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Obstetric and Perinatal Factors as Predictors of
Child Behaviour at 5 Years
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Objective: The Mater University Study of Pregnancy (MUSP) is a prospective cohort study of 8556
mothers enrolled in early pregnancy. The relationship of obstetric and perinatal factors, maternal
lifestyle, age and gender of the child, and social disadvantage were examined as predictors of child
behaviour in 5005 children completing a modified child behaviour checklist at 5 years. This checklist
contained three independent groups of behaviour: externalizing, internalizing and SAT (social,
attentional and thought problems).

Results: In the initial analysis, a limited number of associations were present. After adjusting for
measures of social disadvantage, only number of antenatal admissions was associated with child
behaviour in all three scales, while maternal cigarette smoking in pregnancy and male gender were
associated with externalising and SAT behaviours.

Conclusions: Most common epidemiologic obstetric and perinatal risk factors were not independent
predictors of behaviour problems in children at 5 years.

Keywords: behaviour, children; perinatal; pregnancy; cohort studies; disadvantage.

The development of sophisticated techniques for studying brain structure and function, especially in
high risk children, and an increased understanding of brain development have led to a resurgence of
interest in the biological contribution to behavioural and psychiatric disorders in children™? and adults.?
Structural and functional changes have been reported in the brains of children with autism,* attention
deficit disorder,> developmental dysphasia,® obsessive compulsive disorder,” schizophrenia,® and an
increased prevalence of birth complications® and viral illnesses during pregnancy'® have been
associated with risk of later schizophrenia.

Children with established neurological impairment have an increased prevalence of
psychiatric disorder, though with the exception of an increased prevalence of hyperkinesis, there is not
a specific brain damage syndrome.*! The relationship between behaviour and perinatal risk, however, is
more controversial.” In 1961 Pasamanick and Knobloch proposed the existence of a continuum of
reproductive casualty with more severe injury leading to major neurological impairments and less
severe brain injury to dysfunctions of learning and behaviour.® Longitudinal studies have generally
reported limited relationships between perinatal hazards and later behaviour.***® Prenatal and perinatal
risk factors have been identified as of modest aetiological importance in children with hyperactivity,*
attentional disorder'® or criminal behaviour.®® A number of long-term follow-up studies have reported
an increased prevalence of attentional and behaviour difficulties in children born small for gestational
age® or extremely premature. *+? Although perinatal risk factors are a strung focus of literature end
clinical attention, they are not precise measures of actual brain damage. It remains uncertain whether
associations between these risk factors and subsequent child behaviour are directly attributable to
perinatal factors or whether they are mediated by cognitive impairment and social disadvantage. > A
further weakness of many longitudinal studies has been the limited and often global measures of child
behaviour especially in the preschool period. This study explores whether, after adjusting for social
disadvantage, common epidemiologic risk indicators for maternal reproductive history and events in
the pregnancy, delivery, and neonatal period, are predictors of three broad behavioural syndromes in
children at 5 year.

METHODS

The Mater University of Queensland Study of Pregnancy (MUSP) involves 8556 women who attended
the Mater Mother's Hospital between 1981 and 1984 and were enrolled at the time of the first hospital
visit of their pregnancy, which was on average at 18 weeks' gestation.” Excluding stillbirths, neonatal
and infant deaths, adopted children, multiple births, mothers changing address and delivery at other
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centres, and 270 mothers who refused to participate in the study, there were 7357 children remaining in
the study. Extensive information was collected at enrolment, shortly after the birth, and at 6 months
after delivery regarding social characteristics of the family, biological measures of the pregnancy, birth
and delivery, and psychological characteristics of the mother. Similar psychosocial questionnaires were
administered and developmental, behavioural and health information obtained when the child was
followed up at 5 years of age. At this time a total of 5021 mothers were contacted, and 5244 completed
a modified Child Behavioural Questionnaire. Because of incomplete data in some instances, the study
analysis was restricted to 5005 children. Those mothers lost to follow up tended to be younger, single
and less well educated, and their babies were more likely to be of earlier gestation and lower
birthweight.*®

At time of follow up the mean age of the children was 5 years 6 months with a range of 4-6
years. Of the 5005 children, 2616 were male and 2389 were female.

