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ABSTRACT: Epidemiologic studies have, for many years, identified
preterm birth as a significant risk factor for psychiatric disorders. There
has been a recent resurgence of interest in neurobehavioral outcomes
after preterm birth. In this article, we review clinical cohort studies of the
prevalence, etiology, and risk factors for psychiatric sequelae in ex-
preterm children. Studies using diagnostic psychiatric evaluations are
few in number but typically report a 3- to 4-fold increased risk for
disorders in middle childhood. Our review of studies reveals a “preterm
behavioral phenotype” characterized by an increased risk for symptoms
and disorders associated with inattention, anxiety, and social difficulties.
The most contemporary studies have also reported a markedly increased
prevalence of autism spectrum disorders (ASD) in preterm populations.
Our examination of the correlates and comorbidities of psychiatric
disorders is indicative of a different causative pathway that may be
associated with altered brain development after preterm birth. Despite
the low population attributable risk, the frequency of these symptoms
and disorders means that psychiatric screening is likely to be beneficial
in this vulnerable population. (Pediatr Res 69: 11R–18R, 2011)

Perinatal factors have long been implicated in the genesis of
psychiatric disorders, most notably in schizophrenia, but the

role such factors play in the causal pathway is less well under-
stood. For a long time, a range of biological insults, including
preterm birth and LBW, were considered nonspecific triggers for
later disorders (1). More recently, epidemiologic studies in the
general population have identified significant inverse incremental
associations with birthweight and/or GA at birth: the risk and
prevalence of psychiatric morbidity increase as birthweight and
GA decrease (2). Although these associations are not confined to
those with very LBW (VLBW; birthweight �1500 g) or very
preterm birth (VPT; �32 wk gestation), the risk is greatest for
these groups (2,3). Preterm birth and LBW have also been
identified as risk factors for specific psychiatric disorders, namely
emotional disorders (2–5), attention deficit/hyperactivity disor-
ders (ADHD) (6), and autism spectrum disorders (ASD) (7–10).

The casual pathway to these disorders must be interpreted
in the context of the known neurologic sequelae of preterm
birth, namely focal brain injury and altered brain development
(11). These are manifest in the relationship between immatu-
rity and CP (12) and low intelligent quotient (IQ) (13,14)/
learning difficulties (15), respectively. The prevalence of im-
paired outcomes rises more steeply as GA falls below 32 wk
and thus one might predict that psychiatric morbidity would
be most prevalent in such populations. Where birthweight has

been used to define populations, there may be differences in
outcomes stemming from the excess of children born after
fetal growth restriction, which have independent effects on
psychiatric morbidity (16).

Several studies have now followed the progress of very
immature cohorts born in the 1980s and 1990s through to
adolescence and adult life, and have sought to define the full
spectrum of impairment, including psychiatric disorders. We
place emphasis on population-based studies, particularly for
cohorts born in the 1990s, because these reflect the most
contemporaneous outcomes relevant to current public health
concerns. In this article, we review clinical studies of out-
comes in middle childhood and beyond and present an over-
view of behavioral and psychiatric morbidity in relation to
neurodevelopmental correlates and early predictors of disor-
ders in preterm populations.

Prevalence and Profile of Behavior Problems

The majority of studies investigating morbidity for preterm
(�37 wk)/LBW (�2500 g) cohorts have used behavioral
screening questionnaires, such as the widely used Child Be-
havior Checklist (CBCL) (17). These provide cost- and time-
efficient measures for large-scale use. Studies using screening
questionnaires have shown that there is a significant excess of
behavior problems in most preterm/LBW cohorts (18), and
prevalence estimates range from 19 to 40% for LBW (19–22),
13 to 46% for VPT/VLBW (16,23–26), and 19 to 32% for
extremely preterm (EPT: �26 wk)/extremely LBW (ELBW:
�1000 g) (27–30) children. There is less consensus for chil-
dren born moderate to late preterm (32–36 wk of gestation);
some report an excess of behavior problems (31,32), whereas
others report no significant difference from term peers (33). A
GA-related gradient in outcomes is supported by a number of
studies in which the prevalence of behavior problems was
greater in those born at lower gestations or with LBW (26,34).

