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Abstract Increased understanding of early neurobehavi-

oural development is needed to prevent, identify, and treat

childhood psychopathology most effectively at the earliest

possible stage. Prospective birth cohorts can elucidate the

association of genes, environment, and their interactions

with neurobehavioural development. We conducted a sys-

tematic review of the birth cohort literature. On the basis of

internet searches and 6,248 peer-reviewed references, 105

longitudinal epidemiological studies were identified.

Twenty studies met inclusion criteria (prospectively

recruited, population-based cohort studies, including at

least one assessment before the end of the perinatal period

and at least one assessment of behaviour, temperament/

personality, neuropsychiatric or psychiatric status before

19 years of age), and their methodologies were reviewed in

full. Whilst the birth cohort studies did examine some

aspects of behaviour and neurodevelopment, observations

in the early months and years were rare. Furthermore,

aspects of sampling method, sample size, data collection,

design, and breadth and depth of measurement in some

studies made research questions about neurodevelopment

difficult to answer. Existing birth cohort studies have

yielded limited information on how pre- and perinatal

factors and early neurodevelopment relate to child psy-

chopathology. Further epidemiological research is required

with a specific focus on early neurodevelopment. Studies

are needed which include the measures of early childhood

psychopathology and involve long-term follow-up.

Keywords Epidemiology � Child development �
Longitudinal studies � Mental health � Perinatal

Abbreviations

ADHD Attention deficit hyperactivity disorder

ASC Autism spectrum conditions

CD Conduct disorder

ODD Oppositional defiant disorder

Introduction

A sound understanding of normal and abnormal behav-

ioural and neurological development in the early years of

life is necessary before we can prevent, identify, and treat

early onset neurodevelopmental and mental health prob-

lems. We lack a detailed knowledge of the aetiology, risk

factors, correlates, onset, early symptoms, course, and
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prevalence of child psychiatric conditions, including con-

duct disorder (CD) [48], oppositional defiant disorder

(ODD) [40], tic disorders, bipolar disorder, attention-deficit

hyperactivity disorder (ADHD) [74], schizophrenia [65],

and autism spectrum conditions (ASC) [63]. Two of these

conditions (CD and autism) will be discussed in more

detail to provide specific examples of the issues that need

to be addressed, but the gaps are at least as large for the

other childhood neurodevelopmental and psychiatric

disorders.

Risk factors and correlates

The literature on CD provides a useful example of the gaps

in our knowledge of risk factors of neurodevelopmental

disorders and mental health problems. Many risk factors

and correlates have been proposed, but few have been

established as causative [15, 48]. For example, harsh and

inconsistent parenting has been repeatedly shown to be

associated with CD/ODD, but we do not know to what

extent it is a cause or a consequence [19]. Perinatal com-

plications, genetic predisposition, neurocognitive deficits,

low IQ and parental antisocial behaviour are also impli-

cated, but many outstanding questions remain about the

exact nature of these risk factors and the way in which they

may interact [48]. Epidemiological studies of CD/ODD in

preschool children in the general population are rare [16,

39, 41]. Furthermore, important nosological questions

remain, for example the contribution of callous-unemo-

tional symptoms, the importance of gender differences and

the relationship between ODD, CD and anti-social per-

sonality disorder [48]. We also need to know more about

the key genetic determinants and the utility of physiolog-

ical biomarkers.

Autism research provides another useful illustration; we

know that genetic factors are very important in autism [82]

and siblings are at much increased risk of being diagnosed

with ASC after infancy [94], but again methodological

issues preclude generalisable conclusions as to the mag-

nitude of the risk involved. Longitudinal population-based

studies are required to establish the utility of these markers

and consequently to develop robust early screening and

diagnostic tools.

Course and stability of disorders

Continuing with the example of autism, whilst several

studies have assessed prevalence [3, 18, 23, 58, 88, 90]

there is less conclusive evidence about the course and

stability of the disorder, especially throughout the first

5 years of life. There is a significant body of evidence that

predictors of autism exist in early childhood [12, 24, 91,

94]. These include failure to react to own name, decreased

initiation of joint attention, odd reactions to sensory stim-

uli, and pathological or unusual motor/movement patterns.

However, referral and recall bias, small sample size and

other methodological considerations still limit the general

predictive and clinical value of such parameters.

Problems with existing studies of early

neurodevelopment and child psychopathology

Many studies that focus on the early determinants of child

psychopathology are weakened by their methodology.

Clinical samples cannot give a comprehensive under-

standing of overlap with normality and issues of co-mor-

bidity as the thresholds of discrete conditions are already

defined, whilst cross-sectional studies cannot enhance our

understanding of developmental processes. As Pickles and

Angold [57] state, in order to understand the relationships

between psychopathology, its aetiology, outcome, and

other factors, ‘‘we need to adopt a truly empirical approach

that is unblinkered by either categorical or dimensional

prejudices’’. Retrospective studies of early predictors of

psychopathology are limited by issues of recall bias whilst

prospective cohorts of subjects at ‘high risk’ [6, 10, 20, 37,

44, 45, 47, 79, 91, 92, 94] may reveal early indicators of

neurodevelopmental disorders, such as autism, but are

subject to a variety of forms of selection and ascertainment

bias. For example, prospective studies of children exposed

to smoking in pregnancy and of children with very low

birth weights have shown increased rates of ADHD and of

ADHD/autism symptoms [34, 35], but to what extent such

factors alone can contribute to these difficulties can best be

determined in the context of general population birth

cohort studies. Furthermore, approaches limited to ‘high

risk’ families will inevitably fail to help us understand the

common sporadic cases.

