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The aim of this thesis is to study associations of prenatal and perinatal conditions 
with cognitive and psychiatric problems in later life. Individual as well as joint 
perinatal risk factors on psychiatric mono- as well as multimorbidity are assessed. 
 The introduction describes aim and outline of the thesis. Chapter two 
deals with methods and starts with a description of the Perinatal Project 
Groningen (PPG), a birth cohort set up 29 years ago with the aim to study 
associations between prenatal and perinatal factors and the children’s postnatal 
condition. Predictor variables, sampling procedures, and follow-up measurements 
are described in detail. Attention is given in particular to the Obstetric Optimality 
Score (OOS) and the rationale behind this aggregated measure of conditions 
around birth. The idea is as follows. Pregnancy and delivery are complex 
processes, and isolated obstetric complications rare and often accompanied or 
followed by a number of others. Moreover, perinatal factors may counteract each 
other so that one optimal condition can compensate for another less favourable 
one. Therefore, Prechtl (1980) and Touwen (1980) introduced the OOS: a list of 
74 items describing the pre- and perinatal condition of mother and foetus. The 
coverage of the OOS is wide, ranging from parents’ socio-economic situation to 
the baby’s Apgar score. For each item an optimum was defined. Each optimal 
condition contributed a point, yielding a total summary score ranging between 0 
(least optimal) and 74 (most optimal). 
 Chapter 3 examines the effects of one individual prenatal risk factor, 
maternal smoking during pregnancy, on academic achievement and emotional and 
behavioural problems during childhood. After adjustment for confounders that 
were significantly related to outcome measures - like parental socio-economic 
status, paternal smoking, and obstetric complications -, children of mothers who 
smoked during pregnancy performed worse on arithmetic and spelling tasks, 
showed more signs of attention deficit, and displayed higher levels of 
externalising behaviour than children who had not been exposed to cigarettes 
prenatally. By contrast, internalising behaviour was not related to maternal 
smoking but to factors like low socio-economic status and maternal psychiatric 
disease during pregnancy. Thus, prenatal and perinatal antecedents of 
internalising behaviour differ from those for externalising behaviour, attention 
deficit, and learning difficulties. Chapter 4 illustrates how individual prenatal and 
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perinatal factors sometimes counteract each other’s effect: in a PPG subsample, 
significant negative links between maternal smoking during pregnancy and 
scholastic performance existed only in children that had been bottle fed. We 
hypothesise that some important healthy features of breast milk, like high 
concentrations of long chain polyunsaturated fatty acids or maternal hormones, 
may exert positive effects on the foetus, and thus counteract harmful effects of 
maternal smoking incurred during pregnancy. 
 Research has shown that prenatal and perinatal adversities are associated 
with minor neurological dysfunctions in children at school age (Hadders-Algra et 
al., 1988). Therefore, evaluation of the neurological condition of a child with 
learning or behavioural problems may yield insight into the aetiology and 
pathogenesis of these problems. In chapter 5 associations are studied between 
minor neurological dysfunctions (MND) and school performance and emotional 
and behavioural problems in pre-adolescent children that were members of the 
PPG. The aim was to evaluate whether specific types of MND in pre-adolescent 
children are related to specific learning and behavioural problems, and whether it 
is the type or the severity of the neurological dysfunction that matters most. It 
turned out that children with more MND clusters performed worse academically 
and had more signs of attention deficit than others. In contrast, internalising and 
externalising behaviours were linked to specific forms of MND only. Thus, while 
learning problems appear to result from a more diffuse dysfunction of the human 
brain, emotional and behavioural problems are related to more specific 
neurological signs suggesting a more localised nature of the dysfunction and, 
possibly, more specific antecedents in early life. 
 In the remainder of the thesis, this hypothesis is evaluated using follow-up 
data on the PPG members into young adulthood. Chapter 6 deals with the effects 
of joint perinatal risk factors, operationalised using the Obstetric Optimality Score 
(OOS), on non-psychotic emotional problems and substance use in young 
adulthood. In addition, analyses were performed to examine whether any links 
were mediated by internalising and externalising temperaments in childhood. The 
general obstetric situation, as operationalised by the OOS, was a better predictor 
of substance use than of emotional problems in young adulthood.  In males only, 
an association existed between lower OOS scores and more emotional problems 
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in young adulthood, but this link was mediated by externalising behaviour during 
childhood.  

Chapter 7 introduces the cluster coefficient (CC) as an alternative for the 
more widely used odds and risk ratio’s.  In contrast to these last two statistics, the 
CC can capture multimorbidity of more than two disorders and does not confound 
clustering with coincidental comorbidity. In chapter 8 the use of the CC in 
quantifying multimorbidity is illustrated in a PPG subsample of 258 young adults. 
As shown with the CC, multimorbidity in this sample occurred far more 
frequently than was to be expected on the individual disorders’ separate 
prevalences, and this was increasingly so when more disorders were taken into 
account. On the other hand, fewer persons than expected had one diagnosis only. 
Since prognosis is relatively poor when disorders co-occur, it is important to 
identify early risk factors for multimorbidity. Thus, the second aim of chapter 8 is 
to examine early life factors that might be associated with multimorbidity and to 
investigate whether these risk factors differ from those for psychiatric 
monomorbidity. Research on single outcomes, monomorbidity, has been the focus 
of most epidemiologic psychiatric studies to date. We found that, although 
separate perinatal risk factors were related to separate psychiatric diagnoses, not 
one of them in isolation predicted multimorbidity. However, the aggregated 
Obstetric Optimality Score (OOS) wás linked to multimorbidity: the risk of 
multimorbidity in young adulthood was lower when the situation around birth was 
more optimal. Apparently, it is the chain of adverse perinatal events that induces 
vulnerability for multimorbidity. 
 Chapter 9 discusses the results from the studies described in the chapters 
3 to 8. The main conclusion is that there indeed are associations between negative 
prenatal and perinatal circumstances and cognitive, behavioural, and emotional 
problems in later life. Two other findings are that multimorbidity is a frequently 
occurring phenomenon and that risk factors for it differ from those for isolated 
psychiatric disorders. Therefore, chapter 10 re-examines the definitions of co- and 
multimorbidity. It is argued that the aetiology of psychiatric multimorbidity can 
only be sufficiently understood when research focuses more on persons instead of 
disorders. In chapter 11 implications for research and practice are proposed and 
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recommendations for further study are given. Finally, chapter 12 discusses the 
strengths and limitations of the thesis. 
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