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Aim of this thesis 
 
The aim of this thesis was to study associations of perinatal conditions with 
cognitive and psychiatric problems in later life. Most epidemiological studies on 
the effects of perinatal circumstances on future (mental) health focus on specific 
obstetric complications – like complications during delivery, low birth weight, or 
maternal smoking during pregnancy – as specific risk factors for specific 
disorders. However, pregnancy and delivery are complex processes, and isolated 
obstetric complications rare and often accompanied or followed by a number of 
others.1 Moreover, perinatal factors can counterbalance each other so that one 
optimal condition may compensate for another less favourable one.  

At the other end of the risk factor – endpoint relationship, psychiatric 
disorders frequently co-occur or cluster. In 1998, Ravelli and collegues2 carried 
out a random survey of the Dutch population. They found that about one third of 
all psychiatric morbidity over a period of one to twelve months involved more 
than one disorder. The percentage of lifetime comorbidity, of course, is higher: 
almost fifty percent.  This means, as Kessler3 argued, that psychiatric disorders 
concentrate in a small group of individuals, and that they are not randomly 
distributed within the population. This suggests that many risk factors for 
psychopathology are not disorder-specific.4 Multimorbidity, like symptom 
intensity and duration, may be a measure of disease severity.5,6 Other –more used- 
indications of disease severity are the chronicity and the duration of symptoms 
and the degree to which they invalidate a person. In the past, comorbidity of 
symptoms has hardly ever been considered when determining the severity of 
psychiatric morbidity. And yet, especially when psychiatric disorders co-occur, 
the prognosis is poor.2,5   

The question arises whether determinants of disease severity, or 
multimorbidity, differ from risk factors for the onset of isolated disorders. 
Therefore, in this thesis, effects of individual as well as joint perinatal risk factors, 
on mono- as well as multimorbidity, were assessed.  
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Outline of this thesis 
 
The data described in this thesis come from a longitudinal prospective 
epidemiological study on perinatal complications and mental health later on. Chapter 
2 describes the design, subjects, and measures involved in this thesis.  Chapter 3 
examines the effects of one isolated sub-optimal perinatal risk factor, maternal 
smoking during pregnancy, on academic achievement and emotional and 
behavioural problems during childhood. Chapter 4 describes how negative effects of 
maternal smoking during pregnancy on the child’s cognitive performance can be 
limited by breastfeeding the child. This illustrates how perinatal factors may 
counteract each other’s effect so that one optimal condition might compensate for 
another less favourable one.  

Research has shown that pre- and perinatal adversities are associated with 
minor neurological dysfunctions in children at school age.7 In chapter 5 
associations between minor neurological dysfunctions and learning and 
behavioural problems in pre-adolescent children are studied. We examined 
whether specific types of minor neurological dysfunction (MND) are related to 
specific types of learning and behavioural problems, and whether it is the type or the 
severity of the neurological dysfunction that matters most. When evaluating the 
impact of specific types of MND, joint risk factors are studied since the presence of 
a single sign of dysfunction, such as the isolated presence of a Babinski sign, does 
not allow for the label MND: Essential to the label MND is the presence of a 
cluster of signs of dysfunctions. Chapter 6 deals with the effects of joint perinatal 
risk factors, on non-psychotic emotional and substance use disorders in young 
adulthood. In addition, analyses were performed of whether these links were 
mediated by internalising or externalising temperaments in childhood. In chapter 7 a 
measure is introduced which can capture multimorbidity of more than two disorders: 
the cluster coefficient.  Joint occurrence of more than two psychiatric disorders is no 
exception, but odds and risk ratio’s – the most frequently used measures of 
association in research on comorbidity in psychiatric epidemiology - can manage 
associations between two disorders only. Chapter 8 illustrates the use of the cluster 
coefficient, applied to psychiatric disorders, in a sample of 258 young adults. 
Also, effects of individual as well as joint perinatal risk factors on monomorbidity 
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and multimorbidity are assessed. The ninth chapter places the results of the 
studies in this thesis in a theoretical framework and chapter 10 contains a 
discussion of the concept psychiatric multimorbidity. In chapter 11 implications 
for research and practice are proposed. Finally, chapter 12 discusses the strengths 
and limitations of the thesis. In chapter 13 a summary of the thesis is given. 
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Research context: the Perinatal Project Groningen (PPG) 
 
This thesis is part of an ongoing program on the etiology of emotional and 
behavioural disorders run at the Department of Social Psychiatry, University of 
Groningen. The study benefits from the Perinatal Project Groningen (PPG), a 
birth cohort started in order to study associations between factors operating during 
gestation and in the perinatal period on the one hand, and the child’s postnatal 
condition on the other. For this purpose, all births of singleton infants in the years 
1975-1978 in the University Hospital Groningen (n = 3162) were documented in 
great detail. Obstetric data were collected on precoded lists and stored on computer 
file. They included data on social background, past pregnancies (e.g. preterm 
deliveries, abortions, previous infertility), non-obstetric condition of the mother 
during present pregnancy, obstetric aspects of present pregnancy (e.g. pre-eclampsia, 
hypertension, weight gain), parturition, and the child’s immediate postnatal 
condition. For subsamples, follow-up data on childhood neurological condition, 
school performance and behavioural and emotional problems were available. The 
present study is a continuation of PPG as a large-scale study of longitudinal 
development in the Netherlands.  
 
 
Predictor variables: The obstetric optimality score (OOS) 
 
Prenatal, perinatal, and postnatal conditions were quantified using the so-called 
‘optimality scores’ that were introduced by Prechtl1 and Touwen and colleagues2. 
The basic idea of the optimality concept is that it is easier to define an ‘optimum’ 
condition than a ‘normal’ one. For example, while multiparity implies a less optimal 
obstetrical condition compared to nulliparity, it is unclear where to draw the 
distinction between “normal” and “abnormal” parity. However, an optimal parity is 
easier to define: having given birth to one previous child is optimal. 
 Touwen and collegues2 constructed a list of 74 items describing the pre- 
and perinatal condition of the mother and the foetus (see Appendix). This list was 
based on common-sense clinical experience and contemporary literature on risk 
factors for perinatal death and cerebral palsy1. For each item an optimum was 

 
 

9



defined, and each optimal condition contributed a point, yielding a sum score 
ranging between 0 (least optimal) and 74 (most optimal). The lower the total score 
in an individual case, the less optimal the course of pregnancy and/or delivery is 
assumed to have been. As items were not individually weighed, the scores were 
quantitative indicators of how many items were not optimal. As it turned out 
empirically, suboptimality of most of the important items (like low birth weight) 
was associated with a simultaneous lack of optimality in many others. This would 
suggest that the system is self-weighing1. 
 Interesting research results have been obtained by applying the optimality 
concept to analyses of the effects of a particular complication1. For instance, 
infants of hypertensive and/or alcoholic mothers were more likely than others to 
be neurologically abnormal if their optimality score was relatively low. Findings 
like these have supported the clinical impression that complications do not 
necessarily operate as risk factors if they occur in splendid isolation. The 
optimality concept demonstrates this, puts it to quantitative use and is, moreover, 
easily applicable. However, it should be clear that in clinical use as well as in 
research an optimality list should never replace the separate recording of 
complications. Complications and clinical diagnoses on the one hand, and 
obstetrical optimality scores on the other, are complementary to each other and 
not mutually exclusive. 
 
 
Subjects and sampling 
 
Original subjects 
Original subjects were 3162 singleton infants, born in the years 1975-78 in the 
University Hospital Groningen. Perinatal data of these children were documented in 
detail. 
 
Sample followed up at school age 
Subsamples of the PPG birth cohort were re-examined when the children were 
aged between 5.5 and 11 years.  
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The subsamples consisted of: 
• all children with a definitely abnormal neonatal neurological condition (n 

= 133)P

3
P 

• a random sample of all children with a normal neonatal neurological 
condition (n = 300) or a mildly abnormal neonatal neurological condition 
(n = 293)P

3
P 

• all children born preterm and/or small for gestational age between 1 
January 1977 and 30 June 1978 (n = 237)P

4
P 

• all children born at term who participated in a study on the effect of 
intrauterine exposure to ritodrineP

5
P. Ritodrine has been shown to not affect 

affect neurobehavioural development in this cohort.P

5
P 

Attrition in the various subsamples varied from 0 to 7%. Children with overt 
neurological syndromes such as cerebral palsy were excluded from the present 
analyses. Because of some overlap in the subsamples the total number of children 
re-examined between age 5.5 and 11 years was 1186. For a subsample of 580 
children who were in primary school (i.e. >6 years), school performance was 
assessed.  

Sample followed up at 20-25 years: questionnaires 

When the cohort had reached the age bracket 20 years – 25 years, 92% (n = 2900) 
was alive and tracked down as living in the Netherlands. All these cohort 
members were sent a questionnaire pack focusing on emotional and substance use 
problems in young adulthood. Almost 60% (n = 1826) completed and returned the 
questionnaire pack.  
 
Sample followed up at 20-25 years: psychiatric interview 
Of 682 subjects (24%) full data for the three age brackets (perinatal, primary 
school age, and young adulthood) were available. From these, 258 study subjects 
(8% of full sample, 38% of subjects with full data) were selected for a psychiatric 
diagnostic interview on the basis of their Obstetric Optimality Score. For this 
purpose, the group of 682 subjects with full data available was divided into 
deciles. Originally, the aim was to select 32 persons at random from every decile, 
so that the total group selected for psychiatric interview would be 320. However, 



as less than 32 persons were available in the highest and in the three lowest 
deciles, individuals falling in the more central 6 deciles had to be oversampled. 
Table 2.1 shows the number of cohort members available in the OOS-deciles and 
the number of individuals who responded to the invitation to partake in the 
interview. 
 

Table 2.1: PPG cohort members available in OOS-deciles and number of persons 
interviewed 
Decile OOS-score 

 
Number of 
persons 
available  

Number of persons 
interviewed  

Percentage 

1e 42-44 1 1 100% 

2e 45-47 13 9 69% 

3e 48-50 26 20 77% 

4e 51-53 59 35 59% 

5e 54-56 89 36 40% 

6e 57-59 137 37 27% 

7e 60-62 151 35 23% 

8e 63-65 132 40 30% 

9e 66-68 64 35 55% 

10e 69-71 10 10 100% 

Total  = 682 = 258 Percentage 

  

Samples and predictor variables 
Table 2.2 shows scores for the different samples and the total PPG-sample for 
some important predictor variables and possible confounders studied in this 
thesis. The mean perinatal condition of the study groups was less optimal 
compared to the remainder of the PPG-cohort: Obstetric optimality scores were 
lower, maternal smoking during pregnancy occurred more often, birth weight and 
Apgar scores were lower, and age of the mother was higher in the study groups. 
Moreover, pregnant women attending the Department of Obstetrics of the 
Groningen University Hospital are not a random selection of the pregnant 
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population but have relatively more complicated pregnancies.6 The Netherlands is 
a country with a high proportion of home deliveries (40% in the years 1975-78), 
and only women with poor obstetric histories and serious complications of 
pregnancy were referred to the Department of Obstetrics for advanced perinatal 
care.  
 