Early intervention in disorders of social development is,

a priori, more likely to be effective than late intervention,

but data confirming this assertion are lacking largely

because of the lack of sensitive and specific techniques to

identify at-risk children. In order to develop complex

interventions to improve health [7], there is a need to define

the causal models for these disorders better, which in turn

require epidemiological investigations [11, 32]. Large

population studies have been extremely rare in this field.

Advantages of the birth cohort methodology

Prospective, unselected birth cohorts, followed from

pregnancy or birth, allow us to study early neurodevelop-

ment and behaviour without the methodological weak-

nesses outlined above. If a representative sample of the

general population can be recruited in the pre- or perinatal

period and retained throughout childhood, difficulties with
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selection bias can be overcome. Early exposures, which

can be considered in understanding the development of

childhood psychopathology, include those present at the

time of conception (genetics), during pregnancy (the

intrauterine environment: toxins, placental function,

maternal cortisol, etc.), at birth (asphyxia, trauma, etc.) and

during the postnatal period (infection, feeding modality,

parent-infant interaction etc.). Relationships between

exposures, outcomes, and other influential factors can be

considered in a temporal context to allow mapping of

developmental trajectories, and overlap between disorders

and between psychopathology and normality can be elu-

cidated [70]. Although selection bias is less of an issue for

birth cohorts, this design always carries the risk of differ-

ential attrition over time, giving a less stable basis to the

generalisability of findings.

Advantages of the antenatal birth cohort methodology

The advantages of a birth cohort methodology are capita-

lised upon if recruitment takes place antenatally. In a recent

review paper, Shulruf et al. [70] highlight the importance of

taking an holistic view of child development in order truly

to understand ‘‘the complex way in which developmental

trajectories across different domains are determined and

interrelated’’. Shaw et al. [69] demonstrated this by finding

that the trajectory of change in the thickness of the cerebral

cortex is most closely related to level of intelligence rather

than cortical thickness itself, measured at any one point in

time. Any developmental outcome can only be considered

as a snapshot of any one trajectory, and as such it is essential

to ensure that we measure a range of relevant factors lon-

gitudinally from as early as possible. There are clear

advantages in measuring such factors as parental person-

ality/mental health and family functioning before the arrival

of a baby, as the baby may influence these, and Shulruf et al.

[70] conclude that any new longitudinal study of child

development should gather data in the antenatal period.

We conducted this review with a view to identifying

systematically which birth cohort studies measured

important exposures in the pre- and/or perinatal period and

also measured behaviour, temperament/personality, par-

ent–child relationships, language and social functioning,

neurodevelopment, intellectual functioning and psychopa-

thology, including autism, in childhood.

Methods

Birth cohort studies (published and in progress) were

identified from 6,248 references retrieved from the fol-

lowing internet-based bibliographic databases to May

2006: (1) EBM Reviews, (2) British Nursing Index, (3)

CINAHL, (4) EMBASE, (5) ERIC, (6) OVID Medline and

(7) PsychINFO. The search term ‘birth cohort’ was used.

Secondary referencing, birth cohort study websites, internet

search engines and consultation with workers in the field

identified further studies. Further searches using these

methods were employed to gather as comprehensive

information as possible on identified studies to the end of

2007, and information was also requested directly from 21

birth cohort study research teams (see Table 14—online).

Inclusion criteria

The following inclusion criteria were used:

1. Human study population;

2. Birth cohort study defined by:

(a) identification antenatally or at birth;

(b) cohort recruited from an unselected population

(rather than clinical) base;

(c) some prospective data collection from antenatal/

perinatal period;

(d) measures to include at least one assessment of

behaviour, temperament/personality, neurodevel-

opmental or psychiatric status (questionnaire or

direct observation) before 19 years of age.

In total, 105 birth cohort, epidemiological or longitudi-

nal studies were identified of which 20 studies met the

inclusion/exclusion criteria and were reviewed in full

(Table 1). Details of studies that did not meet the criteria

are presented in Table 13 (online). A fuller account of the

measures of the included studies can be found in

Tables 5–12 (online). We discuss issues of study design

and measurement for the 20 included studies, and give a

brief outline of certain seminal studies that did not fully

meet the criteria.

Results

Basic details of each of the 20 included studies are outlined

in Table 1, with further summarised information given in

Tables 2–4 (online). Twelve studies referred to cohorts

recruited antenatally and the remaining eight cohorts

enrolled around the time of birth. The sample sizes of the

studies ranged from 831 to 100,000 and recruitment rates

from approximately 30 to 99% of those targeted. Only

three studies (Christchurch, Copenhagen County, and the

Norwegian mother and child cohort) focussed specifically

on autism/child mental health/neurodevelopment and the

sample sizes of these studies ranged from 1,265 to 88,027.

Only two of these studies (Christchurch and Copenhagen

County) had measures of neurodevelopment in the first
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2 years in the whole cohort, but the relatively small sample

size in one of these (Christchurch) precluded study of rarer

disorders, and Copenhagen County did not recruit antena-

tally, precluding a full understanding of the prenatal

environment.

