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Abstract 

 

The prenatal period is recognised as a critical period for later behavioural 

development. This study aimed to elucidate how an adverse prenatal environment, as defined 

by the presence of a number of known prenatal risk factors, would influence mental health 

trajectories in children to 14 years of age. The Raine Study provided comprehensive data 

from 2 900 pregnancies. Offspring were followed up at ages two, five, eight, 10, and 14 years 

using the Child Behaviour Checklist (CBCL). We used linear mixed regression models with 

random intercept and slope (random effects models) to examine the extent to which the 

predictor variables considered influenced changes in continuous CBCL total, internalizing, 

and externalizing T-scores from ages 2 to 14. In the final multivariate models, increased 

offspring CBCL T scores were significantly predicted by the mother not finishing high 

school, smoking during pregnancy, having a total family income below the poverty line, 

being diagnosed with gestational hypertension and experiencing stressful life events during 

pregnancy. Conversely, as maternal age increased, CBCL T-scores were significantly 

decreased. Child age also significantly interacted with maternal education, total family 

income, and maternal stressful life events, such that these variables predicted increases in 

CBCL scores from age 2 to age 10, and from age 2 to age 14 years. In the Raine Study 

sample, children who experienced adverse prenatal environments experienced increased 

levels of problem behaviours in childhood, and more problematic mental health trajectories. 

Maternal health risk behaviours and other psychosocial variables more commonly affected 

child behaviour than obstetric complications. 
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The association between prenatal environment and children’s mental health from 2-14 

years 

 

The World Health Organization [1] estimates that one in five children and adolescents 

experience mental health problems. Mental health problems are a leading cause of health-

related burden worldwide, accounting for up to thirty per cent of years lost due to disability 

during the first three decades of life [2]. It is well established that mental health problems in 

childhood and adolescence have a significant influence on mental health in later life [3], and 

mental health problems in childhood are known to predict other negative outcomes in later 

life, including school non-completion [4], physical health problems [5], drug and alcohol 

misuse [6], marital difficulties [7], increased mortality [8], injury risk [9], and involvement in 

the criminal justice system [10]. Prevention and early intervention are thus essential if we are 

to manage mental health and related morbidities at a societal level. 

It is increasingly recognised that many risk factors for poor mental health are present 

in the prenatal period [11]. Studies have identified two broad components of the fetal 

environment that relate to later mental health in the child: maternal health risk behaviours and 

obstetric complications [12-14]. Maternal health risk behaviours may reduce the quality of 

the fetal environment by altering the supply of oxygen to the fetus, and/or by directly 

transferring maternal cortisol or other agents to the fetus across the placenta. Obstetric 

complications are also thought to affect later mental health outcomes via a sub-optimal fetal 

environment. While gestational hypertension affects the supply of blood and hence nutrition 

to the fetus [15], intrauterine growth restriction (as indicated by low birthweight for 

gestational age and spontaneous preterm birth) are indicators of prior disruptions to the fetal 

environment [16]. 

A number of maternal health risk behaviors have been identified as predictors of poor 

offspring mental health. These include maternal cigarette smoking, alcohol consumption, and 

stress. Maternal cigarette smoking has been associated with increased risk for internalizing 

and externalizing behaviours over a number of studies [17, 18] as well as specific diagnoses 

such as Attention Deficit Hyperactivity Disorder [19]. Prenatal exposure to a large amount of 

alcohol has a known teratogenic effect on the embryo, and has been linked to a range of 

behavioural problems in offspring [20], most notably Fetal Alcohol Syndrome and Fetal 

Alcohol Spectrum Disorder. Most inquiry in the area has focused on the impact of heavy 

drinking on the fetus. The data regarding low to moderate levels of drinking and mental 

health and behaviour in offspring is mixed, with some studies suggesting adverse behaviour 
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outcomes in offspring are associated with as little as one alcoholic drink per week [21], while 

others suggest no increased risk for adverse behaviour outcomes in offspring with light-

moderate drinking during pregnancy [22]. Maternal exposure to stress during pregnancy has 

also been found to influence mental health in offspring, with links to increased risks for 

difficult infant temperament [23], Attention Deficit/Hyperactivity Disorder (ADHD) in boys 

[24], and adolescent psychosis [25]. Stress in pregnancy has also been found to predict 

mental health morbidity in preschool children, and in children from 2-14 years of age [26, 

27]. 

Obstetric complications have also been implicated in later offspring mental health and 

behaviour. Gestational hypertension is hypothesized to act on later child development 

through changed supply of blood and nutrition to the fetus. There is limited evidence on the 

relationship between hypertensive diseases of pregnancy and child mental health outcomes, 

and that which does exist is mixed. Gestational hypertension has been found to predict 

internalizing and externalizing mental health problems in offspring from age 8 to 14 [28], and 

difficult infant temperament in the first year of life [29]. In the case of preeclampsia (PE) 

diagnosis, two studies have found relationships between PE during pregnancy and negative 

psychological outcomes in offspring [30, 31], one study found no relationship between PE 

and adverse outcomes [32], and one study found that PE was associated with decreased risk 

of internalizing problems in children at ages 5 and 8 [28]. Intrauterine growth restriction, as 

characterized by low birthweight and/or spontaneous preterm birth, may also represent 

disruption to the fetal environment and thus disrupt child development. A recent meta-

analysis concluded that children born very low birthweight (≤1500 g) and/or very preterm 

(≤33 weeks' gestation) have moderate to severe deficits in attention, and increased levels of 

internalizing behaviours [33]. Low gestational age in weeks has been found to be a 

significant risk factor for behaviour problems at ages 2 and 5 [26], and being born very 

preterm (<26 weeks) has been linked to increased risk for diagnoses of emotional disorders, 

ADHD, and autism spectrum disorders at 11 years of age [34], and higher levels of general 

internalizing and externalizing problem behaviours at age 10 [35]. In cases of late preterm 

birth (36-38 weeks gestation), a number of studies have found no difference in behaviour 

outcomes relative to term births although one of these studies found that children born at 37 

weeks gestation were at increased risk of overall and externalizing behaviours [36] compared 

to children born full-term (>38 weeks).  