Variable findings are reported regarding the risk for inter-
nalizing and externalizing problems. In a meta-analysis of 16
case-control studies of school-aged VPT/VLBW children pub-
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lished in 1980–2001, 9 of 13 studies reported an increase in
internalizing symptoms and 9 of 12 in externalizing symptoms
(18). In a later meta-analysis of nine case-control studies of
VPT (here defined as birth �34 wk)/VLBW children pub-
lished between 1998 and 2008, parents rated their children as
having more internalizing problems but combined effect sizes
for parent- and teacher-rated externalizing problems were
nonsignificant (35). More recent studies continue to report
conflicting results regarding the risk for internalizing
(28,31,34) and externalizing problems (23). Given the inverse
relationship with maturity, some of this difference may be due
simply to heterogeneity in population definitions.

There is greater consensus at the narrowband level in terms
of behavioral profiles identified. Hille et al. (36) report cross-
cultural outcomes in four population-based ELBW cohorts
born in 1977–1987 and assessed using the CBCL. External-
izing scores were not elevated in any cohort and internalizing
scores were increased only in one. In contrast, all four cohorts
had significantly increased scores for social, thought, and
attention scales (elevated by 0.5–1.2 SD relative to country-
specific controls) and there was a marked absence of aggressive/
delinquent behavior. In one cohort, scores for somatic complaints
and anxiety/depression were also elevated. Similarly, in a more
contemporary population of Swedish EPT children born 1990–
1992, social, thought, and attention scales were 0.75–1.3 SD
higher than controls (28). Studies using other popular screening
tools, such as the Strengths and Difficulties Questionnaire (37),
typically reveal a similar profile of increased risk for attention/
hyperactivity, social, and emotional problems in preterm/LBW
populations (19,24,29,38,39).

It is notable that the majority of studies report higher group
mean scores on both broadband and narrowband scales, even
where the proportion of children scoring in the abnormal
range is not significantly increased. This implies that many
children may have symptoms that fail to reach clinical signif-
icance. This is a consistent finding in studies using dimen-
sional measures of symptomatology in VPT/VLBW popula-
tions, particularly for ADHD and ASD.

Although differences in screening tools, population defini-
tions and age at assessment make direct comparisons of
prevalence rates difficult, consistencies confirm a “preterm
behavioral phenotype” characterized by inattention/hyperac-
tivity, social, and emotional difficulties and, in general, a
greater risk for internalizing rather than externalizing prob-
lems, which are more frequent at lower GAs. In the next
section, we provide evidence to show that these findings are
mirrored in diagnostic studies of psychiatric morbidity in
preterm populations, which are characterized by significantly
increased rates of ADHD, ASD, and emotional disorders.

Prevalence and Prediction of Psychiatric Disorders

Studies using diagnostic evaluations are required to provide
definitive evidence of an increased prevalence of disorders in
preterm/LBW populations. There is a relative paucity of such
studies as psychiatric evaluations are costly and difficult to
implement in large-scale investigations. Although the majority
of those that exist have used questionnaires that yield symp-

tom data corresponding with Diagnostic and Statistical Man-
ual of Mental Disorders (DSM) diagnostic criteria (40), a
small number have used more rigorous evaluations. Despite
very different methodologies, these report similar prevalence
estimates across a range of different populations (Table 1).

In two early studies using DSM-based questionnaires, Szat-
mari et al. (41,42) reported 24 to 27% prevalence of disorders
in ELBW children. These rates were not significantly in-
creased compared with controls, and in both studies, the risk
of disorders was specific to ADHD. In the first study of
psychopathology in ELBW children born in the 1990s, Hack
et al. (43) reported a significant excess of psychiatric morbidity
compared with controls with 32% prevalence of disorders in
ELBW children. In all three studies, the prevalence of disorders
in the control group (15–16%) was higher than the 10% typically
observed in the general population (44) and may thus reflect that
the measures were essentially screening tools.