Table 2.2: Chapters of the thesis, sampling, and predictor variables  
Predictor 
variable 

Chapter 3, 4 
&5: Follow up at 
5.5-11 years 
 
n = 1186  

Chapter 6:  
Follow up at 20-
25 years: 
Questionnaires 
Data available 
perinatally, at 
primary school 
age, and young 
adulthood)   
 n = 682 

Chapter 8: 
Follow up at 20-
25 years: 
Psychiatric 
interview 
 
n = 258 

Total PPG 
Cohort 
 
N = 3162 

Obstetric 
Optimality Score 
(OOS) 

59.2 (4.8) 59.3 (5.1) 58.6 (6.2) 60.1 (4.6) 

Maternal 
smoking during 
pregnancy 

4.9 (6.9) 4.3 (6.6) 4.2 (6.7) 4.5 (6.8) 

Breast vs bottle 
feeding 

30 : 70% 32 : 68% 34 : 66% 33 : 67% 

Birth weight 3103g (631) 
 

3102g (647) 3143 (698) 3300 (565) 

Apgar score 
3 minutes 

9.3 (1.3) 
 

9.2 (1.4) 9.1 (1.5) 9.5 (1.1) 

Age of the 
mother during 
pregnancy 

25.6 (4.8) 26 (4.8) 26 (4.9) 25.4 (4.7) 

Married vs 
unmarried status 
of the parents 
during pregnancy 

94 : 6% 96 : 4% 91 : 9% 93 : 7% 

Socio-economic 
status of the 
parents during 
pregnancy (low: 
middle: high) 

33 : 33 : 34% 30 : 33 : 37% 27 : 33 : 40% 35 : 34 : 31% 
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The relatively high rate of adverse perinatal conditions can be considered as an 
advantage in a study on associations between obstetrics on the one hand and 
childhood school performance and behaviour and psychopathology in young 
adulthood on the other. However, it should be borne in mind that reported 
incidences of abnormalities can not be extrapolated to the general population. 
 
 
Follow-up at school age (5.5-11 years) 
 
The re-assessment at school age consisted of 1) a detailed neurological 
examination, 2) behavioural questionnaires, and 3) school performance tests.  

The detailed neurological examination7 focused on the presence of minor 
neurological dysfunctions (MND). These dysfunctions are also known as soft 
neurological signs, but the term minor neurological dysfunction is preferable as 
the word “soft” has the fallacious connotation of ambiguity.8 Essential to the 
diagnosis of MND is the presence of a cluster of signs of dysfunctions. This 
means that the presence of a single sign of dysfunction, such as the isolated 
presence of a Babinski sign, does not allow for the label MND. The signs of 
MND were divided into six clusters (Table 2.3), which are organised according to 
the functional, neurobehavioural subsystems of the nervous system used in 
clinical practice.  

The person carrying out the neurological examination was unaware of the 
child’s perinatal history, its behavioural development and its school performance. 
The presence or absence of dysfunction in these clusters can be rated with 
substantial interobserver agreement.9 

 
As regards childhood behaviour, parents and teachers were asked to indicate, on a 
7-item questionnaire, whether they regarded the child in question as more, the 
same or less irritable, hyperactive, difficult to handle, headstrong, easily 
frightened, shy, and anxious than the average child. No data could be obtained 
from 0.3% of the parents and 7.2% of the teachers.  
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Table 2.3 Functional clusters of MND, based on the neurological examination of Touwen7 , adapted 
from Hadders-Algra et al.3 The clusters were developed on the basis of clinical knowledge.7

Cluster Based on Criteria for dysfunction 
 1. Dysfunctional muscle tone 
regulation 

Muscle tone 
Posture during lying, sitting, 
standing, and walking 

One or more of the following: 
- consistent mild deviations 

in muscle tone 
- consistent mild deviations 

in posture 
 
2. Reflex abnormalities 

 
Abnormal intensity and/or 
threshold or asymmetry in: 

- biceps reflex 
       - knee jerk 

- ankle jerk 
Footsole respons: uni- or 
bilateral babinski sign 

 
Presence of at least two signs 

 
3. Choreiform dyskinesia 

 
- Spontaneous motor 

behaviour 
- Test with extended arms 
- Face, eyes, tongue 

 
Presence of at least one of the 
following: 
- Marked choreiform 

movements of distal and 
facial muscles 

- Slight or marked 
choreiform movements of 
proximal muscles, eyes or 
tongue 

 
4. Coordination problems 

 
- Finger-nose test 
- Fingertip-touching test 
- Diadochokinesis 
- Kicking 
- Knee-heel test 
- Reaction to push (sitting, 

standing) 
- Romberg 
- Tandem gait 
- Standing on one leg 

 
Presence of age-inadequate 
performance on at least two 
tests 

 
5. Fine manipulative disability 

 
Finger-opposition test: 

- smoothness 
- transition 

Follow-a-finger test 
Circle test 

 
Presence of age-inadequate 
performance on at least two 
tests 

 
6. Rarely occurring 
miscellaneous dysfunctions 

 
- Motor behaviour of face, 

eyes, pharynx, tongue 
- Associated movements 

during diadochokinesis, 
finger-opposition test, 
walking on toes or heels 

 
Evidence of at least one of the 
following: 
- mild cranial nerve palsy 
- excessive amount of 

associated movements (for 
age) 
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For a subsample of 580 children who were in primary school, reading, spelling, 
and arithmetic were assessed with short standardized Dutch tests. Reading was 
assessed by counting the number of test-words the child could read aloud 
correctly within one minute.10 Similarly, arithmetic was evaluated by counting the 
number of standard-problems the child could solve correctly within three 
minutes.11 Spelling was tested by assessing how many dictated words out of a 
standard list of 50 words, the child could write correctly.12 Also, for this subgroup 
(n=580), concentration (good, moderate, poor), distractibility (little, moderate, 
severe), and attention span (long, moderate, short) were scored by teachers and 
parents. 
 
 
Follow-up at age 20-25 
 
Questionnaires 
 
The self-report questionnaire, sent to cohort members when they were 20-25 years 
old, consisted of socio-demographic factors, the short version of the General 
Health Questionnaire (GHQ12, Koeter & Ormel13), the depression and anxiety 
scales of the Symptom Checklist (SCL-9014), and questions on alcohol, cigarette 
and drug use in the last month and the last year.  
 
Sociodemographic variables  
As to socio-demographic variables other than age and gender, information was 
gathered on marital state, education, job or study (yes/no), and nationality. Of the 
1726 respondents 53.1% was female. Mean age was 22.3 years (SD= 1.15, range 
20-26). Only 0.3% did not have the Dutch nationality. Eight percent did not work 
or study, because they were houseman or housewife (2.6%), unemployed (3.7%), 
or unable to work (1.6%). Thirty percent of the respondents were married of 
living with a steady partner, and 3.7% only had primary school. 
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General Health Questionnaire (GHQ)
The General Health Questionnaire is a general measure of psychological distress 
and consisted of 60 items in its original form (Goldberg15). The short Dutch 
version of the GHQ, the GHQ-12, was tested extensively by Koeter and Ormel.13 

The GHQ concentrates on two fundamental groups of problems: inability 
to carry out one’s normal “healthy” functions and the appearance of new 
phenomena of a distressing nature. The patient is asked to assess changes in 
his/her mood, feelings and behaviour during the last month. The patient evaluates 
their occurrence on a 4-point response scale ranging from: “less than usual”, “no 
more than usual”, “rather more than usual”, “much more than usual”. The 
standard scoring method recommended by Goldberg15 is called the “GHQ-
method”. Scores for the first two response categories are “0” and for the two 
others “1”. Sometimes a modified scoring method, called Goodchild and Duncan-
Jones’s method (CGHQ), is used.16 In this way of scoring the answer depends on 
whether the positive answer to a question indicates illness or health. Among items 
indicating illness, like “feeling unhappy and depressed”, a respondent gets 1 point 
for the answer “no more than usual”. Therefore, the scoring of answers for such 
questions is 0,1,1,1. In items indicating health, like “being able to concentrate on 
whatever you’re doing”, the reply “same as usual” has a 0-value. The scoring of 
items indicating health is then the same as the standard scoring in the GHQ 
(0,0,1,1). Both scoring methods give the same theoretical range of sum scores, 
which is between 0 and 12 points for the GHQ-12. In the analyses carried out in 
this thesis, the original method of response scoring of Goldberg was used 
(0,0,1,1).   

In population studies women generally have higher mean GHQ-scores 
than men.13 For the most part this difference is probably due to the higher 
prevalence of anxiety and depressive symptoms in women. Furthermore, there 
seems to be a gender difference in the effects of aging for GHQ-scores: for men 
there is no age effect, while for women GHQ-scores tend to decrease with aging. 
Table 2.4 shows mean scores for males and females aged 18-24 years in the 
general Dutch population13 and scores of respondents in this thesis. Finally, 
gender related reporting biases might be responsible for the gender difference in 
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GHQ-scores.17 
  
Table 2.4: Mean GHQ-12 scores and standard deviations (between brackets) in the 
general Dutch population aged between 18 and 24 (Koeter & Ormel13) and in this thesis 

 General Dutch population Subjects in this thesis 
Males 1.20 (2.18) 1.44 (2.63) 
Females 1.68 (2.15) 2.46 (3.24) 
 
 
Symptom Checklist-90 (SCL-90) 
The Dutch translation14 of the Symptom Checklist-9018 is a self-report of subjects’ 
symptoms and psychopathological features on 8 subscales: Paranoid ideation and 
interpersonal sensitivity, hostility, sleeping problems, insufficient thinking and 
acting, somatisation, agoraphobia, anxiety and depression. Besides, the total 
sumscore is a general measure of neuroticism.  

The Dutch version of the SCL-90 resembles the original questionnaire of 
Derogatis and colleagues18 as much as possible. When answering the questions the 
respondent reports, on a five point scale, the extent to which, during the last week, 
he or she suffered ‘not at all’(1), ‘a little’ (2), ‘fairly’ (3), ‘rather much’ (4) or ‘a 
great deal’ (5) from the symptom at issue. The SCL-90 proved to be valid and 
reliable in the Dutch population.14 

 In this thesis, two subscales of the SCL-90 were used: anxiety and 
depression. Anxiety is scored on a 10-item subscale concerning symptoms that 
are clinically associated with a high level of anxiety. It concerns complaints 
related to general symptoms as nervousness and tension, along with more specific 
symptoms like panic attacks and restlessness. Finally, cognitive problems such as 
expectations of disaster and fearful thoughts and ideas are addressed.  
The depression scale of the SCL-90 consists of 16 items addressing symptoms 
that are usually associated with the clinical syndrome of “depression”. Among 
these are complaints like dejection, inability to enjoy things, lowered self-esteem, 
and thoughts of guilt, hopelessness, death and suicide, as well as physical aspects 
like loss of appetite, lack of energy, and decreased sexual interest.  
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Table 2.5a shows normative scores for the depression and anxiety subscales of the 
SCL-9014. These normative scores are based on scores from 1026 individuals 
randomly selected from and representative for the general Dutch population 
(>18years old). Table 2.5b shows mean scores and standard deviations in this 
population and in the population studied in this thesis. 
 