Importantly, mental health problems in children are highly dynamic in terms of their 

onset, persistence, and severity. It is known that the first onset of mental health problems 
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most often occurs in childhood or adolescence, and that severe disorders occurring later in 

life are often preceded by less severe problems [37]. However, whilst we have a great deal of 

information about the onset and severity of mental health problems and the variables that 

influence them, we know comparatively little about the course of mental health problems in 

childhood and adolescence and the factors that may influence course. Previous studies have 

indicated that household income at birth can influence rates of depression and antisocial 

behavior in offspring, and that subsequent increases in income over time can act to reduce 

child mental health problems [38]. Antisocial behavior in children has also been found to 

reduce over time when family dysfunction is reduced [39]. It is thus important to understand 

how socioeconomic and psychological variables, as well as other known predictors of onset 

of mental health problems, relate to the course of mental health problems across childhood 

and adolescence. 

While the impact of individual prenatal adverse exposures at a single point in time on 

child mental health problems has previously been examined, the relative impact of these 

exposures and their interaction with time on the onset, persistence, and severity of mental 

health problems in children has yet to be examined. This study aimed to elucidate how an 

adverse prenatal environment, as characterized by the presence of a number of known risk 

factors, would influence mental health trajectories in children from two to 14 years of age, 

with attention to the relative importance of different prenatal risks. 

 

 

Method 

Study design and participants 

 Participants were taken from the Western Australian Pregnancy Cohort (Raine) Study. 

The methodology and recruitment for this study are described in detail elsewhere [40]. 

Briefly, 2 900 women were recruited from the public antenatal clinic at King Edward 

Memorial Hospital in Perth, Western Australia and surrounding private clinics between May 

1989 and November 1991. Women were recruited between 16 and 20 weeks gestation 

(average 18). Ninety percent of those eligible agreed to take part in the study, and there were 

2 868 live births. These children were assessed at birth, and were followed up at ages 1, 2, 5, 

8, 10, 14, 17, 20, and 23 years of age using questionnaires and physical assessments. This 

study used data collected at the 2, 5, 8, 10, and 14 year follow ups where comprehensive 

mental health data were collected. This research was approved by the Human Research Ethics 
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Committees at KEMH and Princess Margaret Hospital for Children in Perth, Western 

Australia. Written parental consent was obtained at recruitment and at each follow up. 

 

Cohort attrition 

 Information on the numbers of participants at each follow up is provided online as 

supplementary information. Retention to age 14 was achieved for 77% of the sample, with 

1860 adolescents (65%) taking part in the 14 year follow up and a further 357 (12%) 

remaining involved with the study but deferring 14-year participation. By age 14, 207 

families (7%) were unable to be contacted, 412 families (14%) had withdrawn, and 32 

participants (1%) had died. Detailed information on cohort attrition has been presented 

elsewhere [41, 42]. Briefly, families that were lost to follow up tended to report greater social 

disadvantage at the time of recruitment to the study (such as lower maternal education, lower 

total family income and younger maternal age at conception). However, the initial study 

oversampled disadvantaged families, and thus the selective attrition resulted in the sample 

becoming more representative of the Western Australian population over time.  

 

Outcome variable 

 When children were aged two years, parents completed the Child Behavior Checklist 

for Ages 2-3 (CBCL/2-3). The CBCL/2-3 is a 99-item parent report measure of child mental 

health assessed over the past 6 months. When children were aged 5, 8, 10, and 14 years, a 

parent (usually the mother) completed the Child Behavior Checklist for Ages 4- 18 (CBCL/4-

18). The CBCL/4-18 is a 118-item parent-report measure of child mental health assessed over 

the past six months. Both the CBCL/2-3 and the CBCL/4-18 produce raw scores that can be 

transformed into summary T scores for total behaviour, internalising behaviour (withdrawal, 

anxious/depressed and somatic), and externalising behaviours (delinquency and aggression), 

using standardised scoring procedures (Achenbach, 1991). Both of these measures show good 

internal reliability and validity and have been widely used in literature on child development 

[43, 44]. United States CBCL norms were used in this study. An Australian clinical 

calibration has demonstrated good sensitivity (83%) and specificity (67%) of these measures 

to a clinical diagnosis [45]. 
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Predictor variables 

 We considered a number of predictor variables present in the prenatal environment 

that are known from previous research to have some relation to later offspring mental health. 

We also considered the child’s sex and age.  

Socio-demographic variables. Maternal age at childbirth in years was included as a 

continuous variable. Maternal education as recorded at 18 weeks gestation was included as a 

binary variable (12 or more years of education compared with less than 12 years of 

education), as was maternal ethnicity (Caucasian compared with non-Caucasian). Total 

family income was entered as a binary variable (total income ≤ 24 000 AUD per annum vs. > 

24 000 AUD per annum) in accordance with the poverty line at the time the data were 

collected. 

Prenatal exposures. Mothers were asked at 18 weeks whether they had experienced 

any of 11 life stress events since they had become pregnant (yes or no), taken from a broader 

67-item life stress inventory (‘A scale to measure the stress of life events’) [46]. The 11 

events asked about were: pregnancy problems; death of a close friend or relative; separation 

or divorce; marital problems; problems with children; involuntary job loss; partner’s 

involuntary job loss; money problems; residential move; and another stressful event not 

listed. We calculated a total life stress events score by summing all the “yes” responses to the 

listed events, and included this as a continuous variable. 

Maternal alcohol intake per week was measured at 18 weeks gestation to provide an 

approximate measure of the total number of standard drinks consumed in the first four 

months of pregnancy. We considered alcohol intake as both a continuous variable, and as a 

binary variable (10 or fewer standard drinks per week versus 11 or more) to account for the 

differing literature on low-moderate versus heavy alcohol consumption [20, 42]. The 

continuous variable was not significantly associated with CBCL scores across all three 

domains in this analysis (p > .10), and only the binary variable was retained for analyses. 