We are aware of only five diagnostic studies (Table 1), of
which four have reported 22 to 27% prevalence of disorders in
LBW/VLBW children born in the 1980s (16,19,45,46). In the
UK EPICure Study, a national prospective cohort study of all
births �25 wk of gestation in the UK and Ireland in 1995, we
have reported that 23% met criteria for DSM-IV-TR (40) defined
psychiatric disorders, rising to 25% after imputation to account
for selective loss to follow-up of more impaired survivors (Fig. 1)
(47). Overall, these five studies have reported remarkably similar
prevalence estimates and ORs indicating a 3- to 4-fold increased
risk for psychiatric disorders in childhood.

Where authors have investigated neurodevelopmental cor-
relates, psychiatric disorders have been found to be signifi-
cantly associated with poor cognitive function (43,45,47).
Although some authors have found that the overall risk of
disorders remains significant after excluding those with low
IQ (scores � �1 SD) (16,43), we have reported that moder-
ate/severe cognitive impairment (scores � �2 SD) but not
neurological or sensory disability, accounted for the signifi-
cant excess of disorders in EPT children (47). In VPT popu-
lations, males have typically been found to be at greater risk
for neuro-cognitive impairment compared with females and
may therefore be at increased risk for psychiatric sequelae
(48,49). However, results regarding gender differences for
psychiatric disorders are more equivocal with some reporting
a increased risk of disorders for ELBW boys (45) and not
others (16,19,46,47). The findings are also variable regarding
co-morbidity: some authors have reported increased risk for
comorbid psychiatric disorders compared with controls (43) in
contrast to others (47). However, variation in the pattern of
comorbidities is of greater theoretical significance and is
described in the following sections.

Early identification of those at risk for psychiatric disorders
would facilitate timely psychiatric referral and provision of
support for children and their families. Studies attempting to
identify early predictors of psychiatric disorders have pro-
duced inconsistent findings. Some report no associations with
neonatal variables (19,46), whereas others have reported sig-
nificant associations with LBW, decreasing GA and smaller
head circumference (50). Among EPT children at 11 y of age,
we observed no significant univariate associations with any
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neonatal variables although there was marginally greater risk for
boys and vaginal breech deliveries and, in some analyses, neo-
natal necrotizing enterocolitis. In contrast, we found greater
predictive accuracy using later neurodevelopmental measures; in
particular, parent-reported internalizing behavior problems at
2.5 y and conduct and attentional problems, and neurocognitive
impairment at 6 y were associated with psychiatric disorders at

11 y (47). In all these studies, significant associations were found
after adjustment for socioeconomic factors and thus highlight the
overwhelming effect of perinatal risk (50). Thus, longitudinal
neurodevelopmental assessments and behavioral screening may
highlight those children who are at risk for later psychiatric
morbidity, providing the opportunity for early diagnosis and
intervention. Early predictors of specific psychiatric disorders are
discussed in the following sections.

Attention Deficit/Hyperactivity Disorder

ADHD is the most prevalent and frequently studied psychi-
atric disorder in preterm/LBW populations. All but one (51) of
the earliest studies using DSM-based questionnaires reported
a significant excess of ADHD with prevalence rates ranging
16 to 19% and ORs of 2 to 3 in VLBW/ELBW children
(41,42,52). More recent studies report prevalence estimates of
9 to 11% in VPT/VLBW (26,53) and 17 to 20% in EPT/
ELBW children (26,27), indicating a GA-related gradient
(26). The pooled relative risk (RR) for ADHD in VPT/VLBW
survivors in six studies was 2.64 (95% CI, 1.85–3.78) (18) and
a recent epidemiological study has reported an RR of 2.7 (95%
CI, 1.8–4.1) in children born �34 wk (6).

Of the five diagnostic studies, four reported varying prevalence
estimates ranging from 7 to 23% in LBW/VLBW children born
in the 1980s (Table 2) (16,19,45,46). Increased risk has also been

Figure 1. Prevalence of psychiatric disorders at 11 y of age in a whole
population-based cohort of 219 EPT (�26 wk) children (blue columns) and
152 term-born classmates (red columns) in the UK EPICure Study.

