.
2010;49(5):453–463.e1
35.	McNicholas F, Healy E, White M, et al.
Mental health outcomes at age 11 of
very low birth weight infants in Ireland.
Ir J Psychol Med. 2016;33(2):93–104
36.	Murray E, Pearson R, Fernandes M,
et al. Are fetal growth impairment
and preterm birth causally related to
child attention problems and ADHD?
Evidence from a comparison between
high-income and middle-income
cohorts. J Epidemiol Community
Health. 2016;70(7):704–709
37.	Scott MN, Taylor HG, Fristad MA, et al.
Behavior disorders in extremely
preterm/extremely low birth weight
children in kindergarten. J Dev Behav
Pediatr. 2012;33(3):202–213
38.	Treyvaud K, Ure A, Doyle LW, et al.
Psychiatric outcomes at age seven
for very preterm children: rates and
predictors. J Child Psychol Psychiatry.
2013;54(7):772–779
39.	Van Lieshout RJ, Boyle MH, Saigal
S, Morrison K, Schmidt LA. Mental
health of extremely low birth weight
survivors in their 30s. Pediatrics.
2015;135(3):452–459
40.	Woodward LJ, Lu Z, Morris AR, Healey
DM. Preschool self-regulation predicts
later mental health and educational
achievement in very preterm and
typically developing children. Clin
Neuropsychol. 2017;31(2):404–422
41.	Samara M, Marlow N, Wolke D; EPICure
Study Group. Pervasive behavior
problems at 6 years of age in a totalpopulation sample of children born at
</= 25 weeks of gestation. Pediatrics.
2008;122(3):562–573

representative sample of extremely
preterm/extremely low birth
weight children. Dev Neuropsychol.
2011;36(1):57–73
44.	Brogan E, Cragg L, Gilmore C, Marlow
N, Simms V, Johnson S. Inattention in
very preterm children: implications
for screening and detection. Arch Dis
Child. 2014;99(9):834–839
45.	Dahl LB, Kaaresen PI, Tunby J,
Handegård BH, Kvernmo S, Rønning
JA. Emotional, behavioral, social, and
academic outcomes in adolescents
born with very low birth weight.
Pediatrics. 2006;118(2). Available at:
www.pediatrics.org/cgi/content/full/
118/2/e449
46.	de Kieviet JF, van Elburg RM, Lafeber
HN, Oosterlaan J. Attention problems of
very preterm children compared with
age-matched term controls at schoolage. J Pediatr. 2012;161(5):824–829
47.	Grunau RE, Whitfield MF, Fay
TB. Psychosocial and academic
characteristics of extremely low birth
weight (≤800 g) adolescents who are
free of major impairment compared
with term-born control subjects.
Pediatrics. 2004;114(6). Available at:
www.pediatrics.org/cgi/content/full/
114/6/e725
48.	Grunewaldt KH, Fjørtoft T, Bjuland KJ,
et al. Follow-up at age 10 years in ELBW
children—functional outcome, brain
morphology and results from motor
assessments in infancy. Early Hum Dev.
2014;90(10):571–578
49.	Hack M, Youngstrom EA, Cartar L, et
al. Behavioral outcomes and evidence
of psychopathology among very low
birth weight infants at age 20 years.
Pediatrics. 2004;114(4):932–940
50.	Hack M, Taylor HG, Schluchter
M, Andreias L, Drotar D, Klein N.
Behavioral outcomes of extremely low
birth weight children at age 8 years. J
Dev Behav Pediatr. 2009;30(2):122–130

42.	Boyle MH, Miskovic V, Van Lieshout R,
et al. Psychopathology in young adults
born at extremely low birth weight.
Psychol Med. 2011;41(8):1763–1774

51.	Hanke C, Lohaus A, Gawrilow C, Hartke
I, Köhler B, Leonhardt A. Preschool
development of very low birth weight
children born 1994-1995. Eur J Pediatr.
2003;162(3):159–164

43.	Anderson PJ, De Luca CR, Hutchinson
E, Spencer-Smith MM, Roberts G, Doyle
LW; Victorian Infant Collaborative
Study Group. Attention problems in a

52.	Huang JH, Huang HL, Chen HL, Lin
LC, Tseng HI, Kao TJ. Inattention
and development of toddlers born
in preterm and with low birth

PEDIATRICS Volume 141, number 1, Downloaded
January 2018 from http://pediatrics.aappublications.org/ by guest on December 18, 2017