Table 2.5a: Normative SCL-90 scores in the general Dutch population (n = 1026, 42% 
males)(Arrindell & Ettema14) 

 Anxiety 
Males 

 
Females 

Depression 
Males 

 
Females 

Very high 22 27 34 42 

High 15-21 18-26 23-33 28-41 

Upwards of mean 12-14 14-17 21-22 23-27 

Mean 11 13 18-20 21-22 

Downwards of mean 10  11-12 17 19-20 

Low 10  10  16  17-18 

Very low 10  10  16  16  

 
Table 2.5b: mean scores and standard deviations (between brackets) for the anxiety and 
depression scale of the SCL-90 in the general Dutch population (Arrindell & Ettema14) 
and in the subjects studied in this thesis 

 Anxiety 
Males 

 
Females 

Depression 
Males 

 
Females 

General Dutch 
population 
n = 1026 

13.0 (4.3) 14.6 (5.7) 20.7 (6.3) 23.8 (8.6) 

Subjects studied 
in this thesis 
n = 1826 

12.3 (4.2) 14.0 (5.5) 21.2 (7.9) 24.7 (9.9) 

Two-tailed t-test T = 4.2 
p < 0.001 

t = 2.8 
p = 0.006 

t = -1.7 
p = 0.082 

t = -2.4 
p = 0.015 
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Questions on alcohol, cigarette and drug use 
Drug use was assessed with one question: did you use drugs in the last 12 months, 
like marihuana, amphetamines, cocaine, heroine, etcetera? Subjects could answer 
with ‘never in the past 12 months’, ‘1-4 times’, ‘5-8 times’, ‘9-12 times’, or ‘more 
than 12 times’. Table 2.6a shows self-reported drug use by our respondents in the 
preceding 12 months.  
  
Table 2.6a Self-reported drug use (marihuana, amphetamines, cocaine, heroine, etcetera) 
in the past 12 months  

 Males (n = 807) Females (n = 915) 

Never 76.6% 89.5% 

1 - 4 times  9.4%  5.0% 

5 – 8 times  1.4%  0.7% 

9 – 12 times  2.3%  0.7% 

more than 12 times in the 
past 12 months 

10.2%  4.2% 

 
 
Alcohol use was assessed with three questions: how many glasses of alcohol did 
you drink in the past 30 days (‘never’, ‘less than one glass a day’, ‘1-3 glasses a 
day’, ‘4-7 glasses a day’, 7-12 glasses a day’, or ‘more than 12 glasses a day’), 
how many glasses of alcohol did you drink in the past 12 months (idem), how 
many times were you drunk in the past 12 months (‘never’, ‘1-4 times’, ‘5-12 
times’, 13-20 times’, or ‘more than 20 times in the past 12 months’)? Tables 2.6b 
and 2.6c show selfreported alcohol use in the preceding 30 days and 12 months 
and number of times drunk in the preceding 12 months. For comparison, in the 
general Dutch population 10.7% of the males and 13.1% of the females in this age 
category had never used alcohol in the preceding month.19 
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Table 2.6b  Self-reported alcohol use in the past 30 days and in the past 12 months 

 Males (n = 804) 
past 30 days          past 12 months

Females (n = 913) 
past 30 days          past 12 months 

Never 12.7%  9.0% 31.5% 19.2% 

< 1 glass a day 46.9% 46.5% 52.7% 61.4% 

1-3glasses a day 31.4% 34.2% 12.5% 14.9% 

4-7glasses a day  7.3%  8.6%  2.5%  3.5% 

7-12glasses a day  0.9%  0.9%  0.4%  0.7% 

>12 glasses a day  0.9%  0.9%  0.3%  0.3% 

 
 
Table 2.6c  Self-reported times of drunkenness in the past 12 months 

 Males  Females  

Never 40.5% 67.9% 

1 - 4 times 37.1% 24.8% 

5 – 12 times 12.3%  5.1% 

13 – 20 times  5.6%  1.8% 

more than 20 times  4.6%  0.4% 

 
 
Cigarette smoking was assessed with two questions: 1) How many cigarettes a 
day did you smoke in the past 30 days (number of cigarettes a day)? and 2) How 
many cigarettes a day did you smoke in the past 12 months (‘none’, ‘less than 3 
cigarettes a day’, 3-10 cigarettes a day’, ’11-20 cigarettes a day’, or more than 20 
cigarettes a day)? Among males who had smoked in the preceding 30 days, mean 
number of cigarettes smoked was 12.1 (range 1-40, SD 6.6), for females this was 
11.2 cigarettes (range 1-40, SD 7.1). Table 2.6d shows frequencies of cigarette 
smoking of our respondents in the preceding 12 months. For comparison, in the 
general Dutch population 40.3% of the males and 35.1% of the females in this age 
category had never smoked in the preceding month.19 Among male smokers in the 
general Dutch population mean number of cigarettes smoked in the preceding 
month was 10.6, for females this was 9.8.19
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Table 2.6d  Self-reported cigarette smoking in the past 12 months 

 Males (n = 794) Females (n = 906) 

Never 47.5% 50.7% 

< 3 cigarettes a day  7.2%  8.8% 

3-10 cigarettes a day 19.0% 16.8% 

11-20 cigarettes a day 22.2% 18.9% 

> 20 cigarettes a day  4.2%  4.9% 

 
 
 
Psychiatric interview 
 
The Composite International Diagnostic Interview (CIDI) was developed in the 
1980s in the context of a joint project of the World Health Organisation and the 
US Alcohol, Drug Abuse and Mental Health Administration (ADAMHA).P

20
P It 

was worked out mainly from the point of view of epidemiologic studies of 
psychopathology in the general population. The CIDI is a comprehensive, highly 
structured and standardised interview, allowing diagnosis of mental disorders in 
accordance with criteria of ICD-10 P

21
P and DSM-IVP

22
P. The interview covers the 

following 12 sections, dedicated to individual groups of disorders: 
• Nicotine dependence 
• Somatisation and dissociative disorders 
• Anxiety disorders 
• Depression and dysthymic disorder 
• Mania and affective, bipolar disorder 
• Schizophrenia and other psychotic disorders 
• Eating disorders 
• Alcohol related disorders 
• Obsessive-compulsive disorder 
• Disorders related to psychoactive substances abuse 
• Mental deterioration (dementia, memory disorder, and other cognitive 

disorders) 
• Posttraumatic stress disorders. 
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In the present study, the computerized Dutch translation version 1.1 (validated by 
Smeets and DingemansP

23
P was used to obtain DSM-IV diagnosis.P

22
P The interviews 

were carried out by 3 interviewers trained at a university hospital in Amsterdam, 
the Netherlands. We focused on six groups of disorders: 

• depressive disorders 
• anxiety disorders and phobias  
• somatisation 
• alcohol abuse and/or dependence 
• substance use, including cannabis and sedatives 
• nicotine dependence. 

 
Prevalence of CIDI-diagnoses for these groups of psychiatric disorders in 258 
PPG-cohort members in the preceding 12 months are shown in table 2.7a. Table 
2.7b shows the multimorbidity distribution. 
 
Table 2.7a: Prevalence of 12 month CIDI-diagnoses in 258 PPG-cohort members 

 Males (n = 128) Females (n = 130) 

Depression  9.4% 15.4% 

Anxiety  6.3% 10.0% 

Somatisation  0.8%  3.1% 

Alcohol abuse and/or 
dependence 

12.5%  3.8% 

Substance use  7.0%  1.5% 

Nicotine dependence 11.7%  9.2% 

 
 
 
 
 
 
 
 



Table 2.7b Multimorbidity distribution of six types of psychiatric disorders in a sample of 
258 PPG-cohort members 

Multimorbidity Males (n = 128) Females (n = 130) 

0 disorders 
1 disorder 
2 disorders 
3 disorders 
4 disorders 
5 disorders 

74.2% 
14.8% 
 4.7% 
 3.1% 
 2.3% 
 0.8% 

71.5% 
19.2% 
 7.7% 
 0.8% 
 0.8% 
 0.0% 
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Abstract 
 
Aim 
To examine effects of maternal smoking during pregnancy on academic 
achievement and emotional and behavioural problems during childhood.  
Methods 
Least squares regression was used to examine associations between maternal 
smoking prior to delivery and subsequent academic performance and behaviour of 
1186 children aged 5.5 to 11 years.  
Main Outcome Measures 
Parents and teachers were asked to indicate, on a 10-item questionnaire, whether 
they regarded the child as more, the same, or less shy/withdrawn (internalising), 
troublesome (externalising), and attention deficient than the average child. 
Reading, spelling, and arithmetic performance levels were assessed with short 
standardised Dutch tests. 
Results 
After adjustment for confounders like socio-economic status and pre- and 
perinatal complications, children of mothers who smoked during pregnancy 
showed more signs of attention deficit and displayed higher levels of troublesome 
(externalising) behaviour than non-cigarette exposed children. Also, children of 
smoking mothers performed worse on arithmetic and spelling tasks. Excessively 
withdrawn (internalising) behaviour was not related to maternal smoking.  
Conclusion 
Perinatal antecedents of internalising behaviour on the one hand and externalising 
behaviour, attention deficit, and learning problems on the other seem to be 
distinct. Only the latter are independently associated with maternal smoking 
during pregnancy and thus potentially amenable to early preventive effort, for 
instance through continued health education emphasising the health hazards of 
nicotine use by pregnant women.    
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Introduction 
 
Smoking during pregnancy has decreased significantly in recent decades, but an  
estimated 13-34% of pregnant women still smoke daily.1-3 Most of these women 
are young, unmarried, and from low socio-economic strata.1 Smoking during 
pregnancy affects the foetus possibly because of direct toxic effects. Nicotine 
passes rapidly and completely across the placental barrier, with foetal 
concentrations generally being 15% above maternal levels.4 Besides nicotine, 
tobacco contains many other toxic substances. 