Table 1. Studies reporting the prevalence of psychiatric disorders using DSM diagnostic criteria in preterm and LBW children

Study reference Control Index Age (y) Evaluation

Prevalence of disorders

OR (95% CI)Control (%) Index (%)

Diagnostic psychiatric
evaluations

47 n � 152 EPT 11 DAWBA 9 23 3.2 (1.7–6.2)
n � 219

1995
16 n � 83 VLBW 14 KSADS 7 25 4.3 (1.5–12.0)

n � 56
1986–1988

19 n � 130 LBW 11 CAS 9 27 3.1 (1.5–6.5)
n � 130

1986–1988
46 n � 148 VLBW 12 CAPA 10 28 3.4 (1.8–6.6)*

n � 136
1980–1983

45 None LBW 6 DISC 2.1P N/A 22 N/A
n � 564

1984–1987
Questionnaire-based

diagnoses
43 n � 176 ELBW 8 CSI-4 15 32 2.7 (1.6–4.5)*

n � 219
1992–1995

42 n � 145 ELBW 8 SDI 16.2 26.7 NS
n � 129

1977–1981
41 n � 208 ELBW 5 SDI 16.3 24.2 NS

n � 82
1980–1982

* OR (95% CI) calculated retrospectively from data provided in the article.
DAWBA, Development and Well Being Assessment; KSADS, Kiddie-Schedule for Affective Disorders and Schizophrenia; CAS, Children Assessment

Schedule; CAPA, Child and Adolescent Psychiatric Assessment; DISC 2.1P, Diagnostic Schedule for Children-Parent Version 2.1P; CSI-4, Parent Child
Symptom Inventory; SDI, Survey Diagnostic Instrument; EPT, �26 wk gestation; LBW, �2500 g; VLBW, �1500 g; ELBW, �1000 g; N/A, not applicable.
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described in cohorts born in the 1990s: 11.5% prevalence in EPT
children (Fig. 1) (47) and 17% in those with ELBW (43).
Although these two studies used measures with different diag-
nostic accuracy, the ORs of 4.3 and 4.2, respectively, are remark-
ably similar. Thus, existing reports indicate a 2- to 3-fold in-
creased risk for ADHD in VPT/VLBW children and a 4-fold
increased risk in those born EPT/ELBW (Table 2).

The correlates and comorbidities of ADHD in preterm
children are indicative of a different clinical presentation than
for children born at term. First, the male predominance in
ADHD in the general population (44) is typically not observed
in preterm cohorts (16,19,47). Second, the association with
comorbid conduct disorders in the general population is lack-
ing in preterm children; there is no significant increase in
conduct disorders in preterm/LBW populations (16,41–
43,45–47), and VPT/VLBW children with ADHD are less
likely to have comorbid conduct disorders than term children
with ADHD (19,42,47), Third, there appears to be a weaker
association of ADHD with sociodemographic and family risk
in preterm cohorts than in the general population (44), in that,
there is a closer association between ADHD and medical
variables than social factors (16,41,42,46,50,54).

Finally, VLBW/VPT birth appears to be associated with a
greater risk for symptoms of inattention than hyperactivity/
impulsivity. Using rating scales that differentiate these two
dimensions, preterm children were found to have significantly

higher mean scores than controls for inattention but not hy-
peractivity (16). In more recent studies of VPT, EPT, and
ELBW children, there are markedly larger effect sizes for
inattention compared with hyperactivity as rated by both
parents and teachers (43,55). Parallel findings are reported in
diagnostic studies using DSM-IV-based definitions (Table 2).
In an early study, Botting et al. found higher rates of ADHD/
inattentive (ADHD/I) compared with ADHD/hyperactive
(ADHD/H) subtype disorders in VLBW children. In two more
recent studies, the excess risk for ADHD in EPT/ELBW
children was accounted for by a specific risk for ADHD/I and
ADHD/H were not significantly increased in comparison with
term children (43,47). We also observed that there was no
significant increase in hyperkinetic disorders classified using
International Classification of Diseases (ICD)-10 (56) criteria,
in which features of hyperactivity are required for diagnosis
(47). It thus seems preferable to use DSM-IV-TR (40) classi-
fications in preterm children.