15

weight. Kaohsiung J Med Sci.
2012;28(7):390–396
53.	Leijon I, Ingemansson F, Nelson N,
Wadsby M, Samuelsson S. Reading
deficits in very low birthweight
children are associated with
vocabulary and attention issues
at the age of seven. Acta Paediatr.
2016;105(1):60–68
54.	Levy-Shiff R, Einat G, Mogilner MB,
Lerman M, Krikler R. Biological
and environmental correlates of
developmental outcome of prematurely
born infants in early adolescence.
J Pediatr Psychol. 1994;19(1):63–78
55.	Månsson J, Stjernqvist K, Bäckström
M. Behavioral outcomes at corrected
age 2.5 years in children born
extremely preterm. J Dev Behav
Pediatr. 2014;35(7):435–442
56.	Nadeau L, Boivin M, Tessier R, Lefebvre
F, Robaey P. Mediators of behavioral
problems in 7-year-old children born
after 24 to 28 weeks of gestation. J Dev
Behav Pediatr. 2001;22(1):1–10
57.	Perkinson-Gloor N, Hagmann-von Arx
P, Brand S, et al. The role of sleep and
the hypothalamic-pituitary-adrenal
axis for behavioral and emotional
problems in very preterm children
during middle childhood. J Psychiatr
Res. 2015;60:141–147
58.	Shum D, Neulinger K, O’Callaghan
M, Mohay H. Attentional problems
in children born very preterm or
with extremely low birth weight at
7-9 years. Arch Clin Neuropsychol.
2008;23(1):103–112
59.	Stjernqvist K, Svenningsen NW.
Ten-year follow-up of children born
before 29 gestational weeks: health,
cognitive development, behaviour and
school achievement. Acta Paediatr.
1999;88(5):557–562
60.	Sykes DH, Hoy EA, Bill JM, McClure
BG, Halliday HL, Reid MM. Behavioural

16

adjustment in school of very low
birthweight children. J Child Psychol
Psychiatry. 1997;38(3):315–325
61.	Teplin SW, Burchinal M, JohnsonMartin N, Humphry RA, Kraybill
EN. Neurodevelopmental, health,
and growth status at age 6 years
of children with birth weights
less than 1001 grams. J Pediatr.
1991;118(5):768–777
62.	Torrioli MG, Frisone MF, Bonvini L,
et al. Perceptual-motor, visual and
cognitive ability in very low birthweight
preschool children without neonatal
ultrasound abnormalities. Brain Dev.
2000;22(3):163–168
63.	Thapar A, Cooper M. Attention deficit
hyperactivity disorder. Lancet.
2016;387(10024):1240–1250
64.	Johnson S, Wolke D. Behavioural
outcomes and psychopathology
during adolescence. Early Hum Dev.
2013;89(4):199–207
65.	Johnson S, Kochhar P, Hennessy
E, Marlow N, Wolke D, Hollis C.
Antecedents of attention-deficit/
hyperactivity disorder symptoms in
children born extremely preterm. J
Dev Behav Pediatr. 2016;37(4):285–297
66.	Anderson PJ, Doyle LW; Victorian Infant
Collaborative Study Group. Executive
functioning in school-aged children
who were born very preterm or with
extremely low birth weight in the
1990s. Pediatrics. 2004;114(1):50–57

69.	Gardener H, Spiegelman D, Buka
SL. Perinatal and neonatal risk
factors for autism: a comprehensive
meta-analysis. Pediatrics.
2011;128(2):344–355
70.	Dammann O, O’Shea TM. Cytokines and
perinatal brain damage. Clin Perinatol.
2008;35(4):643–663, v
71.	Hagberg H, Peebles D, Mallard C.
Models of white matter injury:
comparison of infectious, hypoxicischemic, and excitotoxic insults.
Ment Retard Dev Disabil Res Rev.
2002;8(1):30–38
72.	Coghill D, Nigg J, Rothenberger A,
Sonuga-Barke E, Tannock R. Whither
causal models in the neuroscience of
ADHD? Dev Sci. 2005;8(2):105–114
73.	Conn VS, Valentine JC, Cooper HM,
Rantz MJ. Grey literature in metaanalyses. Nurs Res. 2003;52(4):256–261
74.	Schmucker CM, Blümle A, Schell LK,
et al; OPEN Consortium. Systematic
review finds that study data not
published in full text articles have
unclear impact on meta-analyses
results in medical research. PLoS One.
2017;12(4):e0176210
75.	Johnston MV, Fatemi A, Wilson MA,
Northington F. Treatment advances
in neonatal neuroprotection and
neurointensive care. Lancet Neurol.
2011;10(4):372–382