The adverse effects of maternal smoking on pregnancy outcome were first 
described by Simpson.5 Harmful effects reported since include not only perinatal 
complications like pre-term delivery and low birth weight6-9 but also more 
specific physical abnormalities in the newborn like hypertension6,10, oral clefts11, 
and abnormal lung function.12-14 Nicotine has also been found to affect brain 
development. Animal studies have demonstrated decreased cerebral blood flow 
and decreased total brain weight in foetuses exposed to nicotine.4 These findings 
may be related to the smaller head circumferences in children of smoking 
mothers.15

Prenatal exposure to nicotine may cause neurodevelopmental and 
neurobehavioural problems.4,16 Delayed intellectual development4,17-19 and 
impulsive behaviour20-26 have been reported in toddlers and older children who 
were prenatally exposed to nicotine. As regards nicotine’s effects on children's 
behaviour, the literature suggests that maternal smoking during pregnancy is 
linked with conduct and behavioural (externalising) more than with emotional 
(internalising) disorders, whilst harmful effects on boys may be more pronounced 
than on girls.26-28

Whilst the link of maternal smoking with adverse pregnancy and 
developmental outcomes may be attributable entirely to foetal exposure to 
nicotine or other toxic substances in tobacco in utero, various other possibilities 
have not been satisfactorily excluded. Thus, it remains unclear to what extent 
effects of maternal smoking are distinct from those of low social class or 
suboptimal prenatal and perinatal conditions on development.29 Moreover, little is 
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known of whether, and if so, how, paternal smoking affects risk of cognitive and 
behavioural problems in children.18

The purpose of this study is, first, to test the hypothesis that the link 
between maternal smoking and impaired cognitive and behavioural development 
in offspring cannot be accounted for entirely by effects of important confounders 
like social class, associated perinatal adversities, and paternal smoking. Secondly, 
we examine if links between maternal smoking and learning and behaviour 
problems are stronger in boys than girls. Finally, we test the hypothesis that 
effects are stronger in older than in younger children. This because it is well 
known that during preadolescence the prevalence of minor neurological 
dysfunction and behavioural- and cognitive disorders rises with increasing age.30

 
 
Methods  
 
Sample 
 
In the Groningen Perinatal Project (GPP) detailed social, prenatal, perinatal, and 
neonatal data were collected for all consecutive live singleton births (n=3162) 
from 1975 to 1978 inclusive at the University Hospital Groningen. Subsamples of 
this birth cohort were re-examined when aged between 5.5 and 11 years (mean 
7.45, SD 1.69, median 8). Children with cerebral palsy were excluded from the 
present analysis. The subsamples consisted of: 
- all children with a definitely abnormal neonatal neurological condition (n = 

133).31 
- a random sample of all children with a normal neonatal neurological 

condition (n = 300) or a mildly abnormal neonatal neurological condition (n = 
293). 31  

- all children born preterm and/or small for gestational age between January 1st 
1977 and June 30th 1978 (n = 237).32 

- all children born at term who participated in a study on the effect of 
intrauterine exposure to ritodrine (n = 232).33 
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Due to some overlap in the subsamples, the total number of children re-examined 
between age 5.5 and 11 years was 1186 (55% boys). Over 90 percent of the 
sample was white, the remainder being Indian, Moroccan or Black.  
 
 
Endpoints  
 
During the follow-up assessments parents and teachers were asked, in a 7-item 
questionnaire, to indicate whether they regarded the child in question as more, the 
same or less irritable, hyperactive, difficult to handle, headstrong, easily 
frightened, shy, and anxious than the average child. For a subsample (580 
children (49%) assessed at primary school age, i.e. > 6 years) reading, spelling, 
and arithmetic performance levels were assessed with short standardised Dutch 
tests (according to Brus-Voeten35, Mommers36 and Ojeman37, respectively). Also, 
for this subgroup, concentration (good, moderate, poor), distractibility (little, 
moderate, severe), and attention span (long, moderate, short) were assessed by 
teachers and parents. 
 
 
Predictor variables 
 
During pregnancy, a full obstetric and medical history was taken from the parents. 
Items analysed included mean numbers of cigarettes smoked by father and mother 
during pregnancy (assessed at the end of pregnancy), psychiatric disorders of the 
mother during pregnancy (1.2%), and medication (analgetic, antiepileptic, and 
antihistaminic drugs, medication used for psychiatric disorders, antibiotics, and 
corticostereoids) taken by the mother during pregnancy (21%). Also, socio-
economic status of the family (operationalised as the principal component 
(Eigenvalue 3.0, Cronbach’s alpha: 0.86) summarising the mother’s and the 
father’s vocational and educational levels, both expressed on a scale from 1 
(lowest) to 8 (highest) of father and mother), marital status of the parents (6% 
unmarried), and age of the mother (mean 25,6; range 14-42) were rated. All 
newborn infants underwent a detailed neurological examination according to 
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Prechtl.37 A list of 60 neurological items (e.g. lip reflex, tremor, position of the 
eyes) was drafted, for each of which an optimal range was defined (resp. good 
sustained response, absent or high frequency, centered most of the time). Thus, 
each child obtained a neurological optimality score, consisting of his or her 
number of items falling within the optimal range.38 Also, birthweight, placental 
weight, length of gestation, breast vs. bottlefeeding, and obstetric complications 
were recorded. Around the time of re-examination, when the child was between 
5.5 and 11 years old, psychiatric disorder of either parent (3%), family 
circumstances (15% single parent, foster parent, or orphanage), maternal smoking 
after delivery (mean number of cigarettes a day when the child was younger than 
1, 1 to 2, and 2 to 5 years old), and occurrence of infectious diseases and 
asthma/bronchitis in the period between birth and follow-up were assessed.  
 
 
Statistical analysis 
 
Principal component analysis was used to examine whether the behavioural items 
at the follow-up stage could be summarised into a smaller number of underlying 
constructs. Least squares regression was used to examine links between maternal 
smoking prior to delivery and children’s future academic achievement and 
behaviour; interaction terms were specified to examine whether these links 
differed according to whether ratings originated from teachers or parents or 
according to the nature of the subsample (see sample section) from which the 
child originated. Crude links were adjusted for risk factors that were significantly 
related to the respective outcomes.  

All possible interactions between maternal smoking and the other selected 
risk factors were checked. However, given the sheer number of tests for 
significance of interaction terms, these are reported only in case of p-values 
smaller than 0.001, in order to reduce capitalisation on chance.  

To allow mutual comparison of the regression coefficients, the dependent 
variables were transformed to scores ranging from 0 to 10, with higher scores 
indicating more behaviour or school problems. 
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Results 
 
 
Construction of behavioural endpoints; Internalisation, externalisation and 
attention deficit 
 
Three principal components accounted for the bulk of the variance of scores on 
the behavioural items (table 3.1). The first represented signs of attention deficit. 
Since parents’ and teachers’ assessments loaded on the same factor, overall 
attention deficit scores were obtained by summing the items 

The second and third principal component represented externalisation and 
internalisation respectively, and could be identified in teachers’ as well as parents’ 
ratings. 
 
Table 3.1: Factor analysis behaviour: varimax factor loadings for ten items rated by 
parents and teachers, and explained variance and Eigenvalues (EV) of the factors  

Attention Deficit Externalising Internalising  

Teachers + Parents 
            25%   
            EV 4.9 

Teachers 
10% 
EV 2.1 

Parents 
9% 
EV 1.8 

Teachers 
8% 
EV 1.5 

Parents 
6% 
EV 1.1 

Concentration 
Distractibility 
Attention span 
Irritable 
Hyperactive 
Hardto handle 
Headstrong 
Jumpy 
Shy, withdrawn 
Anxious 

0.791 
0.812 
0.783 
0.051 
0.321 
0.242 
0.049 
0.130 
-0.086 
0.153 

0.759 
0.751 
0.618 
0.069 
0.238 
0.256 
0.001 
0.055 
-0.123 
0.149 

0.013 
0.074 
0.020 
0.771 
0.653 
0.760 
0.797 
0.040 
0.106 
-0.057 

0.122 
0.190 
0.146 
0.733 
0.580 
0.662 
0.728 
-0.003 
0.003 
0.069 

0.072 
0.035 
0.128 
0.044 
-0.151 
0.143 
0.063 
0.657 
0.660 
0.790 

0.070 
0.076 
0.087 
0.033 
-0.057 
0.238 
-0.077 
0.762 
0.497 
0.746 
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Externalising and internalising scores were obtained by summing the relevant 
items for parents and teachers separately. Parents’ ratings of externalising 
behaviour were systematically higher and of internalising behaviour 
systematically lower than of teachers (figures 3.1 and 3.2). However, given 
evidence (figures 3.1 and 3.2) that the links between maternal antenatal smoking 
on the one hand and externalising and internalising behaviour on the other, did 
not differ according to the rater’s identity, scores of parents’ and teachers’ ratings 
were averaged. 
 
 
Maternal smoking and children’s behaviour   
 
Internalising behaviour was not related to maternal smoking but was associated 
with female gender, low socio-economic status, and maternal psychiatric illness 
during pregnancy. Externalising behaviour was significantly related to maternal 
smoking and there was no statistical evidence against the presence of a dose-
response relationship (Chi2 (df=3) = 3.3, p=0.347) with higher numbers of 
cigarettes smoked being associated with more problems at follow-up. Besides its 
relation with maternal smoking, externalising behaviour was linked to the child’s 
sex and age (male and younger children being more externalising), and to low 
socio-economic status. 

Attention deficit was more prevalent in children of smoking mothers and 
there was no evidence against a dose response relationship (Chi2 (df=3) = 4.8, 
p=0.187). It was also more prevalent among boys and children from lower social 
classes. Adjustment for confounders did not remove the links of maternal 
smoking with externalising behaviour and attention deficit (Table 3.2).  
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Figures 3.1 and 3.2; Number of cigarettes smoked by the mother and internalising and 
externalising behaviour of children, and interactions between these associations and 
identity of the rater:  interaction internalising F df(4) = 0.497, p = 0.73  
            interaction externalising F df(4) = 1.104, p = 0.353 
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Table 3.2: Linear regression coefficients for the associations between maternal smoking 
and behaviour problems adjusted for significant (p=<.05)  confounders / mediators; to 
allow mutual comparison of the regression coefficients, the dependent variables were 
transformed to scores ranging from 0 to 10, EV = explained variance 

Risk factor Distribution Attention 
Deficit 
 

Externalising 
 

Internalising 

Maternal 
smoking 
during 
pregnancy  
Unadjusted 

0 cig. a day   52% 
1-5                14% 
6-10              20% 
11-19              7% 
>20                 7% 

0.59  
(0.40, 0.78) 
0.000* 
EV = 7.2% 

0.24  
(0.16, 0.32) 
0.000* 
EV = 3.0% 

0.02  
(-0.05, 0.07) 
0.622  

Maternal 
smoking  
Adjusted 

 0.46  
(0.15, 0.76)a 
0.004* 
EV = 5.1% 

0.19  
(0.07, 0.32)b 
0.003* 
EV = 2.0% 

- 

a =  adjusted for maternal smoking after delivery, social economic state, civil state of the parents 
during pregnancy, psychiatric disorders and use of medication by the mother while pregnant, sex of 
the child, cara and infectious diseases in the first years of life, family circumstances and psychiatric 
disorders of one of the parents during the follow up 
b = adjusted for paternal smoking during pregnancy, maternal smoking after delivery, social 
economic state, civil state of the parents during pregnancy, age of the mother at first clinical visit, 
psychiatric disorders and use of medication by the mother while pregnant, birth weight, sex and age 
of the child, and cara and infectious diseases in the first years of life 

 
 
Maternal smoking and children’s academic performance 
 
Table 3.3 shows the crude and adjusted associations between maternal smoking 
during pregnancy and impaired mathematics, spelling, and reading abilities. After 
adjustment for significant confounders and mediators the effect of maternal 
smoking on reading performance was no longer present. Low scores on the 
reading test were related to low social economic status, male gender, a less 
optimal neonatal neurological condition, and the occurrence of infectious diseases 
early in life. 
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Table 3.3: Links between maternal smoking and school variables adjusted for significant 
(p=<.05) confounders / mediators; to allow mutual comparison of the regression 
coefficients, the dependent variables were transformed to scores ranging from 0 to 10 

Risk factor Distribution Mathematics 
 

Spelling 
 

Reading 

Maternal 
smoking 
during 
pregnancy  
Unadjusted 

0 cig. a day  52% 
1-5               14% 
6-10             20% 
11-19             7% 
>20                7% 