These converging strands of evidence are indicative of a
different causative pathway for ADHD in preterm populations.
This has led authors to suggest that VPT/VLBW children are
susceptible to a “purer,” more biologically determined form of
attention deficit associated with a neurological etiology
(36,41). VPT/VLBW birth is associated with cognitive im-
pairment and impaired brain growth, evidenced by structural
abnormalities on MRI (11,57,58). A number of studies have

Table 2. Studies reporting the prevalence of ADHD using DSM-based diagnostic criteria in preterm and LBW children

Study
reference Control Index Age (y) Assessment

Prevalence of ADHD

OR (95% CI)

ADHD subtypes

Control
(%)

Index
(%) Control vs. index (OR; 95% CI)

Diagnostic psychiatric
evaluations

47 n � 152 EPT 11 DAWBA 2.9 11.5 4.3 (1.5–13.0) ADHD/I: 0.7 vs. 7.1% (10.5; 1.4–81.1)
n � 219 ADHD/H: 0 vs. 0%

1995 ADHD/C: 2.2 vs. 4.4% (2.1; 0.5–7.9)
16 n � 83 VLBW 14 KSADS 1 7 NS Not studied

n � 56
1986–1988

19 n � 130 LBW 11 CAS 1 10 14.7 (1.8–114) Not studied
n � 130

1986–1988
46 n � 148 VLBW 12 CAPA 6 23 4.6 (2.1–9.9)* ADHD/I: 2.7 vs. 8.1% (p � 0.05)

n � 136 ADHD/H: 1.4 vs. 6.6% (p � 0.05)
1980–1983 ADHD/C: 2.0 vs. 8.1% (p � 0.05)

45 None LBW 6 DISC 2.1P N/A 15.6 N/A Not studied
n � 564

1984–1987
52 n � 80 VLBW 7 Clinical

observation
7.5 18 2.7 (1.0–7.4)* Not studied

n � 88
1978–1980

Questionnaire-based
diagnoses

43 n � 176 ELBW 8 CSI-4 5% 17% 4.2 (1.9–9.1) ADHD/I: 3 vs. 10% (4.1; 1.5–11.1)
n � 219 ADHD/H: 2 vs. 3% (1.9; 0.5–8.0)

1992–1995 ADHD/C: 0.6 vs. 5% (8.1; 1.0–64.6)

Studies using DSM-based questionnaires are included where these have assessed the prevalence of ADHD subtypes.
* OR (95% CI) calculated retrospectively from data provided in the article.
DAWBA, Development and Well Being Assessment; KSADS, Kiddie-Schedule for Affective Disorders and Schizophrenia; CAS, Children Assessment

Schedule; CAPA, Child and Adolescent Psychiatric Assessment; DISC 2.1P, Diagnostic Schedule for Children-Parent Version 2.1P; CSI-4, Parent Child
Symptom Inventory; EPT, �27 wk gestation; LBW, �2500 g; VLBW, �1500 g; ELBW, �1000 g; N/A, not applicable; ADHD/C, ADHD-combined subtype
using DSM-IV-TR diagnostic criteria; NS, not significant.
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provided evidence indicative of a mediating role of neurode-
velopmental factors in the relationship between preterm birth
and ADHD, with significant group differences being ac-
counted for by the high prevalence of cognitive impairment in
EPT/ELBW children (41,42,47). Significant independent as-
sociations between ADHD symptoms and indices of brain
structure and maturation in preterm populations including
head circumference, intraventricular hemorrhage, parenchy-
mal lesions, and/or ventricular enlargement on neonatal cra-
nial ultrasound and structural MRI at school-age are reported
(45,50,59–61). Indredavik et al. (62) found that ADHD symp-
toms were associated with reduction in white matter volumes
and thinning of the corpus callosum in VLBW adolescents
after adjustment for sex and socioeconomic factors. The cor-
relation between symptoms and white matter volume was due
to a specific association with inattention scores. Skranes et al.
(63) also found that inattention but not hyperactivity scores
were associated with fractional anisotropy measurements of
white matter in VLBW adolescents. They also found that
ADHD was associated with lower fractional anisotropy values
in six different anatomical areas and speculate that this may be
indicative of disturbed white matter connectivity in extensive
areas throughout the brain.