67.	Johnson S. Cognitive and behavioural
outcomes following very preterm
birth. Semin Fetal Neonatal Med.
2007;12(5):363–373

76.	Stjernqvist K, Svenningsen NW.
Extremely low-birth-weight
infants less than 901 g:
development and behaviour after
4 years of life. Acta Paediatr.
1995;84(5):500–506

68.	Burnett AC, Anderson PJ, Cheong
J, Doyle LW, Davey CG, Wood SJ.
Prevalence of psychiatric diagnoses
in preterm and full-term children,
adolescents and young adults:
a meta-analysis. Psychol Med.
2011;41(12):2463–2474

77.	Lindström K, Lindblad F, Hjern A.
Psychiatric morbidity in adolescents
and young adults born preterm:
a Swedish national cohort study.
Pediatrics. 2009;123(1). Available at:
www.pediatrics.org/cgi/content/full/
123/1/e47

Downloaded from http://pediatrics.aappublications.org/ by guest on December 18, 2017

Franz et al

Attention-Deficit/Hyperactivity Disorder and Very Preterm/Very Low Birth
Weight: A Meta-analysis
Adelar Pedro Franz, Gul Unsel Bolat, Hilmi Bolat, Alicia Matijasevich, Iná Silva
Santos, Rita C. Silveira, Renato Soibelmann Procianoy, Luis Augusto Rohde and
Carlos Renato Moreira-Maia
Pediatrics originally published online December 18, 2017;

Updated Information &
Services

including high resolution figures, can be found at:
http://pediatrics.aappublications.org/content/early/2017/12/15/peds.2
017-1645

Supplementary Material

Supplementary material can be found at:
http://pediatrics.aappublications.org/content/suppl/2017/12/15/peds.2
017-1645.DCSupplemental

References

This article cites 74 articles, 19 of which you can access for free at:
http://pediatrics.aappublications.org/content/early/2017/12/15/peds.2
017-1645.full#ref-list-1

Subspecialty Collections

This article, along with others on similar topics, appears in the
following collection(s):
Developmental/Behavioral Pediatrics
http://classic.pediatrics.aappublications.org/cgi/collection/developme
nt:behavioral_issues_sub
Attention-Deficit/Hyperactivity Disorder (ADHD)
http://classic.pediatrics.aappublications.org/cgi/collection/attention-d
eficit:hyperactivity_disorder_adhd_sub

Permissions & Licensing

Information about reproducing this article in parts (figures, tables) or
in its entirety can be found online at:
https://shop.aap.org/licensing-permissions/

Reprints

Information about ordering reprints can be found online:
http://classic.pediatrics.aappublications.org/content/reprints

Pediatrics is the official journal of the American Academy of Pediatrics. A monthly publication, it
has been published continuously since . Pediatrics is owned, published, and trademarked by the
American Academy of Pediatrics, 141 Northwest Point Boulevard, Elk Grove Village, Illinois,
60007. Copyright © 2017 by the American Academy of Pediatrics. All rights reserved. Print ISSN:
.

Downloaded from http://pediatrics.aappublications.org/ by guest on December 18, 2017

Attention-Deficit/Hyperactivity Disorder and Very Preterm/Very Low Birth
Weight: A Meta-analysis
Adelar Pedro Franz, Gul Unsel Bolat, Hilmi Bolat, Alicia Matijasevich, Iná Silva
Santos, Rita C. Silveira, Renato Soibelmann Procianoy, Luis Augusto Rohde and
Carlos Renato Moreira-Maia
Pediatrics originally published online December 18, 2017;

The online version of this article, along with updated information and services, is
located on the World Wide Web at:
http://pediatrics.aappublications.org/content/early/2017/12/15/peds.2017-1645

Pediatrics is the official journal of the American Academy of Pediatrics. A monthly publication, it
has been published continuously since . Pediatrics is owned, published, and trademarked by the
American Academy of Pediatrics, 141 Northwest Point Boulevard, Elk Grove Village, Illinois,
60007. Copyright © 2017 by the American Academy of Pediatrics. All rights reserved. Print ISSN:
.

Downloaded from http://pediatrics.aappublications.org/ by guest on December 18, 2017