0.46  
(0.29, 0.63) 
0.000* 
EV = 4.7% 

0.39  
(0.26, 0.53) 
0.000* 
EV = 5.4% 

0.39  
(0.23, 0.56) 
0.000* 
EV = 3.7% 

Maternal 
smoking  
Adjusted 

 0.23 
(0.05, 0.41)a 
0.012* 
EV = 1.0% 

0.17  
(0.03, 0.31)b 
0.019* 
EV = 1.0% 

0.06c 
0.139 

a = adjusted for social economic state, civil state of the parents during pregnancy, age of the mother 
during first clinical visit, neo-neurological condition, gestation, birth weight, type of feeding, and 
age of the child during follow up 
b = adjusted for social economic state, civil state of the parents during pregnancy, age of the mother 
during first clinical visit, use of medication by the mother during pregnancy, type of feeding, sex of 
the child, and family circumstances during follow up 
c = adjusted for social economic state, age of the mother during first clinical visit, use of medication 
by the mother during pregnancy, neo-neurological condition, gestation, birthweight, type of feeding, 
infectious diseases in the first years of life, and sex of the child 

 
 
Maternal smoking was significantly linked to worse performance on the 
mathematic and spelling tests, even after adjustment for relevant risk factors. 
Likelihood Ratio tests failed to indicate evidence against dose response 
relationships (resp. Chi2 (df=3) = 4.8, p=0.187 and Chi2 (df=3) = 4.8, p=0.187). 
More problems with mathematics were also related to lower social economic 
status and single marital status of the parents during pregnancy. Besides maternal 
smoking, performance on the spelling test was linked to lower social economic 
status and male gender.   
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Interactions 
Strength of links between maternal smoking and the main endpoints, children’s 
behaviour between the ages 5.5 and 11 years, did not differ between the various 
subsamples (interaction maternal smoking * subgroup on: externalising behaviour 
t=1.68, p=0.093; attention deficit t=1.21, p=0.227; arithmetic t=0.167, p=0.167; 
spelling t=0.030, p=0.976; reading t=0.140, p=0.909). 

Although boys were more externalising and had more attention problems 
than girls the effects of smoking on behaviour did not differ significantly between 
the genders. Moreover, although externalising behaviour and attention problems 
grew less as children became older, the effects of maternal smoking did not differ 
between the younger and older children. An interaction was found between 
maternal smoking and obstetric complications like rotation disturbances or 
instrumental delivery, the link between smoking and externalising behaviour 
being stronger in case of complicated deliveries. Also, the link between maternal 
smoking and externalising behaviour was stronger in children of unmarried 
mothers. Finally, an interaction was found between maternal smoking and 
medication use: the effect of smoking on externalising behaviour was stronger 
when mothers had also used medication during pregnancy. 
 
Boys and older children had more school achievement problems, but the effects of 
maternal smoking did not differ between the gender and age groups. An 
interaction between maternal smoking and gestation was found, with children of 
smoking mothers and a relatively short gestation period performing worse on the 
spelling test. Children whose mothers smoked during ánd after pregnancy 
performed worse on the spelling and mathematics tests than others.  Also, the link 
between maternal smoking and each of the three scholastic achievement tasks was 
stronger for bottle-fed children. No other interactions were found. 
 
Attrition 
To check for attrition bias we compared maternal smoking in the sample analysed 
with that in the group, which had been lost to follow-up. Information on 
externalising behaviour was missing for 41 children but these did not differ from 
the others in terms of maternal smoking during pregnancy (4.5 vs. 4.9 cigarettes 

 
 

38



respectively, p = 0.736). Information on internalising behaviour was missing for 
34 children who also were no different from the others in terms of maternal 
smoking (5.2 vs. 4.9 cigarettes respectively, p = 0.813). 

For 615 children of primary school age (>6yr) data were available on 
their mathematics, reading, and writing abilities.  Levels of maternal smoking did 
not differ between this group and those on whom these data were not collected 
(5.0 vs. 4.8 cigarettes a day; p = 0.756). 
 
 
Discussion 
 
Strengths and limitations of the study 
 
The existence of a link between maternal smoking during pregnancy and 
cognitive and behavioural difficulties in children is well documented.16-18, 20-28, 39 
The strength of our study lies in its prospective character and its ability to control 
for many psychosocial factors linked to maternal smoking and child behaviour. 
Some methodological issues warrant discussion however.  

First, despite the adjustment for many confounders, it is conceivable that 
some other factors, not included in this study, affect both maternal smoking and 
child behaviour and school problems. For example, we were unable to control for 
maternal hyperactivity, and alcohol and caffeine use during pregnancy. Also, 
since we had no information regarding exactly when during pregnancy the 
cigarettes were consumed, we are not able to determine whether the effects found 
were trimester-specific.    

This study examined a population born at a University Hospital in 
Groningen. In 1975-78 deliveries in this hospital were more common among 
women from low socio-economic strata. Given the known link of low socio-
economic status and maternal smoking during pregnancy1 with child behaviour 
and school performance16, caution is warranted in extrapolating our results to the 
general population.   

Mothers of those 1186 children who were re-examined for this study 
smoked significantly more than mothers whose children were not (4.9 vs 4.3 
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cigarettes a day, p = 0,019). Also, our sample consisted of four distinct but 
overlapping cohorts selected according to different perinatal characteristics, like 
ritodrine use of the mother, so obstetric and neurological morbidity were 
oversampled. However, the associations between maternal smoking, and future 
child behaviour and achievement were not different between the four subgroups, 
and this would tend to support the robustness of our findings.  

Another limitation of the present study was that the presence of 
behavioral problems was assessed only with short questionnaires completed by 
parents and teachers. Psychiatric morbidity at the level of specific diagnoses was 
not an explicit focus of the study or the questionnaires. Standardized and/or 
validated assessments of child behavior and emotion, like the Child Behaviour 
Checklist, were not available in the Netherlands at the time our follow-up 
investigation was started.45 However, links were unaffected by whether parents or 
teachers had supplied the ratings. Thus, it was possible to average the data from 
the parents and teachers so that a more precise single estimate of the effect of risk 
factors could be obtained.46,47   
 Mothers were classified as smoker or non-smoker on the basis of self-
report. Underreporting cannot be excluded, although there is evidence that self-
reports of smoking status are reasonably accurate.22,48 However, íf 
misclassification occurred in this study, it is likely to be due to underreporting and 
not overreporting of cigarette use. Thus, the strength of the effect of maternal 
smoking on child behaviour is likely, if anything, to be an underestimate of the 
true association. 
 
 
Findings 
 
Parents’ ratings of externalising behaviour of their children were systematically 
higher and of internalising behaviour systematically lower than of teachers. It is 
conceivable that shy and withdrawn children feel more comfortable in the safe 
surroundings of their home than at school between all the other children and so 
indeed display less internalising behaviour at home. Externalising children 
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possibly restrain when they're at school, while they blow off their steam in the 
safe surroundings of home. 

Children of mothers who smoked during pregnancy exhibit more 
externalising and attention problems and perform worse academically than others 
and this applies irrespective of parental socio-economic status ánd medical-
obstetric problems prenatally and perinatally. The existence of such an 
independent link between smoking during pregnancy and impaired behavioural 
development in offspring is in line with previous findings21,25,39 and supports the 
first hypothesis. The factor maternal smoking in isolation explains only a small 
proportion of the overall variation of attention deficit, externalising behaviour and 
scholastic performance, because other factors - which may have been unmeasured 
in this study - may have a stronger impact due to a higher prevalence. However, 
significance and size of the regression coefficients for maternal smoking suggest 
sizeable effects. 

It has been suggested that the link between maternal smoking during 
pregnancy and externalising behaviour applies to males only.26 In the present 
analysis effects of maternal smoking were similar for both genders, even though 
externalising behaviour was more prevalent among boys. The hypothesis that 
effects of maternal smoking on externalising behaviour of the child are stronger in 
older than in younger children, was also not supported.  

Consistent with the literature40, at primary school age, girls performed 
better scholastically than boys.  A strong link existed between maternal smoking 
and performance on the achievement tests, which applied equally to both genders, 
and to younger and older children.  

Paternal smoking did not add to the effects of maternal smoking during 
pregnancy on child behaviour and achievement. So our data did not support 
animal experiments suggesting that passive smoking before birth is more harmful 
than after delivery.41 However, we did find an interaction between maternal 
smoking during and after pregnancy with children exposed before as well as after 
birth performing worst on school tasks, children exposed to smoking either before 
or after delivery, intermediate, and children exposed to no smoking at all, best.   

Several biological mechanisms may account for the association between 
maternal cigarette smoking and externalising behaviour, including foetal hypoxia, 
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changes in dopaminergic systems, changes in serotonin uptake, and changes in 
DNA synthesis in the foetal brain due to exposure to nicotine.24,26 Pre- and 
perinatal stress also can subtly alter serotonergic and noradrenergic activity in the 
cerebral cortex and dopaminergic activity in the striatum and prefrontal cortex.42 
Thus it could be surmised that stressful situations during early life, such as a 
complicated delivery or preterm birth, might enhance the effects of maternal 
smoking during pregnancy. Animal studies have shown that nicotine administered 
to pregnant animals leads to behavioural effects in their offspring, comparable to 
human externalising types of behaviour.43 Previous research in humans indicates 
that maternal active smoking is associated with increased motor activity of 
children.19 Also, a strong correlation has been found between minor motor 
dysfunction and ADHD (attention deficit hyperactive disorder) and aggressive 
behaviour.44 Thus, maternal smoking might affect specific regions in the brain, 
which are related to the development of externalising disorders.   
 
 
Conclusion   
 
This study’s findings add to the growing evidence suggesting causal links 
between maternal smoking and increased rates of externalising behaviour and 
school problems in offspring. In contrast, internalising problems were not related 
to smoking behaviour of the mother. Internalising and externalising behavioural 
styles can be recognised as early as in the third year of life and are known to 
predict depression and antisocial behaviour respectively later on.49 Our study 
suggests that these behavioural styles also have different prenatal and perinatal 
antecedents. Externalising behaviours, attention problems, and academic 
underachievement are independently linked to maternal smoking during 
pregnancy. Maternal smoking after the child’s birth increased the risk of academic 
underachievement. Thus, externalising behaviours, attention problems, and 
learning problems may be amenable to early preventive effort like continued 
health education emphasising the health hazards of nicotine use by pregnant 
women and mothers.   
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Harmful effects of maternal smoking during pregnancy on cognitive development 
of the child have been shown1, as have beneficial effects of breastfeeding2. We 
examined whether adverse effects of maternal smoking can be modified by 
breastfeeding. 
 
Participants, methods, and results 
The Perinatal Project Groningen (PPG) is a cohort of 3162 singleton infants born 
in the University Hospital Groningen in 1975-1978. Perinatally, detailed socio-
demographic, obstetric, and neonatal data were collected, including the average 
number of cigarettes smoked daily by the mother during pregnancy. For this study 
we focused on those children (n = 570) whose reading, spelling, and arithmetic 
performance was tested around their 9th birthday using short standardised Dutch 
tests. For sample and test characteristics see Hadders-Algra et al. 19883. The 
mothers of the 570 children examined at nine years breastfed their children less 
often than the mothers whose children were not followed up (28.7% vs. 33%; 
Chi2 (2) = 10.56, p = 0.005) and they smoked more (4.9 vs. 4.4 cigarettes a day; t 
= -1.73, p = 0.094). However, our comparisons are valid within the study sample, 
and unless the links between feeding method, maternal smoking, and performance 
of the child differ between this sample and others – which is unlikely -, also have 
wider implications.  
 