Maternal smoking during pregnancy was measured at both 18 and 34 weeks gestation. 

Previous analysis with Raine Study data has shown a strong correlation between the number 

of cigarettes smoked daily at 18 weeks and  number of cigarettes smoked daily at 34 weeks 

gestation (r = .87, p < .001) [18]. Therefore, we used smoking data collected at 18 weeks to 

develop a binary variable (no cigarettes smoked versus any cigarettes smoked). 

 Data on the presence of gestational hypertension (pregnancy induced increase in 

systolic blood pressure to 140 mmHg and/or an increase in diastolic blood pressure of 90 

mmHg or more) and/or PE (gestational hypertension and proteinuria) were collected during 
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routine antenatal visits. We used a binary variable in analyses which was defined by a 

normotensive pregnancy or a pregnancy with gestational hypertension. Gestational 

hypertension in this case was defined as hypertension with or without PE. 

Gestational age and weight. Gestational age in weeks was considered as a continuous 

variable. We also developed a binary variable pertaining to pre-term birth (born at or after 37 

weeks gestation versus 36 or fewer weeks’ gestation). We included birth weight in grams as a 

continuous variable. We also considered the percentage of optimal birthweight (POBW) as a 

continuous variable (a measure of appropriateness of fetal growth for gestational age; value 

derived using equations cited in Blair et al. [47]). 

 

Statistical analyses 

 We used linear mixed regression models with random intercept and slope (random 

effects models) to examine the extent to which the predictor variables influenced changes in 

continuous CBCL T-scores from ages 2 to 14 [48]. Linear mixed models account for the 

possible correlation between observations on the same subject over time. Initially, univariate 

analyses were conducted to determine which variables were associated with CBCL outcomes, 

and those associated at the p <.10 level were retained for entry into a multivariate model (this 

approach has been used in previous publications arising from the Raine Study cohort [49, 

50]). We then tested for interactions between each variable and time in order to create a final 

multivariate model that measured the extent to which each variable impacted upon CBCL 

total, internalising, and externalising scores, overall (main effects) and in relation to changes 

in CBCL scores over time (interaction effects with time). Time was treated as a categorical 

variable in the analysis to avoid placing any arbitrary restrictions on the shape of the 

relationship between change in CBCL scores and time. Alpha was set at p < .05 for the 

multivariate models. In the case of missing data, the full information available for each 

participant was included in the analyses. All analyses were conducted in SPSS v20.0. 

 

Results 

Frequency characteristics for the cohort are presented in Table 1. Attrition rates for 

the study are described in detail elsewhere [42, 51]. The average age of mothers at 

recruitment was 28 years. Approximately one in ten (10.4%) mothers were of ethnicity other 

than Caucasian, 59.1% did not complete high school, and 38.6% had a total family income 

that was below the poverty line at the time the data were collected. With regard to prenatal 

exposures, 25.9 % of mothers were diagnosed with gestational hypertension, 24.5% of the 
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mothers smoked daily during the first three months of pregnancy, the mean number of 

standard drinks consumed per week was 1.31, and the mean number of stressful life events 

experienced in the first three months of pregnancy was 1. The mean gestational age was 39 

weeks, and the mean birth weight was 3 299 grams. Across the follow ups to age 14 years, 

mean total, internalising, and externalising T-scores were similar (T = 48.76, T = 48.93, and T 

= 49.25 respectively). 

[TABLE 1] 

In univariate analyses, maternal ethnicity, POBW, gestational age in weeks, and 

alcohol as a continuous variable were not significantly associated with CBCL scores. The 

binary alcohol variable was significantly associated with externalising CBCL T-scores only. 

Birth weight was significantly associated with total and internalising CBCL T- scores. All 

remaining variables were associated with total, internalising and externalising CBCL T-

scores at a p < .10 level. Table 2 shows the initial multivariate models for total, internalising, 

and externalising behaviours. For total, internalising, and externalising behaviours, increased 

offspring CBCL T scores were predicted by the mother not finishing high school, smoking 

during pregnancy, having a total family income below the poverty line, being diagnosed with 

gestational hypertension, and experiencing stressful life events during pregnancy. 

Conversely, as maternal age increased, CBCL T scores decreased. Birth weight was no longer 

a significant predictor of total and internalising behaviour outcomes in the multivariate 

models. Similarly, consuming eleven or more standard drinks per week was no longer a 

significant predictor of externalising CBCL T scores. 

[TABLE 2] 

 We next considered interactions between each prenatal variable and age to see which 

variables, if any, predicted changes in CBCL scores over time. Significant interactions (p < 

.05) were retained for inclusion in the final multivariate models (Table 3). For total CBCL T 

scores, age was found to significantly interact with total family income, such that living 

below the poverty line predicted increases in CBCL scores from age 2 to age 14; maternal 

stressful life events, with a greater number of stressful events in pregnancy associated with 

increases in CBCL T  scores from age 2 to age 10, and age 2 to age 14; and maternal 

education, where eleven or fewer years of maternal education was related to increases in 

CBCL scores from age 2 to 8, and age 2 to 10.  

For internalising CBCL scores, age significantly interacted with total family income 

and maternal stressful life events, such that living below the poverty line was associated with 
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significant increases in internalising scores from age 2 to age 14, and a greater number of 

stressful life events was associated with increases in scores from age 2 to ages 8, 10, and 14.  

For externalising CBCL T scores, age interacted significantly with total family 

income, where living below the poverty line predicted increases in CBCL scores from age 2 

to age 10, and age 2 to age 14, and there was a trend towards the same relationship from age 

2 to age 8 (p = .051); and maternal education, where having eleven or fewer years of 

education predicted increases in CBCL scores from age 2 to ages 8, 10, and 14, with a trend 

toward the same relationship from age 2 to age 5 (p = .051). Stressful life events were not 

found to predict changes in externalising CBCL scores over time in the final model (see 

Table 3). 