We now present information on sampling and method-

ology for each of the 20 studies meeting inclusion criteria,

starting with the 12 antenatally derived cohorts, followed

by the eight cohorts recruited at birth. We then describe

five key excluded studies. Within these subsections the

studies have been ordered alphabetically.

Cohorts recruited antenatally

Amsterdam born children and their development (2003–

2005) Focusing, in part, on psychosocial health, this

current study from the Netherlands follows 7,051 infants

from pregnancy through to 5 years of age [80] (http://www.

abcd-study.nl/). A range of demographic, biological, psy-

chosocial and behavioural information on the parents was

collected antenatally, with routine birth data recorded at

4–7 days. Information on the postnatal environment,

including mother’s behaviour and psycho-social status, was

collected at 3 months. No data collection occurred between

3 months and 5 years. Whilst infant crying and maternal

soothing and mother–child relationship was assessed, there

was no assessment of infant language or psychopathology.

Measures of child cognitive development and psychological

wellbeing are planned for the next data collection phase at

age 5 years.

Avon longitudinal study of parents and children: (1990–

1992) This study from the Bristol area in the UK inclu-

ded broad examination of biological, environmental, social,

psychological, and psychosocial exposures and their vari-

ous health and developmental outcomes in around 14,000

mother–child dyads [26] (http://www.bristol.ac.uk/alspac/

protocol). Enrolment is estimated at between 80 and 90%

of all pregnancies in the defined target area, and overall

retention is reasonable. Data collection starts from preg-

nancy and is frequent until 5 years of age, with ongoing

regular data collection involving children and parents. The

children are now 17–18 years old. A range of demographic,

biological, psychosocial and behavioural information on

both the mother and her partner was collected antenatally.

DNA samples have been obtained for approximately

10,000 mothers, 10,000 children and 800 fathers (P3G

Observatory [53]. Routine birth data are recorded, and

postnatal environment assessed at 4 weeks. Behaviour,

language, communication and neurodevelopment are

assessed at a range of points throughout childhood.

Mother–child interaction was, however, only assessed in

the ‘children in focus’ sub-sample of 1,000 randomly

selected children, although questions on parent–child

conflict and relationship were included in the 78-month

questionnaire to parents. Child psychopathology was

measured in the whole cohort using the development and

well-being assessment (DAWBA) [28] at 91 months; at

11 years children were assessed for borderline personality

disorder; and at 13 years questionnaires to children inclu-

ded items on eating disorders. Depression (13 and

14 years), psychosis (13 years) and theory of mind

(14 years) were also assessed in clinic visits, but atten-

dance was fairly low so the findings may not be repre-

sentative of the whole cohort.

Birth to twenty study (1990) The transition from apart-

heid to democracy provided the initial context for this

study from South Africa of 3,275 infants from pregnancy to

adulthood [66]. A broad range of topics were addressed,

including child and adolescent health and development,

socio-economic factors and nutrition. Whilst retention was

reasonable, the initial sample failed to recruit mother–child

dyads from private delivery units. Other problems included

high rural–urban migration. A range of demographic, bio-

logical, psychosocial, and behavioural information was

collected on the parents antenatally, with routine birth data

recorded. The postnatal environment was assessed retro-

spectively at 6 months. Behaviour, language, mother–

infant relationship, and neurodevelopment were all asses-

sed through 14 data collection phases from birth until

16 years of age, including face-to-face developmental

assessments at 6 months and 5 years. There was no

assessment of child psychopathology during this period.

Copenhagen perinatal birth cohort (1959–1961) The

sample consisted of 8,820 infants born in the University

Hospital in Copenhagen, Denmark [61, 83]. A range of

demographic, biological, psychosocial, and behavioural

information was collected on parents antenatally, and

routine birth data recorded by physicians. The postnatal

environment was assessed retrospectively at 1 year. Data

collection continued until 33 years, but there was no data

collection between 6 and 18 years, or between 18 and

33 years. Full physical examinations were conducted at 1, 3,

and 6 years, with neurodevelopment (neurological maturity,

neuro-motor development, psycho-motor development)

assessed at 1 year. Intelligence scores were measured at

18 years using the Børge Priens Prøve (BPP) test [64] but

only in 3,773 male cohort members. There was no mea-

surement of behaviour, language or psychiatric symptoms in

the early years, making it difficult to answer questions on

early onset mental health and neurodevelopmental disorders.

Danish national birth cohort (1997 onwards) This study

combines a birth cohort design with information from

national health registers to examine outcomes that include
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behavioural disorders and determinants such as social

environment, genes, diet, and infection [54]. 100,000

pregnant women and their offspring constitute the sample.

Despite this being a very large sample it only constitutes

30% of pregnant women in Denmark during the period of

recruitment. A range of information on the prenatal envi-

ronment was collected at three points during pregnancy,

and birth data were obtained from records. Genetic analysis

was conducted from maternal blood samples and umbilical

cord blood. There is no detailed assessment of behaviour,

language, social functioning, mental health or autism. A

specialised autism health register could, however, be linked

with the study data.