Predictor variables

These included 12 pregnancy/perinatal risk factors, maternal lifestyle factors of cigarette and alcohol
consumption in pregnancy, and number of previous maternal pregnancies and miscarriages (Table 1).
Selection of factors was guided by the reliability of information recorded at birth and importance as
markers of potential biological risk. Information was obtained from the medical chart after birth by
obstetricians associated with that aspect of the project. ** Small for gestational age status (SGA) was
defined as birthweight less than the tenth percentile for gestation and gender within the sample. To
allow for later adjustment for possible confounding especially by social disadvantage, maternal level of
education, marital status, family income in early pregnancy and maternal age were also examined
together with the child's gender and age.

Outcome measure

Child behaviour problems were measured using 31 items from the Child Behaviour Checklist (CBCL)
of Achenbach. % (Table 2). Items were excluded because they were seen to occur infrequently in the 5
year age category or were less discriminating between problem and non-problem behaviours in
younger children. Each item was coded as in the CBCL on a 3 point scale and summed to provide a
total Behaviour Score for each of the three scales. Similar to the recommendation of Achenbach for the
complete CBCL, the extreme 10% of subjects were classified as having a behaviour problem.

Table 1. Variables considered in analysis

Pregnancy and perinatal factors
Number of antenatal admissions*
Pre-eclampsia
Bleeds in pregnancy*
Presentation at delivery
Method of delivery
Foetal distress
Apgar 1 min
Apgar 5 min
Time to respiration
Gestation*

SGA
Days in ICU*

Maternal lifestyle
Cigarettes in pregnancy™
Alcohol in pregnancy

Maternal reproductive history
Number of previous pregnancies*
Number of previous miscarriages

*Factors significant in unadjusted analysis and included in Tables 3 and 4.
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Table 2. Modified child behavioural questionnaire

Scale 1: Externalisation/aggression
Argues a lot
Demands a lot of attention
Destroys his/her own things
Destroys things belonging to others
Disobedient at home
Gets into many fights
Lying or being dishonest
Screams a lot
Sudden changes in mood or feeling
Stubborn, sullen or irritable
Temper tantrums or hot temper Cronbach alpha 0.84

Scale 2: Internalizing
Cries a lot
Feels worthless or inferior
Likes to be alone
Nervous, highly strung or tense
Too fearful or anxious
Feels too guilty
Refuses to talk
Sulks a lot
Withdrawn, does not get involved with others
Worrying Cronbach alpha 0.84

Scale 3: Social, attentional and thought problems (SAT)
Acts too young for his/her age
Cannot concentrate, cannot pay attention for long
Cannot get his/her mind off certain thoughts
Cannot sit still, restless or hyperactive
Clings to adults or too dependent
Day dreams or gets lost in his/her thoughts
Does not get along with other children
Not liked by other children
Poorly co-ordinated or clumsy
Repeats certain acts over and over, has compulsions  Cronbach alpha 0.75

The 31 items in the modified CBCL were grouped according to the second order grouping of
syndromes identified by Achenbach in the complete CBCL.*® The externalising (aggressive) problems
scale comprised 11 items with a Cronbach alpha of 0.84, the internalizing problems scale consisted of
10 items with a Cronbach alpha of 0.76, and the remaining scale of 10 items had a Cronbach alpha of
0.75. This latter scale contained items related to social, attentional and thought problems (SAT). The
validity of the shortened form of the CBCL compared to the complete CBCL was examined in 76
selected mothers of 5-year-old children who completed the full CBCL. Correlations between the scales
were 0.96 for the total problem score, 0.94 for the externalising scale, 0.89 for the internalizing scale
and 0.96 for the S.A.T. scale.