Type of feeding was assessed on discharge from hospital following delivery 
(1975-78), and, retrospectively, as reported by the mothers, when their children 
were 9 (19932) and 25 (2000) years old. The three assessments corresponded 
highly  (Cohen’s kappa respectively 0.95, 0.88, and 0,86), which concurs with 
previous findings that long-term recall of breastfeeding practices is reliable2. We 
used the 1993 data because these were most complete (0% missing and 1% (7) 
excluded because mothers had difficulty recalling the information). Children that 
were breast-fed for 1 or 2 weeks only (n=16) or received both breast and formula 
milk (n = 10) were excluded in order to maximize differences between the breast- 
and bottle-fed groups. 
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Likelihood ratio (LR) tests indicated highly significant interactions between the 
effects of maternal smoking and breastfeeding on reading (χP

2
P =24.1; df=3; 

p<0.001) spelling (χP

2
P =35.6; df=3; p<0.001) and arithmetic performance (χP

2
P 

=32.0; df=3; p<0.001), as analysed in least squares regression models.  
 
Significant negative links between maternal smoking and scholastic performance 
existed only in children that had been bottle-fed (n = 388). LR-tests against 
linearity were non-significant so that a dose-response effect can be assumed. It 
persisted after adjustment for other risk factors that were linked to the separate 
cognitive performance outcomes (see Table 4.1) including the child’s gender 
(55% male), parental marital state during pregnancy (7% unmarried), and socio-
economic status (SES). SES was operationalised as the principal component 
(Eigenvalue 3.03, Cronbach's alpha: 0.86) summarising mother's and father's 
vocational and educational levels. Also examined but unrelated to the dependent 
variables and therefore not adjusted for were: paternal smoking, maternal age, 
parental psychiatric history, length of gestation, obstetric complications (e.g. 
instrumental delivery, rotation disturbances), birth-weight, birth order, family 
size, and family circumstances (traditional two parent family versus others). 
 
Comment 
Our results indicate that negative effects of maternal smoking on children's 
cognitive performance were limited to those who had not been breastfed. 
Roughly, there are three explanations for these findings. 
 
First, women who breastfeed their child may differ from women who do not on 
factors related to the child’s school performance. Although we controlled for 
important sociodemographic variables, it remains possible that some other factors 
not included in our study, like maternal IQ or parenting skillsP

4
P, are related to 

maternal smoking and feeding practices as well as to the child’s school 
performance. 
 
 



Table 4.1; Adjusted regression coefficients for the relationships between maternal 
smoking during pregnancy and school performance in respectively breastfed and bottle-
fed children, 95% confidence intervals (between brackets) and p-values (* = significant at 
0.05 level) 

Reading Spelling Arithmetic  

More than 3 weeks breastfeeding (N=156) 

Number of 
cigarettes smoked 
daily 
0                60.0% 
1-5             13.3% 
6-10           21.3% 
>10              5.3% 

 
crude link: 
-0.16   

(-0.55, 0.22) 
p = 0.164 
adjusted: 
0.09a   

(-0.27, 0.45) 
0.268 

 
Crude link: 
-0.16  

(-0.50, 0.19) 
p = 0.626 
adjusted: 
0.04a  

(-0.29, 0.37) 
0.607 

 
crude link: 
-0.14  

(-0.57, 0.29) 
p = 0.516 
adjusted: 
0.03b  

(-0.37, 0.43) 
0.696 

 Bottle-feeding (N=388)  
Number of 
cigarettes smoked 
daily 
0               46.8%   
1-5            15.0% 
6-10          20.2% 
>10           18.0% 

 
crude link: 
-0.51  

(-0.74, -0.28) 
p < 0.001* 
adjusted: 
-0.22a  

(-0.43, -0.02) 
0.032* 

 
crude link: 
-0.50   

(-0.69, -0.32) 
p < 0.001* 
adjusted: 
-0.26a  

(-0.42, -0.09) 
0.002* 

 
crude link: 
-0.52  
(-0.75, -0.30) 
p < 0.001* 
adjusted: 
-0.26b  
(-0.46, -0.06) 
.012* 

a = adjusted for significant confounders: social economic state and sex of the child 
b = adjusted for significant confounders: social economic state and civil state of the 
parents  
 
 
Second, psychological aspects of breastfeeding may play a role, but their relative 
importance remains unclear. Biological rather than psychosocial aspects of 
breastfeeding may affect cognitive development: it has been reported that 8-year-
old children, who were born pre-term and were fed breast milk by nasogastric 
tube, had an 8 point advantage in IQ over those fed on formula milk5. 
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So thirdly, features of breast-milk itself, like high concentrations of long chain 
polyunsaturated fatty acids or maternal hormones2, 4, 5, may have positive effects 
on early brain development, and counteract the harmful effect of maternal 
smoking during pregnancy on the foetus. This notion has important practical 
implications, especially for nicotine addicted future mothers. Apart from helping 
these mothers to quit or diminish their tobacco consumption, they should be 
encouraged to breastfeed. 
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Abstract 
 
Objective 
The aim of the study was to evaluate whether in pre-adolescent children specific 
types of minor neurological dysfunction (MND) are related to specific types of 
learning and behavioural problems, and whether it is the type or the severity of 
neurological dysfunction that matters most. 
Method 
1186 5.5-11 year old children were examined for the presence of clusters of signs 
of MND. Parents and teachers completed brief behaviour rating scales. In school-
aged children (n=580) cognitive achievement was assessed using standardized 
Dutch tests. Least squares regression was used to examine neuro-behavioural and 
neuro-cognitive links.  
Results 
Children with more MND clusters performed worse scholastically and had more 
signs of attention deficit than others. Externalising and internalising behaviour 
were only linked to specific forms of MND. 
Conclusion 
Evaluation of the neurological condition of the child with learning - and 
behavioural problems offers insight into the aetiology and pathogenesis of these 
problems.  
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Introduction 
 
Since many years it is acknowledged that children with neurological ‘soft signs’ 
or minor neurological dysfunction are at risk of developing behavioural and 
learning problems.1-4 Yet, little is known on the specificity of the relationship 
between minor neurological dysfunction (MND) and behavioural and learning 
difficulties in pre-adolescent children without evident neurological disorders. Is it 
the mere presence, the severity, or the specific type of MND that matters?  

Hadders-Algra et al.5, who studied a group of 568 9-year-olds, concluded 
that it was not only the presence or absence of MND, but also its severity, as 
indicated by the number of dysfunctions, that mattered. Essential in their analyses 
was the grouping of signs of MND into functional clusters (Table 1). They 
concluded that in essence two forms of MND could be distinguished: MND-1, 
denoting the presence of one or two clusters of dysfunction, and MND-2, 
characterized by the presence of three MND-clusters or more. MND-1 was only 
weakly related to pre- and perinatal adversities and associated with only a mild 
increase in learning and behavioural problems. In contrast, MND-2, which turned 
out to have firm pre- and perinatal antecedents, was associated with a high risk for 
learning and behavioural disorders.5,6   

Various studies2,5,7-9 reported that attention deficit with or without 
hyperactivity and learning problems - arithmetic in particular - are more strongly 
related to the presence and severity of MND than emotional problems are. Studies 
on the relationship between developmental coordination disorder (DCD) and 
behavioural problems however have been more heterogeneous in outcome, either 
reporting a specific relationship between DCD and attention problems10, or 
between DCD and internalising behaviour.11

Studies on adolescents indicate that specific links exist between separate 
neurological problems and different types of behavioural - and learning problems. 
For example, the risk for learning and behaviour difficulties is much higher in the 
presence of coordination problems or fine manipulative disability, than mild 
dysregulation of muscle tone or choreiform dyskinesia.9,12 However - as far as we 
know - no studies exist on the relation between specific types of MND and 
specific behavioural and learning problems in pre-adolescent children. 
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The aim of the present study is to evaluate whether in pre-adolescent children 
without frank neurological pathology specific types of MND are related to 
specific types of learning- and behavioural problems. Specific questions 
addressed are: 1) Are particular clusters of MND related to specific forms of 
learning- or behavioural problems? 2) If so, is the quality of neurological 
dysfunction (expressed in type of the dysfunctional cluster) more strongly related 
to learning- and behavioural problems, than the quantity (expressed as the number 
of clusters of MND)? 3) Do neurobehavioural and neurocognitive relationships 
differ between boys and girls and between younger and older children? 

  
 
Material and methods 
 
Subjects 
 
The data are part of the Groningen Perinatal Project (GPP), a birth cohort 
(n=3162; 1975-78) with detailed social, perinatal, and neonatal data and, for 
subsamples, follow-up data on childhood neurology, behaviour, cognitive 
performance and home situation. The subsamples were re-examined when aged 
between 5.5 and 11 years. These data were used for the present analysis. The data 
were not analyzed earlier as the data-files had been unavailable for many years 
due to changes in computer systems, i.e. the old files stored on the central 
university main frame had to be changed into files which could be read by 
personal computers. In the present study children with cerebral palsy (CP) and 
epilepsy were excluded. The diagnosis CP was based on the presence of major 
neurological dysfunction, such as spasticity or a stereotyped posture and motility, 
resulting in disability and/or social limitation.  
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The subsamples consisted of: 
- all children with a definitely abnormal neonatal neurological condition (n = 

133)6 
- a random sample of all children with a normal neonatal neurological 

condition (n = 300) or a mildly abnormal neonatal neurological condition (n = 
293)6 

- all children born preterm and/or small for gestational age between January 1st 
1977 and June 30th 1978 (n = 237)13 

- all children born at term who participated in a study on the effect of 
intrauterine exposure to ritodrine (n = 232). Ritodrine did not affect 
neurobehavioural development.14 

Attrition in the various subsamples varied from 0-7%. Due to some overlap in the 
subsamples, the total number of children re-examined between age 5.5 and 11 
years was 1186 (55% boys, 45% girls).  Over 90 percent of the sample was white 
and the remainder was Indian, Moroccan, or Black African.  
 