Generation R (2002–2006) This current study of 9,778

infants from the Netherlands focuses on behavioural, cog-

nitive and physical development and their determinants in a

multi-ethnic population [33, 38]. Data are being collected

in 17 phases through pregnancy and the first four years of

life, and at the age of 5 years all children will be invited to

visit the Generation R Research Centre for detailed

assessments [22]. Enrolment, based on partial data, is 61%

of those eligible [38]. A sub-sample of children of Dutch

origin will undergo more detailed assessment. A range of

demographic, biological, psychosocial, and behavioural

information was collected antenatally, with physical

examination of the baby at birth (full cohort) and at

1 month. Neurodevelopment was also assessed in the

Dutch origin subsample at 1 month. Measures adminis-

tered periodically to the whole cohort include the child

behaviour checklist [1] and the infant behaviour question-

naire [21, 67]. Whilst parent psychopathology is assessed

there is no psychiatric assessment of the children and no

measure of language or social functioning.

INMA (Infancia y Medio Ambiente) (2004–2005) This

current Spanish multi-site study aims to examine the role of

environmental pollutants on child development (http://www.

inma.imim.es/). A sample of approximately 3,300 pregnant

women was recruited from various Spanish regions. Whilst

each regional sample has been recruited from a population

base, the focus varies between regions and some samples are

selected (e.g., only mothers giving birth to boys were

recruited in Granada). Outcomes under study include

neurodevelopment, milestones, asthma, and allergies

whilst determinants include prenatal environmental factors

(ultrasound and maternal urine). Whilst there is data

collection throughout pregnancy, there is none between

12 months and 4 years of age. Neurodevelopment and social

competence are measured. There is no measurement of

mother–child relationship or psychopathology.

Mater-University of Queensland study of pregnancy

(1981–1983) The original obstetric focus of the study

gave way to issues of child psychiatry and mental health

[50]. Whilst the sample of 7,223 infants was broadly rep-

resentative of public patients, no private patients were

recruited leaving 42% of hospital births not enrolled. Since

private insurance to cover health care is widespread in

Australia, public hospitals cater to a greater number of less

well-off families with an over-representation of other

health and social risk factors. Disproportionate attrition

from lower socio-economic groups has further reduced the

representativeness of the sample. Psychosocial data were

obtained from mothers during pregnancy, and birth data

obtained from medical notes. Although data were collected

3–5 days after birth, the focus was on the mother’s health

until the next phase at 6 months. Following up to 14 years,

child problem behaviour, language, and cognitive devel-

opment were measured by standardised instruments,

including a face-to-face assessment of the child at 5 and

14 years, but there was no categorical psychiatric assess-

ment. Lack of data collection between 6 months and

5 years means there are important gaps in developmental

information crucial to the understanding of disorders of

behaviour and social communication.

Northern Finland 1 (1966) This birth cohort of 12,068

infants, from Oulu and Lapland in Finland, constitutes a

representative sample (http://kelo.oulu.fi/NFBC). Demo-

graphic, psychosocial, and behavioural data were collected

antenatally, and routine birth data were recorded. No fur-

ther data collection occurred until 1 year when a face-to-

face ‘developmental milestones’ assessment [36] examined

a range of features including neurodevelopment. Cognitive

development and the presence of any major neurological

deficits were recorded at 14 years. Whilst the contribution

of the study to the understanding of adult psychopathology

has been significant, there exist few relevant measures

during infancy and no measures at all between the ages of 1

and 14 years, meaning the study is unable to address key

questions about neurobehavioural development and asso-

ciated disorders.

Northern Finland 2 (1985–1986) In a similarly designed

study to its predecessor this cohort consisted of 9,479

infants at birth [93]. Whilst some data (behaviour and

cognitive development) were collected during school years

(age 7 and 8), these data are not sufficient to answer key

questions about neurodevelopment. Some nested case–

control studies have revealed noteworthy findings on neu-

rodevelopment and low birth weight [93] and family

interaction and behavioural problems [77].

Norwegian mother and child cohort (MoBa)/autism birth

cohort (ABC) Combining a prospective birth cohort and

national registers this study focuses on development, birth

defects, infections, neurodevelopment, and asthma in a
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sample of 100,000 mother–child dyads (88,027 recruited to

the end of 2007 [51, 52]. Whilst this is a very large sample,

and most pregnant women in Norway were invited to

participate, enrolment was between 40 and 50% of preg-

nancies invited to participate in any one year, and so has

to be regarded as a self-selected sample. Demographic,

psychosocial, behavioural, and biological measures are

obtained antenatally and at birth (cord blood sample).

Perinatal factors are assessed when the baby is 6-month-

old. A sub-study conducted from 36 months managed by

Columbia University (autism birth cohort, ABC) focuses

on autism. Antenatal measures largely concern physical

and diet/feeding aspects and no in-depth psychosocial or

mental health issues are addressed until age 3.5 years when

clinical autism diagnostics are administered to potential

cases and randomly selected controls. Parental mental

health is not addressed in depth.

Port Pirie study, Australia (1979) The main aim of this

study was to provide evidence on the link between lead

exposure in children born near a lead smelter and detri-

mental effects on cognitive, intellectual, and behavioural

development [2]. Around 90% of pregnancies were enrol-

led in the study resulting in a sample of 723 infants. Blood

samples were taken in pregnancy and at birth, with

the perinatal environment assessed retrospectively at

6 months. Whilst intellectual functioning, behaviour, and

development were measured, including face-to-face

developmental assessments at 2, 4, and 7 years, the size of

the sample is too low to study disorders of behaviour and

communication. Furthermore, there was no psychiatric or

mental health assessment. Infants at high risk of lead

exposure cannot be said to be representative of the general

population.