ADHD/I and other ADHD may be considered as separate
disorders that are characterized by dissociable cognitive, be-
havioral, and neurobiological profiles with different patterns
of comorbidities and responses to medication (64–66). In
contrast to classical ADHD, children with ADHD/I can be
considered as having a childhood-onset dysexecutive syn-
drome that is characterized by social difficulties related to
shyness and withdrawal, internalizing problems, an absence of
aggression/delinquent behavior, academic difficulties, and pri-
mary deficits in working memory and processing speed (67).
This profile bears a striking resemblance to that associated
with VPT birth (68–70). Hyperactivity in preterm survivors
may be accounted for by poor general cognitive ability, but
inattention may be a specific feature of development after
preterm birth that is associated with specific executive deficits.
This is supported by Nadeau et al. (71) who observed that
general cognitive ability mediated the relationship between
EPT birth and hyperactivity, whereas the relationship between
EPT birth and inattention was mediated specifically by work-
ing memory.

In summary, in VPT/VLBW children, there is evidence of
increased risk for the inattentive subtype of ADHD, itself
associated with impairment in normal brain growth and mat-
uration. Further research is needed to elucidate the etiology
and clarify the profile of impairment associated with such
deficits to improve identification, management, and treatment
of ADHD in preterm populations.

Autism Spectrum Disorders

A review of epidemiologic studies of ASD in the general
population has provided a best current prevalence estimate of
approximately 0.2% for narrowly defined autistic disorder and
0.6% for the broader category of ASD (72). Epidemiologic
studies provide evidence that preterm birth and LBW are

important risk factors for ASD (7,9,10,73). Although studies
using behavioral screening questionnaires have consistently
identified a high level of peer-related problems in VPT/
VLBW children, until recently, there were few clinical studies
of ASD in preterm populations.

In one of the earliest cohort studies of psychiatric outcomes,
it is interesting to note that Szatmari et al. (41) excluded from
follow-up two ELBW children with ASD as the disorders of
interest could not be assessed in the presence of ASD. These
children represented 2.2% of their surviving ELBW cohort
and this was perhaps one of the earliest references to ASD in
ex-preterm children. In more mature children, the frequency
of symptoms and diagnoses is relatively low. For example, in
130 LBW children, 1 child (0.8%) had clinical symptoms of
Asperger’s disorder (19) and 1 of 56 (1.8%) was assigned a
diagnosis of Asperger’s disorder using a psychiatric evalua-
tion (16).

Only two studies have investigated ASD in contemporary
populations born in the 1990s. Using a DSM-based screening
questionnaire, Hack et al. (43) reported that 3.6% of ELBW
children met criteria for ASD at 8 y of age. In the only
diagnostic study of EPT children at 11 y, we have reported
that, although the prevalence of positive screening was high in
middle childhood (16%), only 8% (16 children) were assigned
diagnoses of ASD compared with none of the classmates
(Fig. 1). Among these with ASD, 13 had autistic disorder and
3 pervasive developmental disorder-not otherwise specified
(PDD-NOS) (47,74). This indicates a prevalence that is
around 65 times higher than general population estimates for
autistic disorder and 4–12 times higher for ASD (44,72,75).
No children had Asperger’s disorder; this was anticipated
because the high level of neurodevelopmental delay in EPT
children means they are unlikely to fulfil diagnostic criteria,
which include unimpaired cognitive and language develop-
ment in infancy. Although this clearly confirms the significant
risk for ASD associated with EPT birth, prevalence at more
mature GAs requires further investigation.