[TABLE 3] 

Discussion 

 This study aimed to examine (i) the relative impact of a number of prenatal exposures 

on later offspring mental health, and (ii) how these variables interact with time to influence 

children’s mental health trajectories. Whilst there are many studies looking at these factors 

individually, relatively few studies have been able to examine these variables in a single 

sample followed over an extended time period. Extending existing literature, maternal non-

completion of high school, smoking during pregnancy, having a family income below the 

poverty line, being diagnosed with gestational hypertension, and experiencing stressful life 

events during pregnancy were all associated with elevations in overall, internalizing, and 

externalizing problems in offspring in the final multivariate models. When considering 

mental health trajectories (i.e., changes in mental health over time), maternal non completion 

of high school, family income below the poverty line, and stressful life events during 

pregnancy predicted increasing CBCL scores across childhood. Thus, children born to 

families with low maternal education, low family income, and stressful life events appear to 

begin life at a disadvantage, and show worsening mental health trajectories through to 

adolescence. This study is a novel point of extension from previous research considering 

single associations between prenatal exposures and children’s mental health.  

Socio-demographic variables showed a stronger relationship with adverse child 

behaviour outcomes than did obstetric outcomes. It is plausible that these socio-demographic 

/ environmental variables are the observable measures of a broader latent construct relating to 

social disadvantage and a lack of family resources, which impacts negatively on the 
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development of the fetus and child. We suggest that these variables might be used as markers 

in identifying at risk families prior to or soon after conception. The variables in question are 

predictable, easily identifiable, and in at least some cases (e.g., maternal smoking, 

hypertension) amenable to intervention and change. Where variables are less easily changed 

(e.g., maternal age, family income) targeted family support may help to attenuate risk. This 

form of early prevention may result in more positive mental health outcomes for at-risk 

children in later life.  

Our findings also highlight the importance of early intervention for reducing rates of 

child and adolescent mental health problems. The quality of the fetal environment was found 

to impact not only on overall levels of internalizing and externalizing behaviour problems in 

childhood, but on trajectories of problems from early childhood through to adolescence. Key 

exposures (low maternal education, low family income, and family stress) in utero placed 

children at risk for ongoing and worsening mental health problems over the next 14 years. 

Clearly, efforts to decrease mental health problems in young people need to commence from 

the very onset of life - even before birth.  

The data presented in this study highlight a trend toward decreasing risk of behaviour 

problems as children age, with lower numbers of parent-reported behaviour problems at age 

14 than at age two. There are a number of possible explanations for these findings. The nature 

of T-score scaling is such that if children with more mental health problems are lost to follow 

up over time, then T-scores will decrease on average over time with attrition. We suggest that 

attrition is a likely explanation for the reduction observed at 14 years in our sample, 

consistent with previous reports showing Raine Study families lost to follow-up were more 

disadvantaged in the early years of the study than those retained to adolescence [42]. Further, 

these results may also be a product of changes in parents’ capacity to report on their child’s 

behaviour over time. Parents may have less contact with their children as they age, and thus 

are less able to make accurate comment on their child’s behaviour. It has been found 

previously in a study of 11-19 year olds that discrepancies in parent and child reported 

CBCL-scores increase as the age of the child increases [52]. The results could also be a result 

of the upper age limit of the children in the study, 14 years.  

Our findings have significant implications for both future research and the 

development of public policy. Our results indicate that the antenatal and preconception 

environments are important for the behavioural and emotional development of the child, and 

that mental health prevention can begin during pregnancy. This study contributes to a 

growing body of evidence pointing toward the need for early intervention as a mechanism of 
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dealing with mental health problems, as opposed to treating problems after they have 

developed. A move toward early intervention may ease the burden on the health system by 

preventing problems before they occur, or lessening their impact, and by freeing up resources 

in the health system. Results also suggest that researchers interested in prenatal predictors of 

mental health may benefit from considering family income, family stress, and maternal 

education as key prenatal predictors of worsening mental health problems over childhood. 

Family income, family stress, maternal education, maternal smoking, and gestational 

hypertension may relate to overall levels of mental health problems in childhood, whilst 

maternal ethnicity, maternal alcohol consumption, gestational age, and birth weight are not 

strong predictors of mental health outcomes when other variables are considered. 

A major strength of this study is the use of a longitudinal pregnancy cohort study that 

has provided detailed information from 18 weeks gestation, allowing for consideration of a 

wide range of psychosocial, sociodemographic, and health related prenatal exposures. The 

collection of CBCL data on the Raine Study children from ages 2 to 14 is another strength, 

allowing for analysis of mental health trajectories as well as the impact of exposures at 

particular points during childhood. Conversely, the exposures considered, while 

comprehensive, are not exhaustive, and there may be other important risk factors we have not 

been able to consider in our analyses. The use of caretaker (parent) report for the CBCL has 

been validated as a useful detector of behavioural problems in youth to 18 years of age [53], 

but  we also acknowledge the difficulties with using of parent report data into adolescence 

and young adulthood [52], and as a consequence analysed data from two to 14 years of age 

only. Finally, socially disadvantaged participants were less likely to remain in the study [42], 

and given that this construct appeared to be an important predictor of outcome, our findings 

may be attenuated. 

 

Conclusions 

 Children who experienced adverse prenatal environments experienced higher levels of 

problem behaviours in childhood, and more problematic mental health trajectories, 

highlighting the importance of early intervention as a part of addressing the global burden of 

mental illness. Demographic factors were more important in predicting child behaviour than 

obstetric complications Maternal education, family income, and family exposure to stress 

were most important in predicting increasing CBCL scores from age 2 to age 14. 