Cohorts recruited at birth

British cohort study (1970) In order to make comparisons

with the 1958 National Child Development Study cohort

(see below), 17,198 children were enrolled at birth from

across the UK and are still being followed-up (they are

now 38 years old) (http://www.cls.ioe.ac.uk/studies.asp?

section=0001000200020010). The initial focus was on

social and biological characteristics of mothers in relation

to neonatal morbidity, with later data collection taking in

broader social, physical, and educational development. The

enrolment rate was good (at 96% of all births), and efforts

were made to include all types of hospital (i.e., private,

NHS, military, and prison) and home births, but only 65%

of the sample was retained to 16 years (the last childhood

data collection). The pre-/perinatal environment (demo-

graphic, behavioural, and medical) was assessed at birth,

with no further data collection on the whole sample until

5 years (and again at 10 and 16 years). Data collected from

subsamples at 22 and 42 months included a face-to-face

‘developmental screening questionnaire’ which included

some assessment of the child’s motor and cognitive

development. Behaviour problems, language, cognitive,

and neurological development were assessed in the whole

cohort using standardised instruments. There was no

assessment of psychiatric symptoms and a lack of data

collection within the first 5 years of life making it difficult

to answer questions on early onset mental health and

neurodevelopmental disorders.

Children’s health and environment in the Faroes (CHEF),

cohort 1 (1986–1987) A birth cohort of 1,023 children

born between March 1986 and December 1987 was

established and was followed-up at age 7 and 14 years

[31]. The focus was on intrauterine methylmercury expo-

sure, as measured by concentration in mothers’ hair and

cord blood at birth, and its relation to later development.

Ninety percent of the original cohort was retained at age 7,

but only 67% had full exposure data [31]. Eighty-five

percent of the survivors of the original cohort were

retained at age 14 [49]. Studies showed an association

between poorer neurological functioning and methylmer-

cury exposure, but there were no measures of child

psychopathology.

Christchurch health and development study (1977) This

is the only study in this review in which overall child and

adolescent mental health represented a key focus from the

stage of the original design [17]. The study is of 1,265

infants from Christchurch, New Zealand, followed from

birth [17]. Initial enrolment rates were good whilst attrition

was disproportionately from lower and middle socio-eco-

nomic groups. Annual data collection took place until the

cohort members reached 21 years of age, at which point

80% (n = 1,011) of the original cohort was retained. A

range of demographic, biological, psychosocial, and

behavioural information (including birth data) was col-

lected from parents at birth, with the postnatal environment

assessed retrospectively at 4 months. There were no

standardised measures of behaviour, neurodevelopment,

psychopathology, and language in the preschool years.

Behaviour and language development were assessed

through the school years, with parent–child relationship

assessed at age 15–16 years. The child psychiatric self-

rating scale [4] was administered at age 9–10 years, and at

age 18, participants were asked about psychiatric problems

since the age of 16 using a questionnaire based on the

composite international diagnostic interview (CIDI) [89].

There were no face-to-face clinical assessments of the

participants’ mental health. The relatively modest sample

means that lower prevalence disorders such as autism were

not studied.
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Copenhagen County child cohort (2000) One of only two

studies in this review focussing on infant psychopathology

and a detailed clinical assessment at 18 months; this study

involved public health nurses and health registers follow-

ing 6,090 infants from Copenhagen, Denmark, from birth

[72]. Within 2 weeks of birth, demographic, psychosocial,

and birth data were collected from mothers, and the child’s

health (including mental health domains) was assessed.

Through parent report, direct observation, and standardised

physical and developmental assessments, information was

collected at three further points in the first 10 months on

the general development of the child, the relationship

between mother and child, and family relations [72].

Specific developmental milestones (psychomotor develop-

ment, language/communication appropriate for age, social

and emotional state) were assessed at each of these early

data collection points, and the mental health of the infant

was assessed comprehensively, including domains of psy-

chomotor regulation, eating, sleeping, language develop-

ment, social interaction, emotional state, and mother–infant

relation [72]. At 18 months 200 cases (identified through

the public health nurse screening) and 200 randomly

selected controls were subjected to detailed psychiatric and

psychological assessment, including measures of autistic

traits [71]. This study offers rich information on the first

year of life, with key papers on the reliability of diagnostic

tools [71] and the prevalence of psychopathology [73] in

early childhood. Nevertheless, the lack of assessment

between 18 months and the next phase at 5 years does not

allow a full assessment of early risk and protective factors

for childhood mental health problems.

National child development study (1958) Originally con-

ceived as the perinatal mortality survey, this ongoing study

recruited 98% of all births (17,414 children) in England,

Scotland and Wales for 1 week in March 1958 (http://www.

cls.ioe.ac.uk/studies.asp?section=0001000211130012).

Eighty percent of the sample was retained to 16 years and

follow-up continues. Midwives provided information on

mothers’ antenatal care, demographics, and birth data. The

postnatal environment was not assessed as no further data

were collected until the child reached 7 years. Parent

interviews included questions on behaviour, family rela-

tionships, and the child’s health (including mental health),

but only the child’s physical health was assessed directly.

Language and cognitive development was assessed and

teachers completed standardised social adjustment and

behaviour measures. There were no measures of child

psychopathology.