Statistical analysis

For each predictor variable, the number of children with behaviour problems in each of the three scales
was compared, and a Chi-squared test performed to determine the level of statistical significance.
Strength of the association was expressed by the relative risk. All predictor variables found to be
statistically significant in the initial analysis, including the measures of social disadvantage, were
entered into three logistic regression models, with risk of behaviour problem in each of the three scales
as the dependent variable. The adjusted odds ratios (OR) obtained from these logistic models measure the
strength of the relationship between individual predictor variables and risk of child behaviour problems,
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adjusting for the presence of other predictor variables. All computations were performed using the statistical
packages SAS?’ and EGRET."

RESULTS

The relationship between each of the pregnancy and perinatal factors and risk of child behaviour problem for
the three behaviour scales of internalizing, SAT and externalising was examined. Factors significantly
associated with child behaviour (P<0.05) in any of the three scales are shown in Table 3, together with the
relative risk for each level of a factor compared to an indicated reference category. Number of antenatal
admissions, gestation and number of days in the intensive care unit (ICU) were all associated with increased
SAT and externalising behaviours. Bleeds in pregnancy was associated with SAT behaviours. No factor was
associated with internalizing behaviours. Maternal reproductive history and lifestyle measures significantly
associated with child behaviour problems are shown in Table 4, together with the associations between
behaviour problems and the child's gender and age. Number of cigarettes per day was associated with an
increased prevalence of behaviour problem in all three behaviour scales, while number of previous liveborn
pregnancies was associated with an increased risk of SAT behaviours. Male gender was associated with an
increased risk of externalising and SAT behaviours, while older age of the child was associated with
increased risk of internalizing problems.

The relationship between maternal age, marital status, maternal education and family income at the
time of the first visit in pregnancy and child behaviour problems is shown in Table 5. All four factors were
significantly associated with child behaviour problems in all three behaviour scales.

Table 3. Pregnancy and perinatal factors and child behaviour problems at 5 years

n Externalising Internalising SAT
5005 % RR % RR % RR

No. antenatal admissions
0* 3597 10.2 1 11.0 1 115 1
1 1049 10.2 1.0 12.3 1.1 13.7 1.2
>1 359 14.5 1.4 14.7 1.4 17.0 1.5%
P 0.04 0.07 0.003

Bleeds in pregnancy
Nil* 4886 10.5 1 11.6 1 12.2 1
Yes 119 12.6 1.2 10.9 1.0 18.5 1.5t
P 0.4 0.82 0.04

Gestation
40+* 2777 9.5 1 10.9 1 11.8 1
38-39 1745 11.1 1.2 11.6 1.1 12.2 1.0.
36-37 126 12.0 1.3 14.0 1.3 14.6 1.2
21-35 357 18.2 1.9% 17.5 1.6% 22.2 1.91
P 0.006 0.6 0.003

Days ICU
0* 4637 10.3 1 11.3 1 . 12.0 1
1-6 178 9.1 0.9 14.2 1.3 14.2 1.2
>7 192 18.7 1.61 14.1 1.2 20.1 1.7t
P 0.02 0.3 0.01

*Reference category; T 95% Confidence Interval of RR excludes ICU, intensive care unit.

To determine whether pregnancy, perinatal, maternal reproductive history and lifestyle factors
shown in Table 3 and Table 4 were independent predictors of child behaviour, they were entered together
with gender and age of the child, maternal age, marital status, level of education and income into three
separate logistic regression models. Risk of internalizing, SAT or externalising behaviour problem was the
dependent variable. Number of cigarettes smoked per day was included as a continuous variable because of
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its relatively linear association with risk of child behaviour problem, and limits on the number of terms that
could be included in the model.

The adjusted OR and 95% confidence intervals for factors significant in the adjusted analysis in
any of the three behaviour scales are shown in Table 6. The only pregnancy and perinatal factor to remain
associated with child behaviour problems at 5 years, was two or more antenatal admissions which was a risk
factor for all three behaviour scales. The lack of a statistically significant association with bleeds in
pregnancy in the adjusted analysis appeared to be due to its close association with number of antenatal
admission, while number of previous liveborn children was associated with maternal age. Gestation and
number of days in ICU were associated, though neither remained as independent predictors of child
behaviour problems in the adjusted analysis.