Measures 

 
The re-assessment consisted of a detailed neurological examination according to 
Touwen15 focusing on the presence of minor neurological dysfunction. The person 
carrying out the neurological examination was unaware of the child’s perinatal 
history and its behavioural development and school performance. The signs of 
MND were divided into six clusters (Table 5.1). The presence or absence of 
dysfunction in these clusters can be rated with substantial interobserver 
agreement.16  
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Table 5.1: Functional clusters of MND, based on the neurological examination of 
Touwen15, adapted from Hadders-Algra et al.6 The clusters were developed on the basis of 
clinical knowledge.15

Cluster Based on Criteria for dysfunction 
1. Dysfunctional muscle tone      
regulation 

Muscle tone 
Posture during lying, sitting, 
standing, and walking 

One or more of the following: 
- consistent mild deviations 

in muscle tone 
- consistent mild deviations 

in posture 
 
2. Reflex abnormalities 

 
Abnormal intensity and/or 
threshold or asymmetry in: 

- biceps reflex 
       - knee jerk 

- ankle jerk 
Footsole respons: uni- or 
bilateral babinski sign 

 
Presence of at least two signs 

 
3. Choreiform dyskinesia 

 
- Spontaneous motor 

behaviour 
- Test with extended arms 
- Face, eyes, tongue 

 
Presence of at least one of the 
following: 
- Marked choreiform 

movements of distal and 
facial muscles 

- Slight or marked 
choreiform movements of 
proximal muscles, eyes or 
tongue 

 
4. Coordination problems 

 
- Finger-nose test 
- Fingertip-touching test 
- Diadochokinesis 
- Kicking 
- Knee-heel test 
- Reaction to push (sitting, 

standing) 
- Romberg 
- Tandem gait 
- Standing on one leg 

 
Presence of age-inadequate 
performance on at least two 
tests 

 
5. Fine manipulative disability 

 
Finger-opposition test: 

- smoothness 
- transition 

Follow-a-finger test 
Circle test 

 
Presence of age-inadequate 
performance on at least two 
tests 

 
6. Rarely occurring 
miscellaneous dysfunctions 

 
- Motor behaviour of face, 

eyes, pharynx, tongue 
- Associated movements 

during diadochokinesis, 
finger-opposition test, 
walking on toes or heels 

 
Evidence of at least one of the 
following: 
- mild cranial nerve palsy 
- excessive amount of 

associated movements (for 
age) 
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Parents and teachers were asked to indicate, on a 7-item questionnaire, whether 
they regarded the child in question as more, the same or less irritable, 
hyperactive, difficult to handle, headstrong, easily frightened, shy, and anxious 
than the average child. No data could be obtained from 0.3% of the parents and 
7.2% of the teachers. For a subsample of 580 children who were in primary 
school (i.e. >6 years), reading, spelling, and arithmetic were assessed with short 
standardized Dutch tests.17-19 Reading was assessed by counting the number of 
test-words the child could read aloud correctly within one minute.17 Similarly, 
arithmetic was evaluated by counting the number of standard-problems the child 
could solve correctly within three minutes.18 Spelling was tested by assessing how 
many dictated words out of a standard list of 50 words could be written correctly19 
Also, for this subgroup, concentration (good, moderate, poor), distractibility 
(little, moderate, severe), and attention span (long, moderate, short) were assessed 
by teachers and parents.  
  
 
Data Analysis 
 
Principal component analysis was used to examine whether the behavioural items 
at follow-up could be summarized into a smaller number of underlying constructs. 
Least squares regression was used to examine links between neurological clusters 
and children’s academic achievement and their behaviour. Interaction terms 
between identity of the rater (parent or teacher) and neurological clusters (type 
and count) were checked to examine if rated behaviour differed between teachers 
and parents, or according to the nature of the subsample (see sample section) from 
which the child originated. Further, interaction terms were specified between 
neurological clusters (type ánd count) on the one hand and gender and age of the 
child on the other. In the multivariate models main effects were included in case 
of p-values smaller than 5%. Given the number of possible interaction effects, 
interaction terms were included only if p-values were smaller than 0.001, so as to 
reduce the chance of type 1 error. 

Crude links were adjusted for sex and age in years of the child, age of the 
mother, presence of mental retardation or neurological disorders in first degree 
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relatives, psychiatric disorders in either parent, family circumstances (one parent 
or foster parent families, orphanage, or “normal” family), and socio-economic 
status (SES). SES was operationalised as the principal component (Eigenvalue 
3.03, Cronbach’s alpha: 0.86) summarizing mother’s and father’s vocational and 
educational levels, both expressed on a scale from 1 (lowest) to 8 (highest).  

To allow mutual comparison of the regression coefficients, all dependent 
variables were transformed to scores ranging from 0 to 10, and the independent 
variables to scores ranging from 0 to 1.  
 
 
Results 
 
Prevalence of MND 
 
The most frequently occurring dysfunction was the presence of abnormal reflexes, 
being present in 165 (14%) of the children. 156 children (13%) exhibited mild 
abnormalities in fine manipulative ability, 120 (10%) had a mild dysfunction in 
muscle tone regulation, another 115 (10%) choreiform dyskinesia, 97 (8%) had 
coordination problems, 75 (6%) showed a mild dysfunction of a cranial nerve and 
63 (5%) had excess associated movements.  257 (38%) children had one or more 
deviant clusters. 
 
Behavioural endpoints 
 
Three principal components accounted for the bulk of the variance of scores on 
the behavioural items (table 5.2). The first represented signs of attention deficit. 
Since parents’ and teachers’ assessments loaded on the same factor, attention 
deficit scores were obtained by summing the relevant items of mothers and 
teachers. The second and third component represented externalisation and 
internalisation respectively, and were present in teachers' as well as mothers' 
ratings.  
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Table 5.2: Factor analysis behaviour: varimax factor loadings for ten items rated by 
mothers and teachers, and explained variance and Eigenvalues (EV) of the factors  

Attention Deficit Externalising Internalising  

Teachers + Mothers 
            25% 
            EV 4.9 

Teachers 
10% 
EV 2.1 

Mothers 
9% 
EV 1.8 

Teachers 
8% 
EV 1.5 

Mothers 
6% 
EV 1.1 

Concentration 
Distractibility 
Attention span 
Irritable 
Hyperactive 
Hard to handle 
Headstrong 
Jumpy 
Shy, withdrawn 
Anxious 

0.791 
0.812 
0.783 
0.051 
0.321 
0.242 
0.049 
0.130 
-0.086 
0.153 

0.759 
0.751 
0.618 
0.069 
0.238 
0.256 
0.001 
0.055 
-0.123 
0.149 

0.013 
0.074 
0.020 
0.771 
0.653 
0.760 
0.797 
0.040 
0.106 
-0.057 

0.122 
0.190 
0.146 
0.733 
0.580 
0.662 
0.728 
-0.003 
0.003 
0.069 

0.072 
0.035 
0.128 
0.044 
-0.151 
0.143 
0.063 
0.657 
0.660 
0.790 

0.070 
0.076 
0.087 
0.033 
-0.057 
0.238 
-0.077 
0.762 
0.497 
0.746 

 
 
Rater-specific scores for externalisation and internalisation were obtained by 
summing the relevant items for mothers and teachers separately. As the links 
between specific neurological clusters and the number of deviant clusters on the 
one hand and externalising and internalising behaviour on the other, did nót differ 
according to the rater's identity (all p-values being > 0.001), scores of mothers' 
and teachers' ratings were averaged.  
 
Neurology and behaviour 
 
Table 5.3 shows the adjusted regression coefficients for the associations between 
neurological clusters (type and number) and behaviour problems. Signs of 
attention deficit were strongly related to the number of deviant clusters, but also 
to specific neurological dysfunctions, like problems in fine manipulative ability, 
choreiform movements and, to a lesser extent, coordination problems. 
Externalising and internalising behaviours were not related to the number of 
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neurological dysfunctions. However, significant positive associations were found 
of problems in fine manipulative ability with internalising behaviour, and of 
coordination problems and choreiform dyskinesia with externalising behaviour. 
Neuro-behavioural relationships applied equally well in the four subsamples 
described in the sample section. 
 
Table 5.3: Adjusted regression coefficients for the associations between neurology and 
behaviour, confidence intervals (between brackets), and p-values (* = significant). To 
allow mutual comparison of the regression coefficients, all dependent variables were 
transformed to scores ranging from 0 to 10, and the independent variables to scores 
ranging from 0 to 1 
Clusters: 
 

Attention Deficit 
(teacher + parent) 

Externalising 
(teacher+parent) 

Internalising 
(teacher+parent) 

 
Dysfunctional 
muscle tone 
regulation 

 
0.071 
0.106 

 
0.003 
0.919 

 
-0.001 
0.968 

 
Reflex 
abnormalities 
 

 
-0.017 
0.688 

 
-0.056 
0.058 

 
-0.005 
0.883 

 
Coordination 
problems 

 
0.96 (0.12, 1.80) 
0.026* 

 
0.53 (0.14, 0.92) 
0.008* 

 
0.05 
0.140 

 
Fine manipulative 
disability 

 
1.36 (0.64, 2.07) 
0.000* 

 
0.05 
0.093 

 
0.30 (0.08, 0.54) 
0.010* 

 
Choreiform 
movements 
 

 
1.13 (0.44, 1.83) 
0.001* 

 
0.38 (0.02, 0.74) 
0.038* 

 
0.032 
0.300 

 
Rarely occurring 
miscellaneous 
dysfunctions 
 

 
0.054 
0.212 

 
0.006 
0.851 

 
-0.017 
0.581 

 
Total number of 
deviant clusters 

 
2.54 (1.14, 3.94) 
0.000* 

 
0.05 
0.139 

 
0.04 
0.249 

Adjusted for: sex and age of the child during examination, age of the mother, social 
economic status, intellectual or neurological disorders in the family, psychiatric disorders 
of one of the parents, family circumstances, and number of children in the family 
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Neurology and school achievement  
 
Table 5.4 shows the adjusted regression coefficients for the relationships between 
neurological clusters and mathematics, spelling, and reading abilities.  
 
Table 5.4: Adjusted regression coefficients for the relationships between neurology and 
school performance, confidence intervals (between brackets), and p-values (* = 
significant). To allow mutual comparison of the regression coefficients, all dependent 
variables were transformed to scores ranging from 0 to 10, and the independent variables 
to scores ranging from 0 to 1 
Clusters: 
 

Mathematics Reading Spelling 

 
Dysfunctional muscle tone 
regulation 

 
1.14  
(0.43, 1.85) 
0.002* 

 
1.01  
(0.34, 1.69) 
0.003* 

 
0.85  
(0.29, 1.42) 
0.003* 

 
Reflex abnormalities 
 

 
0.05 
0.233 

 
0.07 
0.080 

 
0.03 
0.398 

 
Coordination problems 

 
1.26  
(0.51, 2.01) 
0.001* 

 
0.79  
(0.07, 1.51) 
0.031* 

 
0.94  
(0.34, 1.54) 
0.002* 

 
Fine manipulative disability 

 
1.37  
(0.73, 2.00) 
0.000* 

 
1.54  
(0.94, 2.14) 
0.000* 

 
1.22  
(0.71, 1.73) 
0.000* 

 
Choreiform movements 
 

 
0.90  
(0.29, 1.51) 
0.004* 

 
0.65  
(0.065, 1.24) 
0.030* 

 
0.77  
(0.29, 1.28) 
0.002* 

 
Rarely occurring 
miscellanuous dysfunctions 
 

 
0.05 
0.200 

 
0.05 
0.167 

 
0.86  
(0.14, 1.57) 
0.020* 
 

 
Total number of deviant 
clusters 

 
3.09  
(1.87, 4.32) 
0.000* 

 
2.80  
(1.62, 3.97) 
0.000* 

 
2.59  
(1.61, 3.57) 
0.000* 

Adjusted for sex and age of the child, age of the mother, social economic status, 
intellectual or neurological disorders in the family, psychiatric disorders of one of the 
parents, family circumstances, and number of children in the family 
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Four of the six functional clusters were related to all three achievement variables, 
with fine manipulative disability being correlated most strongly with scholastic 
achievement. Reflex abnormalities were unrelated to cognitive abilities. Rarely 
occurring miscellaneous dysfunctions were only associated with impaired spelling 
performance. Correlations between the number of deviant neurological clusters 
and poor cognitive performance were considerably higher than those between 
specific types of dysfunction and scholastic performances (Table 5.4). Like neuro-
behavioural relationships, neuro-cognitive links applied equally well in the four 
subsamples described in the sample section. It could be argued that the 
relationships between MND and scholastic problems reflect an association 
between neurological condition and a mild form of mental retardation. Therefore 
we reanalysed the data while excluding from the analyses the children who scored 
below the 10th percentile on the three tests of spelling, reading and mathematics (n 
= 34). The exclusion of these children who could be considered to have a mild 
form of mental retardation did not change the associations between neurology and 
school performances.  