National Institute of Child Health and Human Develop-

ment (NICHD) study of early child care (SECC)

(1991) 1,364 babies born at ten sites across the USA in

1991 were recruited to this study at birth. Unfortunately, no

data were collected (apart from recruitment information)

until the end of the perinatal period (http://secc.rti.org/

summary.cfm); 1,364 mothers were enrolled from a total of

8,986 giving birth in the sampling period. In addition to

conventional exclusion criteria (e.g., medical problems),

children of mothers under the age of 18, mothers who were

not fluent in English, and mothers living in neighbourhoods

deemed unsafe for research assistants to visit were exclu-

ded from the study. At the first data collection (1 month)

infant temperament, maternal depression, parental stress,

parental locus of control, parental relationship quality (as

perceived by mother); and maternal separation anxiety

were assessed, along with broader social and economic

factors. Subsequently this cohort has been regularly fol-

lowed up with a wide range of measures. In the early years

these included the MacArthur communicative development

inventories, the Reynell developmental language scales,

the strange situation technique, the Bayley scales of infant

development in the early years, as well as regular periods

of observation of behaviour and environment. Later

childhood data collection focused on children’s lived

experience, including friendships and school attainment, as

well as direct measurement and observation of develop-

ment progress and behaviour. Psychiatric symptoms were

regularly monitored using Achenbach’s child behaviour

checklist, including at the most recent follow-up at age

15 years (2006).

Pacific Islands families study (2000) Physical, neuro-

logical and behavioural development were studied from

birth in a cohort of 1,398 infants born to at least one parent

of Pacific Island ethnicity resident in Auckland, New

Zealand [55]. Enrolment was approximately 80%. No

antenatal data were collected. Child behaviour, language,

and neurodevelopment measures were completed in six

data collection phases from 6 weeks to 6 years in addition

to a number of other parental psychosocial measures.

Children were assessed directly using the Bayley infant

neurodevelopmental screen at 12 months and during home

visits at 2, 4, and 6 years. Further data collection is planned

for when the children reach 9 and 11 years of age. The

relatively small sample and a lack of categorical psychi-

atric assessment would prevent questions about prevalence

of psychiatric diagnoses and comorbidity being answered.

Pelotas birth cohort study (1993) Longitudinal epidemi-

ological research is rare in developing countries, and the

focus of this Brazilian study was necessarily broad [84,

85]. Strong recruitment resulted in a representative sample

of 5,249 infants, but only a sub-sample of between 13 and

20% was followed-up, and there was no data collection

between 12 months and 4 years. Full follow-up has since

re-commenced with data collection at age 11 and 15 years.

No data were collected antenatally, although mothers’
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behaviour during pregnancy (smoking, etc.) was assessed

at birth. Whilst neurodevelopment was assessed there was

no measurement of behaviour, language, social function-

ing, mother–infant relationship or psychiatric symptoms in

the early years.

Key excluded studies

There were five studies which, although not fitting the

inclusion criteria, are significant to the field and worthy of

note here.

Dunedin multidisciplinary health and development study

(1972–1973) This was excluded from our analysis as the

cohort was retrospectively identified (when the children

were 3 years old), with the eligible population being those

born within the defined dates and still resident within

Dunedin. This ongoing study has gone to great lengths to

retain its participants and at the 26-year phase collected

data from 980 participants (96% of the living cohort) [59].

It has made an invaluable contribution to our understanding

of gene–environment interaction in child psychopathology;

Caspi et al. [9] showed that the neurotransmitter-metabo-

lizing enzyme monoamine oxidase A (MAOA) appears to

moderate the effects of maltreatment, in that high MAOA

activity may be a protective factor in relation to abusive

parenting. Further, Caspi et al. [9] demonstrated a moder-

ation of the association between childhood maltreatment

and adult depression by the 5-HTT (serotonin transporter)

genotype. The design, however, precludes answering

questions about the associations between early neurode-

velopment and later psychopathology.

Millennium cohort study (2001 onwards) Focused on

understanding the social circumstances surrounding birth

and early childhood, this sample of 18,818 children drawn

from all live births across the UK over 12 months was

excluded from this review as the cohort was identified

retrospectively from child benefit records at 8 months.

Nevertheless, a broad range of important data have been

collected, including parental background, birth data, pre-

and perinatal environment, parents’ mental health, maternal

attachment, baby’s temperament and behaviour. Children’s

cognitive development and emotional and behavioural

problems and parenting were assessed at 3 and 5 years, and

there are plans to continue to measure these in future sweeps.

There are no plans to include a psychiatric assessment or any

focus on rare conditions such as autism. At the most recent

sweep (5 years) 79.2% of the cohort was retained.

NBR and NIR Sweden study (1973–1977) Information on

507,516 children born in Sweden between 1973 and 1977

was accessed through the National Birth Register and linked

to corresponding records on the National Inpatient Register

systems between 1987 and 1995. There were 238 cases of

schizophrenia diagnosed within the cohort, with pre-

eclampsia presenting an increased risk for such a diagnosis

[13]. However, as the schizophrenia diagnosis was made

any time between the ages of 14 and 23 years of age, the

extent to which this represents association with a childhood

mental health problem is not clear from the published work.