In two studies that have evaluated the role of screening for
ASD in infancy using the Modified-Checklist for Autism in
Toddlers (M-CHAT) questionnaire (76) but without a fol-
low-up interview, 21–25% of VPT/VLBW infants screened
positive for autistic features at 2 y of age compared with �5%
in term infants (77,78). Although this raises awareness of the
high prevalence of autistic symptomatology already present in
infancy in preterm survivors, the specificity of screening is
confounded by the high rate of developmental delay in these
populations and the rates of confirmed diagnoses later in
childhood are likely to be much lower (79). The predictive
validity of screening in infancy for later ASD requires further
investigation in preterm populations.

Similar to ADHD, studies that have used dimensional mea-
sures have shown a generally increased liability to ASD
symptomatology in preterm children (74). Compared with
term children, EPT/ELBW children have significantly higher
mean scores, greater variability in scores, and are more likely
to have subclinical level of symptoms (19,39,43,74). Children
who meet diagnostic criteria thus appear to represent the
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extreme end of a distribution of symptoms that are generally
increased in preterm survivors.

Although ASD are generally considered to be genetic in
origin, ASD in preterm children are associated with different
clinical profiles and comorbidities indicative of different eti-
ological mechanisms, in a similar fashion to ADHD. The
generally high prevalence of autism spectrum symptoms has
led some authors to suggest that socialization difficulties may
be qualitatively different from classical autistic features and
may be mediated by inattention and distractibility (19,36).
Autism spectrum symptoms are strongly associated with cog-
nitive impairment (74,78), and low IQ has been shown to
account for more than half the excess of sociocommunicative
problems in EPT children at 11 y of age (74). Symptoms were
also significantly associated with smaller head circumference,
in contrast to the association with larger head circumference in
the general population. On multivariable analysis, an abnor-
mal neonatal cranial ultrasound scan and cognitive impair-
ment were independently associated with ASD symptoms
(74). In studies combining psychiatric assessments and cranial
MRI, autism spectrum symptoms in VLBW children were
associated with white matter reduction and ventricular en-
largement (62), more global white matter abnormalities (63)
and with cerebellar-hemorrhagic injury in infancy (77). Au-
tism spectrum symptoms have also been associated with bron-
chopulmonary dysplasia, an association that may be mediated
by the effects of low oxygen tensions on outcome (43).

This overall pattern is commensurate with a nongenetic,
environmental origin for ASD in association with aberrant
brain development and brain injury associated with VPT birth
(80). We have also noted the striking similarity in the cogni-
tive and behavioral profiles found in studies of EPT survivors
(74) and those of Romanian adoptees, the latter of which are
at risk for autistic spectrum symptoms that are associated with
attachment disorder, ADHD, and cognitive impairment (81).
Both groups have experienced highly abnormal early physical
and psychosocial environments during a potentially critical
period for development of the social brain and thus psychos-
ocial factors may interact to affect brain maturation in EPT
children (82,83). Others have suggested that factors specific to
the experience of parenting an EPT child, such as infant
regulatory difficulties and impaired parent-infant interaction,
may be also be implicated in the development of behavioral
and socioemotional disorders in this population (27).

Emotional Disorders

A number of studies have reported significantly increased
emotional problems in VLBW and EPT/ELBW children as
rated by parents and teachers (25,28,29,38,39,84,85). How-
ever, the majority of screening measures combine ratings of
anxiety and depression, rendering it difficult to differentiate
between these dimensions.

Diagnostic studies typically indicate a specific risk for
anxiety rather than depression. Although one study reported
no significant difference in the prevalence of emotional disor-
ders between LBW and normal birthweight children (19), two
studies have reported a significant excess of anxiety but not