The maternal lifestyle factor of number of cigarettes per day remained significant for the SAT
and externalising scales and was almost statistically significant (P=0.06) for internalising behaviours.
Female gender was associated with a lower risk of SAT and externalising behaviours while age of the
child remained associated with internalising behaviours. Though less consistent than in the unadjusted
analysis, maternal age, maternal education and family income though not marital status continued to be
related to child behaviour.

Table 4. Maternal and child factors and child behaviour problems at 5 years

n Externalising Internalising SAT
5005 % RR % RR % RR
No. previous preg-
nancies (liveborn)
o* 2059 10.8 1 12.3 1 13.7 1
1 1566 11.3 11 12.3 1.0 12.8 0.9
2 870 9.5 0.9 9.3 0.8 10.3 0.8t
34 448 94 0.9 10.3 0.8 10.1 0.7t
>5 54 3.1 0.3 7.8 0.6 4.7 0.3
P 0.2 0.1 0.02
Cigarettes per day
o* 3238 8.3 1 10.8 1 10.6 1
1-0 805 11.2 1.4t 10.7 1.0 129 1.2
10-19 568 16 2.0t 14.8 1.4+ 18.6 161
20-29 323 18.6 2.2t 14.9 1.4t 20.1 1.9t
30+ 40 20.0 2.4t 20.0 19 20.0 191
P 0.006 0.001
Child's gender
Male 2616 124 1 11.8 1 14.2 1
Female 2389 8.8 0.7t 11.3 1.0 10.3 0.71
P 0.004 0.6 0.001
Child's age (years)
4 167 9.6 0.9 9.1 0.8 15.0 12
5* 4177 10.6 1 111 1 12.3 1
6 641 10.0 0.9 154 1.4+ 11.9 1.0
P 0.8 0.003 0.5

*Reference category;195% Confidence interval of RR excludes 1.
DISCUSSION

The aim of this study was to determine whether common epidemiological markers of possible adverse
biological events during the pregnancy, delivery or newborn were independent predictors of subsequent
behaviour problems in childhood. Limited associations were present in the univariate analysis, and after
adjusting for measures of social circumstances, only male gender, number of antenatal admissions and
cigarette smoking were predictive of externalising and- SAT behaviours at 5 years, while number of
antenatal admissions was the only factor predictive of internalising child behaviour problems.
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Male gender is known to be associated with an increased prevalence of externalising and SAT
behaviours, and this finding was confirmed in our study. Proposed reasons for this association include
genetic, hormonal, social and neurological differences.”® In males Geschwind and Galaburda have suggested
that left hemisphere development is slowed under the influence of testosterone, and that this slowing results
in a longer period of potential vulnerability to injury.*® These findings cannot be interpreted as providing
support for an association between brain injury and later externalising, SAT or attentional difficulties, though
the latter are increased in males.®® Although the SAT scale has a high reliability coefficient, it includes
conceptually different behaviours. Five SAT scale items belong to the Attention Problems scale of the
complete CBCL, although do not themselves constitute a clinical diagnosis of attentional deficit disorder.
The remaining items are concerned with obsessional and dependent behaviours.

Table 5. Social factors and child behaviour problems at 5 years

n Externalising Internalising SAT
5005 % RR % RR % RR

Maternal age
<20 680 14.3 1.3t 15.6 1.3t 15.9 1.2
20-24 1489 10.1 1.0 10.1 0.8 10.1 - 0.7t
25-29* 1919 10.6 12.1 1 13.8 1
30-34 687 8.7 0.8 9.9 0.8 10.8 0.85
>34 230 6.5 0.8 9.1 0.8 9.1 0.7
P 0.002 0.001 0.001

Marital status
Married* 4004 9.8 10.9 1 115 1
Single 417 125 1.3 12.7 1.2 16.3 1.4t
Living together 482 141 1.4t 14.9 1.41 15.4 1.3t
Other 102 13.7 14 17.7 16.7 15
P 0.009 0.009 0.002