 

 



Prenatal environment and mental health problems 13 
 

Acknowledgements 

The authors acknowledge the funding and support of the Raine Medical Research 

Foundation, The University of Western Australia (UWA), the Telethon Institute for Child 

Health Research, the UWA Faculty of Medicine, Dentistry and Health Sciences, the Women 

and Infants Research Foundation, and Curtin University of Technology. We acknowledge the 

long term support and funding from the National Health and Medical Research Council 

(NHMRC) of Australia and the Raine Medical Research Foundation. The authors are 

extremely grateful to all the Raine Study participants and their families who took part in this 

study, as well as the Raine Study team for their cohort coordination and data collection. This 

study was funded by a ‘near miss’ grant from the Faculty of Medicine, Dentistry and Health 

Sciences at UWA. KLA and MR are supported by a NHMRC Early Career Research 

Fellowship. AJOW is supported by a NHMRC Career development Fellowship (#1004065). 

The authors declare that there are no conflicts of interest to report. This research was approved 
by the Human Research Ethics Committees at KEMH and Princess Margaret Hospital for 
Children in Perth, Western Australia and have therefore been performed in accordance with 
the ethical standards laid down in the 1964 Declaration of Helsinki and its later amendments. 
Written parental consent was obtained at recruitment and at each follow up. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Prenatal environment and mental health problems 14 
 

 
References 

 

[1] "Atlas-Child and Adolescent Mental Health Resources: Global Concerns: Implications for the 

Future," ed: World Health Organization, 2005. 

[2] C. Kieling, H. Baker-Henningham, M. Belfer, G. Conti, I. Ertem, O. Omigbodun, et al., 

"Child and adolescent mental health worldwide: evidence for action," The Lancet, vol. 378, 

pp. 1515-1525, 2011. 

[3] M. B. Hofstra, J. Van Der Ende, and F. C. Verhulst, "Adolescents' self-reported problems as 

predictors of psychopathology in adulthood: 10-year follow-up study," The British Journal of 

Psychiatry, vol. 179, pp. 203-209, 2001. 

[4] S. Duchesne, F. Vitaro, S. Larose, and R. E. Tremblay, "Trajectories of anxiety during 

elementary-school years and the prediction of high school noncompletion," Journal of youth 

and adolescence, vol. 37, pp. 1134-1146, 2008. 

[5] K. M. Scott, M. Von Korff, M. C. Angermeyer, C. Benjet, R. Bruffaerts, G. de Girolamo, et 

al., "Association of childhood adversities and early-onset mental disorders with adult-onset 

chronic physical conditions," Archives of General Psychiatry, vol. 68, p. 838, 2011. 

[6] M. McKenzie, C. A. Olsson, A. F. Jorm, H. Romaniuk, and G. C. Patton, "Association of 

adolescent symptoms of depression and anxiety with daily smoking and nicotine dependence 

in young adulthood: findings from a 10‐year longitudinal study," Addiction, vol. 105, pp. 

1652-1659, 2010. 

[7] I. H. Gotlib, P. M. Lewinsohn, and J. R. Seeley, "Consequences of depression during 

adolescence: marital status and marital functioning in early adulthood," Journal of abnormal 

psychology, vol. 107, p. 686, 1998. 

[8] M. Jokela, J. Ferrie, and M. KivimAKi, "Childhood problem behaviors and death by midlife: 

the British National Child Development Study," Journal of the American Academy of Child 

andAdolescent Psychiatry, vol. 48, p. 19, 2009. 

[9] M. Jokela, C. Power, and M. Kivimäki, "Childhood problem behaviors and injury risk over 

the life course," Journal of Child Psychology and Psychiatry, vol. 50, pp. 1541-1549, 2009. 



Prenatal environment and mental health problems 15 
 

[10] J. Stevenson and R. Goodman, "Association between behaviour at age 3 years and adult 

criminality," The British Journal of Psychiatry, vol. 179, pp. 197-202, 2001. 

[11] W. Schlotz and D. I. W. Phillips, "Fetal origins of mental health: Evidence and mechanisms," 

Brain, Behavior, and Immunity, vol. 23, pp. 905-916, 2009. 

[12] D. J. P. Barker, "Mothers, babies and health in later life," 1998. 

[13] S. Entringer, C. Buss, and P. D. Wadhwa, "Prenatal stress and developmental programming of 

human health and disease risk: concepts and integration of empirical findings," Current 

opinion in endocrinology, diabetes, and obesity, vol. 17, p. 507, 2010. 

[14] V. Glover, "Annual Research Review: Prenatal stress and the origins of psychopathology: an 

evolutionary perspective," Journal of Child Psychology and Psychiatry, vol. 52, pp. 356-367, 

2011. 

[15] J. P. Newnham and M. G. Ross, Early life origins of human health and disease: Karger Basel, 

2009. 

[16] R. L. Goldenberg, J. F. Culhane, J. D. Iams, and R. Romero, "Epidemiology and causes of 

preterm birth," The lancet, vol. 371, pp. 75-84, 2008. 

[17] J. Ashford, P. A. V. Lier, M. Timmermans, P. Cuijpers, and H. M. Koot, "Prenatal smoking 

and internalizing and externalizing problems in children studied from childhood to late 

adolescence," Journal of the American Academy of Child & Adolescent Psychiatry, vol. 47, 

pp. 779-787, 2008. 

[18] M. Robinson, N. J. McLean, W. H. Oddy, E. Mattes, M. Bulsara, J. Li, et al., "Smoking 

cessation in pregnancy and the risk of child behavioural problems: a longitudinal prospective 

cohort study," Journal of Epidemiology and Community Health, vol. 64, pp. 622-629, July 1, 

2010 2010. 

[19] A. Thapar, T. Fowler, F. Rice, J. Scourfield, M. van den Bree, H. Thomas, et al., "Maternal 

smoking during pregnancy and attention deficit hyperactivity disorder symptoms in 

offspring," American Journal of Psychiatry, vol. 160, pp. 1985-1989, 2003. 

[20] C. M. O'Leary, "Fetal alcohol syndrome: diagnosis, epidemiology, and developmental 

outcomes," Journal of Paediatrics and Child Health, vol. 40, pp. 2-7, 2004. 