Newcastle thousand families study (1947) All 1,142

babies born in Newcastle upon Tyne in May and June 1947

were recruited in a study originally designed to focus on

infant mortality and morbidity. A broad range of data was

collected, and the study expanded, with children being

followed-up regularly (at least annually) until the age of 15

(at which point data were gathered on 67% of the original

cohort; 28% had left Newcastle and were not followed-up

until age 50) [43]. This study was excluded as no measures

of childhood psychopathology, behaviour, parent–child

interaction, language development or neurodevelopment

were taken. IQ was measured at age 11 (the ‘eleven plus’

exam); however, and analyses conducted relating this to

physical growth [56].

Swiss etiological study of adjustment and mental health

(SESAM) (2007 onwards) This antenatally recruited cohort

study began in October 2007, but as yet there are no published

papers. The study website (http://www.sesamswiss.ch,

accessed 19th March 2009) indicates that recruitment rates

were low and that work on the cohort is being discontinued.

Discussion

Cohort studies have provided a rich resource for improving

our understanding of how conditions develop over time and

how outcomes later in life can be influenced by exposures

in childhood. For example, the ALSPAC study has dem-

onstrated how antenatal maternal anxiety is associated with

conduct problems in middle childhood [25] whilst the

Dunedin study has demonstrated important genetic envi-

ronmental interactions in the development of psychopa-

thology [8, 9]. These are just two examples from a wealth

of data, but they illustrate how the longitudinal method is

unique in its ability to elucidate developmental processes.

Despite this wealth of data, important gaps remain. Our

review shows that whilst there are a number of cohort

studies examining child and adolescent mental health

outcomes, there are relatively few that have recruited from

birth or antenatally within a population base. Without

recruitment prior to babies being born, there is no way of

assessing the environment (including the parents’ mental

health and the home environment) as a true baseline, i.e.,

independently of the new baby. Without recruitment from a

population base there is no way to answer questions about
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the dimensionality of putative risk factors for mental health

problems. Where studies have met these inclusion criteria,

there are often time gaps in data collection (see Fig. 1) that

make it difficult to gain a full understanding of complex

neurodevelopmental trajectories. Some studies have

intensively gathered data in the first year or two of life, but

then failed to follow children up until much later (e.g.,

Copenhagen County; Danish national birth cohort). On the

whole, with the exception of six studies (ALSPAC, Birth to

twenty, Christchurch, Generation R, NICHD SECC and

Port Pirie), there is little data collection between the ages of

1 and 3 years. Similarly, apart from four studies (ALSPAC,

Birth to twenty, Christchurch, and NICHD SECC), later

childhood is also somewhat overlooked. Annual data col-

lection beyond the age of 5 is rare. In many studies,

however, the time period assessing children in late child-

hood has not yet been reached.

Further, it is relatively rare for studies to collect data on

psychopathology in childhood. There are broader measures

of mental health and well-being, such as parent self-report

of perceived problems and more formal screening mea-

sures such as the strengths and difficulties questionnaire

[27, 29]; but the direct clinical assessment of psychiatric

symptoms is fairly rare, particularly in early childhood

where development is most rapid. Some studies only begin

to ask questions about psychopathology when participants

reach their teenage years, where self-report measures and

routine data sources can be more easily employed.

It would seem then that there is a trade-off between

regularity of data collection and focus of study. ALSPAC

and Birth to twenty have collected data on an annual basis

on children who are now young adults, but these studies

have had a broad focus. They tell us much about children’s

lives but in doing so cannot focus on every aspect of

development. Sub-studies such as the ALSPAC children in

focus cohort and nested sub-studies on high scoring cases

such as that within the Copenhagen County study are a

useful means to address this dilemma. Ideally, however,

future research should aim to take in a large population

with regular (at least annual) data collection and focus

specifically on mental health outcomes. This is the best

means by which we can expand our understanding of

developmental trajectories of all children, thus enhancing

our ability to help the most vulnerable.

Diagnostic categories, whilst an invaluable clinical tool,

inevitably encourage a hypothetico-deductive form of rea-

soning. They are also useful tools in research, but as Pickles

and Angold [57] state, researchers need to work on devel-

oping a more ‘fluid set of tools’ to allow us to better analyse

and communicate issues of psychopathology. Clinical

researchers working with prospective study designs have a

responsibility to not be constrained by current thinking. The

reality remains that we know relatively little about rarer

disorders such as autism and reactive attachment disorder,

and the clear presence of overlap between conditions means

we are unlikely to be able to develop something

approaching a ‘clear picture’ without taking a more open

and inductive approach to formulating research questions.

Birth cohorts are used for a variety of purposes, and this

review highlights differences between cohort designs which

may affect how their findings can be interpreted. This area

of research often needs large sample sizes, and the ideal

design for a cohort investigating the full breadth of child-

hood psychopathology would involve the entire population

Study name ante birth 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19+
ABCD
ALSPAC
BT20
BCS
CHEF
CHRISTCHURCH
COPENHAGEN PERI
COPENHAGEN COUNTY
DNBC
GENERATION R
INMA
MUSP
NCDS
NICHD SECC
NORTH FINLAND 1
NORTH FINLAND 2
NORWAY
PIF
PELOTAS
POR TPIRIE

Key: =current point intimeline = data collection took place 

Year of life (cohort children)Fig. 1 Timeline for each

included study
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of an area born in a given time period. Studies such as the

British cohort study very clearly achieved this, recruiting

96% of all births in England, Wales, Scotland and Northern

Ireland within a single week. This study was, however,

conducted in 1970, and it is unlikely that in the current

climate such good coverage would be achieved. Other

studies have taken longer to obtain very large cohorts. The

Danish national birth cohort and the Norwegian mother and

baby study have recruited very large samples from a pop-

ulation base. These large numbers were recruited by sam-

pling a small percentage of births in any one time frame

over a number of years. This means that they are ultimately

only representative of a small proportion of all pregnancies

within the target population over that time period. Only with

very good routine data on the whole population, which both

Norway and Denmark have, is it possible to say how rep-

resentative these participants are of the general population.