Maternal education
Primary/Op 195 13.3 1.3 10.8 1.0 13.9 1.2
Start secondary 660 13.3 1.3t 159 1.4% 17.1 - 15t
Comp. Gr 10* 2748 10.6 11.0 1 11.6 1
Comp. Gr 12 466 10.5 1.0t 9.9 0.9 11.8 1.0
College/University 936 7.8 0.7t 11.0 1.0 11.2 1.0
P 0.004 0.6 0.001

Income (dollars)
>400 558 8.2 0.8 11.1 1.0 12.4 11
300-399 854 7.9 0.7t 8.7 0.8 9.0 0.8
200-299* 1888 10.9 1 11.0 1 11.6 1.0
100-199 1206 125 1.2 13.9 1.3t 15.1 1.3t
100 260 13.8 1.3 15.0 14 17.7 1.5t
Missing 239 8.8 0.8 11.3 1.0 11.3 1.0
P 0.002 0.004 0.001

*Reference category; 195% Confidence Interval of RR excludes 1. Comp, completed; Op. opportunity.

The only pregnancy factor in this study independently related to later behaviour was two or more
antenatal admissions. Though reasons for these admissions varied, and included bleeding in pregnancy, they
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generally reflect concern regarding the progress of the pregnancy, and may be markers for processes that
disrupt brain development. Again it is not possible to draw a definite conclusion, given the likely
heterogeneous nature of admissions, their associated care, and the possibility that unrecorded aspects of the
mothers’ social environment may have influenced admitting practices.

Table 6. Factors predicting child behaviour at 5 years in the multivariate analysis

Externalising Internalising SAT
% RR % RR % RR

No. antenatal admissions

0* 1 1 1

1 1.0 0.8-1.2 11 0.9-1.4 12 0.9-1.4

>2 14 1.0-1.9 1.3 1.0-1.8 14 1.0-1.8

LRS (2d.f) P 0.13 0.20 0.07
Cigarettes per day

1.3 1.2-15 11 1.0-1.2 1.2 1.1-1.3

LRS (1d.f) P <0.001 0.06 <0.001
Child's gender

Male* 1 1 1

Female 0.7 0.6-0.8 0.9 0.8-1,1 0.7 0.6-0.8

LRS (1d.f) P <0.001 0.49 <0.001
Child's age

0.9 0.8-1.1 12 1.1-1.3 1.0 0.9-1.1

LRS (1d.f.) P 0.43 0.006 0.6
Maternal education

Primary/Op 14 0.9-2.2 1.0 0.6-1.6 13 0.8-2.1
Start Secondary 1.2 0.9-15 14 1.1-1.8 15 1.1-1.8
Comp. Gr 10* 1 1 1
Comp. Gr 12 11 0.8-1.5 0.9 0.7-1.3 11 0.8-1.5
College/University 0.8 0.6-1.1 1.1 6.8-1.4 1.0 0.8-1.3
LRS (4d.f.) [ 0.15 0.08 0.05
Family income (dollars)

<100 11 0.7-1.6 12 0.8-1.8 13 0.9-1.9

100-199 11 0.9-1.4 12 0.9-1.5 1.3 1.1-1.8

200-299* 1 1 1

300-399 0.8 0.6-1.0 0.8 0.6-1.1 0.8 0.6-1.1

>400 0.8 0.6-1.1 11 0.8-1.5 11 0.8-1.5

Missing 0.7 0.4-1.2 1.0 0.6-1.5 0.9 0.6-1.4

LRS (5d.f.) P 0.12 0.15 0.02
Maternal age

<20 1.3 0.9-1.7 1.3 0.9-1.7 1.0 0.8-1.3

20-24 1.0 0.8-1.3 19 0.7-1.1 0.8 0.6-0.9

25-29* 1 1 1

30-34 0.9 0.6-1.2 0.8 0.6-1.2 0.9 0.6-1.2

>34 0.6 0.3-1.1 0.8 0.5-1.3 0.7 0.4-1.2

LRS (4d.f.) P 0.19 0.18 0.18

*Reference category; LRS, likelihood ratio statistic; Comp, completed; Op, opportunity.