Prenatal environment and mental health problems 16 
 

[21] K. Sayal, J. Heron, J. Golding, and A. Emond, "Prenatal alcohol exposure and gender 

differences in childhood mental health problems: a longitudinal population-based study," 

Pediatrics, vol. 119, pp. e426-e434, 2007. 

[22] Y. J. Kelly, A. Sacker, R. Gray, J. Kelly, D. Wolke, J. Head, et al., "Light drinking during 

pregnancy: still no increased risk for socioemotional difficulties or cognitive deficits at 5 

years of age?," Journal of Epidemiology and Community Health, vol. 66, pp. 41-48, January 

1, 2012 2012. 

[23] M.-P. Austin, D. Hadzi-Pavlovic, L. Leader, K. Saint, and G. Parker, "Maternal trait anxiety, 

depression and life event stress in pregnancy: relationships with infant temperament," Early 

human development, vol. 81, pp. 183-190, 2005. 

[24] A. Rodriguez and G. Bohlin, "Are maternal smoking and stress during pregnancy related to 

ADHD symptoms in children?," Journal of Child Psychology and Psychiatry, vol. 46, pp. 

246-254, 2005. 

[25] J. Spauwen, L. Krabbendam, R. Lieb, H. U. Wittchen, and J. van Os, "Early maternal stress 

and health behaviours and offspring expression of psychosis in adolescence," Acta 

Psychiatrica Scandinavica, vol. 110, pp. 356-364, 2004. 

[26] M. Robinson, W. H. Oddy, J. Li, G. E. Kendall, N. H. De Klerk, S. R. Silburn, et al., "Pre‐and 

postnatal influences on preschool mental health: a large‐scale cohort study," Journal of Child 

Psychology and Psychiatry, vol. 49, pp. 1118-1128, 2008. 

[27] M. Robinson, E. Mattes, W. H. Oddy, C. E. Pennell, A. van Eekelen, N. J. McLean, et al., 

"Prenatal stress and risk of behavioral morbidity from age 2 to 14 years: The influence of the 

number, type, and timing of stressful life events," Development and Psychopathology, vol. 23, 

pp. 507-520, 2011. 

[28] M. Robinson, E. Mattes, W. H. Oddy, N. H. de Klerk, J. Li, N. J. McLean, et al., 

"Hypertensive Diseases of Pregnancy and the Development of Behavioral Problems in 

Childhood and Adolescence: The Western Australian Pregnancy Cohort Study," The Journal 

of Pediatrics, vol. 154, pp. 218-224.e2, 2009. 



Prenatal environment and mental health problems 17 
 

[29] M. Robinson, W. H. Oddy, A. J. Whitehouse, C. E. Pennell, G. E. Kendall, N. J. McLean, et 

al., "Hypertensive Diseases of Pregnancy Predict Parent-Reported Difficult Temperament in 

Infancy," Journal of developmental and behavioral pediatrics: JDBP, 2013. 

[30] A. Favaro, E. Tenconi, and P. Santonastaso, "Perinatal factors and the risk of developing 

anorexia nervosa and bulimia nervosa," Archives of General Psychiatry, vol. 63, pp. 82-88, 

2006. 

[31] N. J. Wiles, T. J. Peters, D. A. Leon, and G. Lewis, "Birth weight and psychological distress 

at age 45-51 years: results from the Aberdeen Children of the 1950s cohort study," Br J 

Psychiatry, vol. 187, pp. 21-8, 2005. 

[32] M. J. O'Callaghan, G. M. Williams, M. J. Andersen, W. Bor, and J. M. Najman, "Obstetric 

and perinatal factors as predictors of child behaviour at 5 years," Journal of Paediatrics and 

Child Health, vol. 33, pp. 497-503, 1997. 

[33] C. S. H. Aarnoudse-Moens, N. Weisglas-Kuperus, J. B. van Goudoever, and J. Oosterlaan, 

"Meta-analysis of neurobehavioral outcomes in very preterm and/or very low birth weight 

children," Pediatrics, vol. 124, pp. 717-728, 2009. 

[34] S. Johnson, C. Hollis, P. Kochhar, E. Hennessy, D. Wolke, and N. Marlow, "Psychiatric 

disorders in extremely preterm children: longitudinal finding at age 11 years in the EPICure 

study," Journal of the American Academy of Child & Adolescent Psychiatry, vol. 49, pp. 453-

463. e1, 2010. 

[35] K. Stjernqvist and N. W. Svenningsen, "Ten-year follow-up of children born before 29 

gestational weeks: health, cognitive development, behaviour and school achievement," Acta 

Pædiatrica, vol. 88, pp. 557-562, 1999. 

[36] M. Robinson, A. J. O. Whitehouse, S. R. Zubrick, C. E. Pennell, P. Jacoby, N. J. McLean, et 

al., "Delivery at 37 weeks' gestation is associated with a higher risk for child behavioural 

problems," Australian and New Zealand Journal of Obstetrics and Gynaecology, vol. 53, pp. 

143-151, 2013. 



Prenatal environment and mental health problems 18 
 

[37] R. C. Kessler, G. P. Amminger, S. Aguilar‐Gaxiola, J. Alonso, S. Lee, and T. B. Ustun, "Age 

of onset of mental disorders: a review of recent literature," Current opinion in psychiatry, vol. 

20, p. 359, 2007. 

[38] L. Strohschein, "Household Income Histories and Child Mental Health Trajectories," Journal 

of Health and Social Behavior, vol. 46, pp. 359-375, December 1, 2005 2005. 

[39] L. Strohschein, "Parental Divorce and Child Mental Health Trajectories," Journal of 

Marriage and Family, vol. 67, pp. 1286-1300, 2005. 

[40] J. P. Newnham, S. F. Evans, C. A. Michael, F. J. Stanley, and L. I. Landau, "Effects of 

frequent ultrasound during pregnancy: a randomised controlled trial," The Lancet, vol. 342, 

pp. 887-891, 1993. 