depressive disorders in middle childhood, with a 4- to 6-fold
increase in the odds for anxiety disorders in VLBW children
(16,46). Using a DSM-based questionnaire, Hack et al. (43)
recently reported prevalence estimates for anxiety disorders
and depression that were two to three times higher for ELBW
children than controls but these differences were not signifi-
cant, only the risk for specific phobias was significantly
increased. Most recently, in the UK EPICure Study, we have
reported a 9% prevalence of emotional disorders in EPT
children compared with 2% in term controls (OR: 4.6; Fig. 1)
(47). This excess risk was accounted for by anxiety disorders
(OR: 3.5), commonly separation anxiety and generalized anx-
iety disorder. Although in the general population, emotional
disorders are associated with female sex and poor physical
health (44), this was not so among EPT children in this study
(44). Rather, the association was with cognitive impairment
(47) as has also been found in VLBW children (16). During
adolescence, there is typically an increase in emotional disorders,
particularly for females (86). The fact that there are already high
levels of these disorders present in EPT/ELBW children at 8–11
y of age is a cause for concern and suggests that the RR of these
disorders may increase with age. There is thus a pressing need for
routine screening to facilitate early psychological referral for
emotional problems in this population.

Continuity to Adult Life

The extent to which behavioral problems and psychiatric
disorders identified among VPT/VLBW children persist into
adulthood in preterm populations is, as yet, largely unclear.
Cohorts of children born in the 1990s are only now reaching
adulthood and thus existing reports are focused on those more
mature children born in the presteroid/surfactant era. Given
the link between perinatal adversity and schizophrenia (1), one
might expect to find higher rates of psychotic disorders in
preterm populations in adulthood. Thought and withdrawal prob-
lems identified early in life may be precursors of psychotic
disorders and thus follow-up into adulthood is crucial (19).

In a recent population linkage study, Moster et al. (87)
found that the risk of ASD in adulthood increased significantly
with decreasing GA. Prevalence rates increased sharply with
birth below 31 wk, with 0.4% prevalence at 28–30 wk and
0.6% prevalence at 23–27 wk. These rates represented an RR
of 7.3 and 9.7, respectively, compared with term peers. In
contrast, the association between schizophrenia and GA was
of a similar order but not statistically significant. With a
lifetime prevalence of 1.0–1.5%, it may be difficult to show an
excess of schizophrenia in prospective studies.

Using hospital diagnosis linkage, Lindström et al. (88) found
an excess of psychiatric and addictive disorders in VPT adults
with significantly lower prevalence in families with higher so-
cioeconomic status. Although these rates were significantly ele-
vated in VPT adults, 85% of the population attributable risk was
due to disorders in moderate-late preterm and early term-born
individuals. In contrast, in the Helsinki VLBW Adult Study,
executive dysfunction and emotional instability were no more
common in VLBW adults who were of appropriate birthweight
for gestation than controls, and these VLBW adults had lower
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scores on subscales assessing alcohol abuse and risk-taking be-
haviors. However, VLBW small-for-GA adults had higher scores
compared with controls for executive dysfunction and emotional
instability, particularly for depression (89).

In other prospective longitudinal studies, a similar pattern
of behaviors to the childhood profile was found with more
internalizing behaviors (OR: 2.2) (90) and an increased rate of
prescriptions for depression among ELBW adults (91). Gen-
erally, among VLBW/ELBW populations, reports indicate
less risk taking behaviors and alcohol abuse (89,92) leading to
the speculation that this is a reflection of poor socialization
and internalizing symptoms among such individuals. How-
ever, no long-term outcomes in adult life after childhood
diagnostic studies have been reported and continuity, although
anticipated, is more inferred than demonstrated.

Conclusions

Despite elevated rates of psychiatric disorders in childhood
among preterm children, it must be emphasized that most are
found in association with other morbidities, particularly cog-
nitive impairment. The most prevalent disorders are ADHD
(inattentive subtype), anxiety, and ASD. These comprise a
reasonably consistent preterm phenotype which is also mani-
fest in high rates of subclinical symptomatology. Population
level registries comprise few babies of extremely low GAs
because survival has improved mainly in the past 20 y, but
there does appear to be a GA gradient with a tendency in most
studies to more frequent symptoms at lower gestations. Pro-
spective longitudinal studies are relatively small and have low
power to detect rare conditions. Although we have empha-
sized the relatively high rates of pathology among the most
immature survivors, the population attributable risk of psychi-
atric disorders is low in comparison to children born as late
preterm and early term births. Nonetheless, the high rates of
psychopathology observed suggest that mental health surveil-
lance for these vulnerable individuals would be beneficial.
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