A number of recent epidemiological studies have suggested an association between maternal
cigarette smoking in pregnancy and subsequent child behaviour, particularly externalising behaviours. ¥
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Possible explanations for this association include a direct constrictive effect on blood vessels, though there
was no evidence of an association between child behaviour and either SGA status or preeclampsia and child
behaviour in this study. Alternative possibilities would include an influence on acetylcholine
neurotransmitter development, and smoking behaviour being a marker for other maternal characteristics
directly influencing child behaviour. Cigarette smoking in this study was measured by maternal report,
though this has generally been shown to correlate well with cotinine findings.* These issues are
discussed more fully in a separate report on smoking in early and later stages of pregnancy being prepared
for publication.

There was no evidence from this study to link perinatal or neonatal events to later behaviour. This
overall lack of relationship between adverse perinatal factors and later externalising behaviour, supports the
findings of Rantakallis et al. * Similar to a number of studies,”*" prematurity <36 weeks and intensive care
admission were associated with behaviour in the unadjusted analysis. In our study, though not that of
Speechley et al.®” which was a follow-up at adolescence of an earlier neonatal intervention study, the
association was no longer evident after adjusting for measures of social disadvantage. Though a number of
studies have reported an increased prevalence of behaviour problem in premature infants, a recent report
from this hospital found a similar prevalence of ADHD in extremely low birth weight (<1000 g) and control
children of school age. *® Neither Apgar score nor SGA status was significant in the unadjusted analysis, nor
were they significant if they were included in the adjusted analysis. In the Dunedin Study® a cohort study
similar to our study, SGA status was associated with global rating of behaviour problem in children with
stable behaviour problems from 5 to 7 years, though the strength of this association varied with the level of
family adversity. Studies of SGA infants have differed in their outcome findings which have varied from
normal to subtle cognitive and motor impairments and attentional difficulties. This may be attributed to
differences in entry selection criteria, definitions of SGA status and age to follow up.

Many studies have sought, generally unsuccessfully, for evidence of a relationship between
disorders of attention in children and minimal brain damage? Chandola et al.*” reported that compared to
other children in a geographically defined birth cohort, 1 min Apgar score was associated with later referral
for hyperactivity. The definition of hyperactivity was not, however, explicit, non-referred subjects were not
assessed, and the magnitude of the effect was relatively weak. Gillberg and Rasmussen®® reported that non-
optimal events during the neonatal period, particularly dysmaturity, were associated more commonly (31%
vs 10%) in children with marked fine or gross motor dysfunction, though the group of children with isolated
attentional disorders showed no increase in adversity. In the Collaborative Perinatal Project® attention-
impulsivity was rated clinically by the psychologist at the 7 year assessment, and only limited relationships
with 5 minute Apgar scores were present. Low Apgar scores, however, have a variety of aetiologies in
addition to asphyxia.*® Although attention was not independently measured in this study, our findings
provide no support for a minimal brain damage hypothesis as an explanation for later behaviour.

A weakness of this study is loss to follow up. Factors associated with loss to follow up in this and
other similar studies* make it likely that those not attending follow up would have a higher prevalence
of biological risk factors at birth, social disadvantage and subsequent behaviour problems. This
should only bias the findings of this study if the relationship between risk factors and behaviour was
very substantially different in those lost to follow up, from that of study children assessed at 5 years.
Boyle et al.* suggest that losses to follow up of the magnitude seen in this study are unlikely to
substantially bias the estimate of the effect where this is measured by the relative risk. Though an
extensive list of possible risk factors are considered in this study and include most common
epidemiological measures, the list is not exhaustive. It is possible, though unlikely, that other
markers may be better predictors of child behaviour. The behavioural questionnaire used in this
study has high internal reliability and provides separate measurement of internalising and externalis-
ing child behaviour. It is not, however, a complete Child Behaviour Checklist and as it does not
include all nine subscales, it is possible that associations specific to one of these scales may have
been missed. Finally, multiple statistical comparisons were made, and though this does increase the
probability of chance associations, all involved testing a biologically plausible hypothesis.

Findings from this study suggest that for low risk infants, most commonly used
epidemiological measures of adverse biological events in pregnancy and the perinatal period do not
predict behaviour problems in later childhood.
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