[41] J. Li, G. E. Kendall, S. Henderson, J. Downie, L. Landsborough, and W. H. Oddy, "Maternal 

psychosocial well-being in pregnancy and breastfeeding duration," Acta Pædiatrica, vol. 97, 

pp. 221-225, 2008. 

[42] M. Robinson, W. H. Oddy, N. J. McLean, P. Jacoby, C. E. Pennell, N. H. de Klerk, et al., 

"Low–moderate prenatal alcohol exposure and risk to child behavioural development: a 

prospective cohort study," BJOG: An International Journal of Obstetrics & Gynaecology, 

vol. 117, pp. 1139-1152, 2010. 

[43] T. Achenbach, "Child behavior checklist/4-18," Burlington: University of Vermont, 1991. 

[44] R. Bérubé and T. Achenbach, "Bibliography of published studies using the ASEBA," 

Burlington, VT: University of Vermont, Research Cneter for Childeren, Youth, and Families, 

2007. 

[45] S. R. Zubrick, S. R. Silburn, L. Gurrin, H. Teoh, C. Shepherd, J. Carlton, et al., "Western 

Australian child health survey: Education, health and competence," Perth, Western Australia: 

Australian Bureau of Statistics and the TVW Telethon Institute for Child Health Research, 

vol. 19, 1997. 

[46] C. Tennant and G. Andrews, "A scale to measure the stress of life events," Australasian 

Psychiatry, vol. 10, pp. 27-32, 1976. 



Prenatal environment and mental health problems 19 
 

[47] E. M. Blair, Y. Liu, N. H. de Klerk, and D. M. Lawrence, "Optimal fetal growth for the 

Caucasian singleton and assessment of appropriateness of fetal growth: an analysis of a total 

population perinatal database," BMC pediatrics, vol. 5, p. 13, 2005. 

[48] W. Stroup, Generalized Linear Mixed Models: Modern Concepts, Methods and Applications. 

Boca Raton: CRC Press, 2013. 

[49] K. L. Allen, S. M. Byrne, D. Forbes, and W. H. Oddy, "Risk factors for full-and partial-

syndrome early adolescent eating disorders: a population-based pregnancy cohort study," 

Journal of the American Academy of Child & Adolescent Psychiatry, vol. 48, pp. 800-809, 

2009. 

[50] K. L. Allen, S. M. Byrne, W. H. Oddy, U. Schmidt, and R. D. Crosby, "Risk factors for binge 

eating and purging eating disorders: Differences based on age of onset," International Journal 

of Eating Disorders, 2014. 

[51] K. L. Allen, S. M. Byrne, M. M. Kusel, P. H. Hart, and A. J. Whitehouse, "Maternal vitamin 

D levels during pregnancy and offspring eating disorder risk in adolescence," International 

Journal of Eating Disorders, vol. 46, pp. 669-676, 2013. 

[52] F. C. Verhulst and J. van der Ende, "Agreement Between Parents' Reports and Adolescents' 

Self-reports of Problem Behavior," Journal of Child Psychology and Psychiatry, vol. 33, pp. 

1011-1023, 1992. 

[53] E. M. Warnick, M. B. Bracken, and S. Kasl, "Screening Efficiency of the Child Behavior 

Checklist and Strengths and Difficulties Questionnaire: A Systematic Review," Child and 

Adolescent Mental Health, vol. 13, pp. 140-147, 2008. 

 

 

 

 

 

 



Prenatal environment and mental health problems 20 
 

 

Supplementary information 

Participants available at each follow up 

 Completed 

all or part 

of follow-

up 

Deferred Lost Withdrawn Died Total 

2 1988 381 418 51 30 2868 

5 2237 339 135 127 30 2868 

8 2140 376 124 198 30 2868 

10 2047 281 162 348 30 2868 

14 1860 357 207 412 32 2868 
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Table 1. 
 
Frequency characteristics for the cohort. 
 

Continuous 
variables 

N M SD 

Maternal age at birth 
of offspring 

2 459 27.92 5.84  

Weekly maternal 
alcohol consumption 
(standard drinks)1  

2 458 1.31 2.85 

Gestational age (in 
weeks) 

2 504 38.71 2.21 

Birth weight (in 
grams) 

2 505 3 298.92 601.91 

POBW 2 494 97.33 13.87 
Total number of 
stressful life events1 

2 459 1.18 1.23 

CBCL Total T-score2  2 459 48.76 11.17 
CBCL Internalising 
T-score2 

2 459 48.93 10.44 

CBCL Externalising 
T- 

score2 

2 459 49.25 10.70 

Categorical 
variables 

N n % 

Maternal ethnicity 2 459   
      Caucasian  2 203 89.6 
      Other  256 10.4 
Maternal education 2 459   
      12 or more years  1 005 40.9 
      11 or less years  1 454 59.1 
Maternal smoking1 2 459   
      0 cigarettes daily  1 843 73.3 
      1 or more   
cigarettes daily 

 616 24.5 

Total family income1 2 459   
      < 24 000 AUD 
per annum 

 1 387 56.4 

       ≥ 24 000 AUD 
per annum 

 948 38.6 

Maternal gestational 
hypertension 

2 453   

      Normotensive  1 817 74.1 
      Gestational   
hypertension 

 636 25.9 

1 In the first 18 weeks of pregnancy. 2 On average from age 2 to 14 years 
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Table 2. Initial multivariate estimates of fixed effects for total, internalising and externalising 
behaviour problems to age 14. 
  Total problems Internalising 

problems 
Externalising 
problems 

  Estimate (95% CI for estimate) 
Categorical variables    
Sex (ref: M) F -1.46** 

(-2.16, -.77) 
-.33 

(-.95, .29) 
-1.25*** 

(-1.91, -.59) 
Age (ref: 2) 5 4.52*** 

(4.11, 4.93) 
3.12*** 

(2.68, 3.57) 
3.25*** 

(2.85, 3.65) 
 8 2.85*** 

(2.37, 3.33) 
3.41*** 

(2.91, 3.93) 
1.25*** 

(.78, 1.72) 
 10 .46 

(-.049, .98) 
2.30*** 

(1.76, 2.83) 
-1.03*** 

(-1.52, -.54) 
 14 -.68* 

(01.22, -.14) 
-.66* 

(-1.22, -.11) 
-.50 

(-1.01, .024) 
Maternal education 
in years (ref: 12 or 
more) 