The Spanish INMA study has a widely dispersed sample

that has been partially selectively recruited from target

populations. Whilst there is no doubt that a wealth of

important data can be obtained from this large multi-centre

study, it may be difficult to make generalisations from the

findings of this study to the broader population.

There are also many similarities in methodology between

the cohort studies reviewed here, and it is possible that these

can be utilised to generate larger datasets and possibly

meta-analyses, especially in the case of regions where good

routinely collected data are available. But as demonstrated

in Tables 5–12, it is rare that similar measures have been

used across cohorts. Any new cohort should be designed in

the context of what data is already available and in con-

sideration of methodology already being applied.

Swanson and Wadhwa [76] address critical issues which

should be taken into account in birth cohort studies of

developmental psychopathology. These include: the

simultaneous assessment of putative risk factors in the

same cohort; the longitudinal assessment of environmental

factors from before conception through pregnancy; foetal

life, birth, and infancy; and finally, the investigation of the

interplay between gene and environment, as found in the

Dunedin study [8, 9], which may be by the epigenetic

modification of nuclear DNA and chromatin structure

during critical periods in early development and over time

and under various environmental conditions [14, 86]. These

issues must all be considered in birth cohort studies if

crucial details about child neurodevelopmental and psy-

chiatric disorders are to be understood. Such studies,

however, are likely to be expensive. Ideally, future birth

cohort studies will be structured so as to include all known

potential risk/protective factors and confounders, begin in

the antenatal period, continue with frequent measures

throughout childhood of all the relevant variables and

include regular in depth assessments of mental health

outcomes in a population powered to examine both

common and rare disorders. Clearly in any study, these

considerations need to be balanced against cost. The use of

excellent routine datasets, such as those available in

Scandinavia and in some parts of the UK, can be a useful

way of maintaining regular data gathering in large repre-

sentative populations when regular face-to-face data gath-

ering is unfeasible. Researchers nevertheless need to be

aware of the dangers of very large studies, yielding false

positive findings, or findings which are statistically

significant but of limited public health importance.

To date there is no single cohort that can tell us all we

need to know about the full range of very early processes

which may contribute to the development of problems with

social relationships. For example, neurodevelopmental

problems are more common in children living in situations

of low environmental stimulation such as institutions [68].

We do not yet know to what extent this observation is

explained by genetics, the environment or their interaction.

There is a lack of basic observation of children in the very

early years in the existing studies and innovative methods

for capturing early social interactions among large numbers

of families which need to be developed to tackle this issue.

Despite the issues raised in this paper regarding previous

birth cohort research, it is clear that this is a methodology

that continues to develop and thus enhance the knowledge

base on child and adolescent mental health outcomes. This

review demonstrates what birth cohort studies can add to

cross sectional data. They allow for the investigation into

factors that are not possible to examine in cross-sectional

studies, for example, risk factors, onset and early symp-

toms of neurodevelopmental and mental health problems.

Examining the methodology of previous studies allows this

progress to continue and helps build the path for the

development of an optimal birth cohort design and method

in the future. In addition, it leads to further questions

regarding birth cohort studies, most notably the potential

for a further systematic review examining the results of the

studies reviewed in this paper.

Limitations

This review has set out to offer a comprehensive account of

birth cohort studies derived from a population base that can

answer questions on the precursors of child and adolescent

mental health problems. We have, however, relied on the

search term ‘birth cohort’ to identify what is a large and

diverse body of work. Whilst this has been supplemented

by secondary referencing and consultation with colleagues,

the fact that some studies only came to light as a result of

this supplementary research means that the possibility

always remains that further studies exist but have not been

documented here. Furthermore, whilst every attempt has
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been made to identify all data collected within each study,

including contacting study staff directly, there remains the

possibility that important measures that would have

informed this review have been inadvertently omitted.

Similarly, although we applied a broad definition of ‘child

and adolescent mental health’ (see Tables 5–12, online)

this may not include all measures that may be of interest to

all readers. The measures have been listed according to

broad category, but we acknowledge there may be differ-

ences of opinion about the categorisation of some measures

(e.g., whether to label as temperament or behaviour).

This review has focused on the measures used in birth

cohort studies in relation to child and adolescent mental

health outcomes, but has not explored the findings of these

studies. To do so would have made this paper too lengthy,

and so exploration could present an opportunity for future

reviewers. It is, however, debatable whether large cohort

studies should be entirely hypothesis driven, or should

simply be resources for asking questions which may or

may not have been formulated at the time of data collec-

tion. Some questions that have been answered within

cohorts could not have been asked at the start of the study

because technology and scientific understanding have

advanced throughout the life of the study.

Conclusion

This review demonstrates that whilst there are a number of

population-based birth cohort studies that measure mental

health outcomes in childhood, no study gives a broad view

of the development of child and adolescent psychopathol-

ogy or of the spectrum of healthy and pathological social

relationships.
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