11 or less 1.44*** 
(.70, 2.17) 

.86** 
(.21, 1.52) 

1.45*** 
(.75, 2.15) 

Maternal smoking 
(ref: 0 daily) 

1 or more 
daily 

2.59*** 
(1,74, 3.44) 

1.56** 
(.80, 2.33) 

2.81*** 
(2.00, 3.62) 

Total family income 
(ref: ≥ 24 000 AUD 
per annum) 

< 24 000 
AUD per 
annum 

1.73*** 
(.97, 2.49) 

1.11*** 
(.43, 1.80) 

1.83*** 
(1.10, 2.55) 

Gestational 
hypertension (ref: 
normotensive) 

Hypertensive 1.18** 
(.39, 1.97) 

.79* 
(.082, 1.50) 

1.20** 
(.45, 1.95) 

Maternal alcohol 
consumption (ref: 10 
or fewer) 

11 or more 
drinks per 
week 

n/a n/a .97 
(-1.69, 3.62) 

Continuous variables    
Mother’s age  -.17*** 

(-.23, -.10) 
-.11*** 

(-.17, -.05) 
-.19*** 

(-.26, -.13) 
Birth weight  -0.0 

(-.00, .00) 
-0.0 

(-.00, .00) 
n/a 

Maternal stressful 
life events 

 1.50*** 
(1.21, 1.78) 

1.32*** 
(1.06, 1.58) 

1.18*** 
(.91, 1.46) 

Note. Variables were only included in the multivariate model if they entered univariate 
models with p < .10.  

* p < .05 ** p < .01 *** p < .001 
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Table 3. Final  multivariate model, including interactions with time, for total, internalising 
and externalising behaviour problems to age 14. 
  Total problems Internalising 

problems 
Externalising 
problems 

  Estimate (95% CI for estimate) 

Categorical variables    

Sex (ref: M) F -1.40*** 
(-2.08, -.71) 

-.25 

(-.87, .36) 

-1.24*** 

(-1.90, -.58) 

Age (ref: 2) 5 3.57*** 
(2.84, 4.30) 

2.65*** 
(1.98, 3.32) 

2.20*** 
(1.49, 2.90) 

 8 1.55*** 
(.69, 2.41) 

2.62*** 
(1.85, 3.39) 

.054 
(-.77, .89) 

 10 -1.18* 
(-2.1, -.27) 

1.28** 
(.48, 2.08) 

-2.66*** 
(-3.54, -1.79) 

 14 -2.41*** 
(-3.34, -1.45) 

-2.07*** 
(-2.91, -1.23) 

-2.01*** 
(-2.93, -1.08) 

Maternal education 
in years (ref: 12 or 
more) 

11 or less .74 
(-.23, 1.69) 

.84* 

(.19, 1.50) 

.56 

(-.36, 1.48) 

Maternal smoking 
(ref: 0 daily) 

1 or more 
daily 

2.59*** 
(1.75, 3.43) 

1.56*** 

(.81, 2.32) 

2.83*** 

(2.02, 3.64) 

Total family income 
(ref: ≥ 24 000 AUD 
per annum) 

< 24 000 
AUD per 
annum 

.95 
(-.034, 1.94) 

.64 

(-.31, 1.58) 

.95* 

(.00, 1.90) 

Gestational 
hypertension (ref: 
normotensive) 

Hypertensive 1.23** 
(.44, 2.01) 

.84* 

(.13, 1.54) 

1.14** 

(.39, 1.90) 

Mother’s age  -.17*** 
(-.23, -.10) 

-.11*** 

(-.17, -.054) 

-.19*** 

(-.26, -.13) 

Maternal stressful 
life events 

 1.15*** 
(.76, 1.53) 

.85*** 

(.48, 1.22) 

1.07*** 

(-1.90, -.58) 

Family income x 
Time1 

2 Ref. Ref. Ref. 

 5 .66 
(-.22, 1.54) 

.40 
(-.53, 1.34) 

.59 
(-.27, 1.45) 
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 8 .71 
(-.32, 1.74) 

.28 
(-.78, 1.34) 

1.00 
(-.005, 2.00) 

 10 .86 
(-.24, 1.95) 

.36 
(-.75, 1.47) 

1.14* 
(.087, 2.20) 

 14 1.85** 
(.69, 3.01) 

1.40* 
(.23, 2.56) 

1.91*** 
(.79, 3.03) 

Maternal stressful 
life events x Time 

2 Ref. Ref. Ref. 

 5 .32 
(-.028, .67) 

.30 
(-.079, .68) 

.29 
(-.047, .63) 

 8 .34 
(-.069, .75) 

.62** 
(.17, 1.05) 

-.003 
(-.40, .39) 

 10 .61** 
(.18, 1.05) 

.79*** 
(.34, 1.24) 

.26 
(-.16, .68) 

 14 .60* 
(.14, 1.06) 

.34*** 
(.34, 1.39) 

.09 
(-.35, .54) 

Maternal education 
less than 11 years x 
Time2 

2 Ref. n/a Ref. 

 5 .66 
(-.20, 1.50) 

 .83 
(-.00, 1.66) 

 8 1.22* 
(.22, 2.22) 

 1.43** 
(.47, 2.40) 

 10 1.17* 
(.11, 2.23) 

 1.55** 
(.53, 2.57) 

 14 1.25 
(-.41, 1.82) 

 1.21* 
(.14, 2.29) 

1Relative to family income of $24 000 AUD or more by time 
2Relative to maternal education of twelve or more years by time 
Note. Main effects should not be interpreted when included in models with interaction 
effects. See Table 2 for main effect results. 
* p < .05 ** p < .01 *** p < .001 

 

 

 