 
Effects of sex and age 
 
Boys exhibited externalising behaviour and signs of attention deficit more often 
than girls and had more problems with spelling and reading than girls (figure 5.1). 
Girls tended to display more internalising behaviour than boys. Yet, gender did 
not modify the neurobehavioural and neurocognitive relationships described 
above. 

Younger children had more externalising problems and fewer problems 
with mathematics than older children (figure 5.2). In older children dysfunctional 
muscle tone regulation was more strongly related to poor achievement on the 
reading, spelling and arithmetic tasks than in the younger (interactions with 95% 
confidence intervals respectively -0.19 (-0.26, -0.11), -0.15 (-0.21, -0.09), and -
0.19 (-0.26, -0.11), all p-values <0.001). 
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Discussion 
 
This study suggests that in pre-adolescence specific forms of MND are related to 
specific types of behavioural and learning problems and that these associations 
are not affected by gender and relatively little by age. In addition, the study 
indicates that learning difficulties and signs of attention deficit are more strongly 
related to the total number of dysfunctions than to specific types of MND, while 
externalising and internalising problems are not related to the quantity of 
neurological dysfunctions, but only to specific types of MND. 
 
 
Strengths and limitations of the study  
 
The study dealt with a population born at a University Hospital in Groningen. 
This implies that, compared to the general population, obstetric morbidity is 
overrepresented.20 In the sub-cohort studied, obstetric and neurologic morbidity 
were oversampled, which can be considered an advantage for a study  on neuro-
behavioural and neuro-cognitive relationships. The finding that neuro-behavioural 
and neuro-cognitive relationships applied equally well in the four subsamples, 
suggests that these relationships may also obtain in the general population.  

 It is possible of course, that neuro-behavioural and neuro-cognitive 
relationships within a population of children referred to a child psychiatric clinic 
differ from the ones reported in the present study.  In fact, very few of the 
children in the present study (3.0%) had been referred for psychiatric help. The 
low rate of referrals is in line with the epidemiological findings of Verhulst and 
Althaus21, and reflects the high threshold in the Netherlands during the eighties to 
seek advice from professionals in child psychiatric care.  

Another limitation of the present study was that the presence of 
behavioural and attention problems was assessed only with short questionnaires, 
completed by parents and teachers. Attention deficit was assessed with only three 
items, while according to DSM-IV there should be six out of nine symptoms to 
fulfil the criteria for attention deficit.22 Psychiatric morbidity at the level of 
specific diagnoses was not an explicit focus of the study or the questionnaires. 
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Standardized and/or validated assessments of child behaviour and emotion, like 
the CBCL, were not available in the Netherlands at the time our follow-up 
investigation was started.21 Further research with validated instruments for the 
assessment of behavioural problems including attention deficit is warranted to 
verify the relationships between MND and behavioural problems reported in the 
present study. 
 
The strength of our study lies in its ability to control for many parental and 
psychosocial factors linked to neurological, behavioural, and learning problems of 
children. Attrition was limited, as only 7.2% of the teachers' and 0.3% of the 
parents' scoring were missing. Neuro-behavioural relationships were unaffected 
by whether parents or teachers had supplied the ratings. Thus, it was possible to 
average the data from the parents and teachers, which yields a more precise single 
estimate of the effect of the neurological risk factors.23,24 Another strength of the 
study is that the entire sample was blindly assessed with Touwen’s standardised 
neurological examination15, giving a comprehensive neurological profile of the 
children in terms of MND.   

We adjusted for many confounders, but it cannot be excluded that some 
other factors, not included in our study, affect both neurological problems and 
behaviour and/or learning problems. 
 
 
Clinical implications  
 
The present study confirms findings of others that attention problems are more 
strongly related to neurological dysfunction than other behavioural problems. 2,5,7,9 
What our study adds is that, although overall associations do not exist between 
MND and troublesome (externalising) and timid (internalising) behaviour8, 
associations of these behaviours are present with specific types of neurological 
dysfunctions. 
  The neurological make-up of children with externalising behaviour 
appears different from that of children with internalising behaviour. Externalising 
behaviour was related in particular to coordination problems and choreiform 
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dyskinesia. Both forms of neurological dysfunction point to problems in 
subcortical brain regions: dysfunctional coordination suggests dysfunction in the 
cerebellum and choreiform dyskinesia dysfunction in the basal ganglia.25 These 
subcortical systems play an important role in the fine-tuning of motor behaviour. 
They may also play a role in the modulation of social behaviour.26-28 This notion 
is supported by recent findings16 indicating that children who exhibit mildly 
abnormal general movements (GMs) in early infancy are at risk of developing 
aggressive behaviour and attention problems. Mildly abnormal GMs may reflect 
dysfunctional monoaminergic circuitries.29

Internalising behaviour was associated with fine manipulative disability. 
The tests of fine manipulative ability focused on the ability to generate complex 
motor sequences, in which frontal cortical areas are thought to play a role. Rather 
than explaining the association between fine manipulative dysfunction and 
internalising behaviour directly in terms of the pathophysiological mechanisms in 
which the frontal lobes play a role, we prefer a social explanation. The association 
may reflect the child’s behaviour in response to the attitude of parents and peers 
towards the child’s clumsy fine motor behaviour.11,30

  Signs of attention deficit were related in particular to the number of 
neurological dysfunctions. Nevertheless, it was clear that some neurological 
dysfunctions contributed more to this relationship than others. Attention deficit 
correlated especially with fine manipulative disability and choreiform dyskinesia 
and, to a lesser extent, with coordination problems. This fits in with recent neuro-
imaging studies reporting that the frontal cortices and basal ganglia, especially the 
caudate nucleus, of children with attention problems are smaller and functionally 
less active than those of children without attention problems.31-33 In addition, there 
is some indication that the cerebellar vermis of children with attention problems is 
smaller than that of control children.34

  The finding that signs of attention deficit relate in a different way to 
neurological dysfunction than externalising behaviour - the behavioural factor on 
which hyperactivity loaded - is in concordance with DSM-IV which describes 
three subtypes of Attention Deficit Hyperactivity Disorder (ADHD): one in which 
attention problems dominate, one in which hyperactivity is the most prominent 
feature, and a combined type including both hyperactivity and attention 
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deficit.22,35 Calling into mind the finding of Hadders-Algra et al.6 that the presence 
of a relatively high number of neurological dysfunctions was strongly related to 
pre- and perinatal adversities, our finding that signs of attention deficit are 
robustly linked to the number of neurological dysfunctions, whilst this does not 
hold for externalising behaviour, might indicate that pre- or perinatally acquired 
brain damage plays a role in the development of the former but not of the latter. 
This does not imply that attention problems are always the result of pre- or 
perinatally acquired brain damage. Most likely this is the case in only a part of 
children with attention deficit disorder. In other children the development of 
attention problems is probably attributable to genetic factors resulting in a 
different set of the dopaminergic circuitries36, or by stress in early life, like 
intrauterine growth retardation.5,6

  In the neuro-cognitive relationships the quantity of neurological 
dysfunction played a more important role than the quality of dysfunction. Similar 
findings have been reported before in populations of children with manifest brain 
lesions, like those with cerebral palsy or epilepsy37 or those who acquired a severe 
head injury during childhood.38 These studies indicated that severe lesions of the 
brain give rise to an aspecific reduction in cognitive abilities. The quantitative 
relationship between neurological dysfunction and cognitive disability in the 
present study might imply that pre- and perinatal adversities play an important 
role in the genesis of learning problems.5,6 Of the single specific neurological 
dysfunctions, fine manipulative disability was most strongly related to learning 
problems. Our findings fit with the idea that cognitive abilities require activity in 
complex circuitries, such as the cortico-striato-thalamo-cortical and cerebello-
thalamo-cortical pathways.39,40            

In the present study the Touwen examination was used to assess the 
presence of MND. The age-specific Touwen assessment can be accomplished in 
about 30 minutes. It provides qualitative information on the condition of the 
nervous system, which - as the present study underlines - is very useful for child 
psychiatrists.  It should be realized that MND is not identical to developmental 
coordination disorder (DCD). DCD in general refers to children with a normal 
intelligence that have poor motor coordination without evidence of frank 
neurological pathology like cerebral palsy or muscular dystrophy. The motor 
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problems of children with DCD are so serious that they affect daily activities at 
home and at school.22 MND and DCD are strongly related, with especially the 
children having MND-2 exhibiting DCD.41 However, the clinical label DCD does 
not provide information on the make-up of the nervous system.      

  In general, prepubescent males are considered to be more 
vulnerable for neuropsychiatric disorders than girls, as rates of MND, 
ADHD, conduct disorders and autism are higher among the former than the 
latter.6,42 This study's finding that the neurobehavioural and neurocognitive 
relationships were not affected by gender, suggests that the higher 
psychiatric morbidity in males can be attributed especially to a higher 
vulnerability of the neural hard-ware – a vulnerability reflected by the 
higher prevalence of MND in boys - and not to a higher vulnerability of the 
male brain with or without neurological dysfunction for adverse social 
conditions. 
 Neuro-behavioural and neuro-cognitive relationships were affected little by 
age. Neuro-cognitive relationships in particular might have been expected to 
become more pronounced with advancing age, as the development of cognitive 
abilities involves the expression of increasingly complex neural functions. This 
was observed only for the relation between dysfunctional muscle tone regulation, 
a non-focal sign of supraspinal dysfunction, and cognitive performance.     
 
Conclusion 
Learning problems in pre-adolescent children are the result of a rather diffuse 
dysfunction of the human brain: if more parts of the cortical and subcortical 
circuitries are affected, learning problems are more severe. This holds for reading, 
spelling ánd mathematics and is relatively independent of the specific types of 
neurological signs present. On the other hand, the findings suggest that 
behavioural problems are related to more specific neurological signs suggesting a 
more localized nature of the damage, and, possibly, more specific antecedents. 
This finding has important implications for the understanding of the pathogenesis 
of behavioural problems and for prevention and intervention.    
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Abstract 
 
Background 
Pregnancy and delivery are complex processes, and isolated obstetric 
complications rare and often accompanied or followed by a number of others. 
Aims 
To study the relationship between the overall obstetric situation (as opposed to 
single obstetric risk factors) and emotional and substance use disorders in young 
adulthood, and to analyse whether these links are mediated by temperaments in 
childhood. 
Study design 
In a prospective birth cohort (n = 3162), questionnaires were sent to mothers and 
teachers when the child was 7-10 years old, and to the children when they were 
20-25 years old.  
Subjects 
682 cohort members with complete data sets at three ages (perinatal, childhood, 
and young adulthood). 
Outcome measures 
Emotional problems and substance use in young adulthood. 
Main results 
Substance use in young adulthood was predicted better by the overall obstetrical 
optimality score than emotional problems were. Links studied were stronger for 
men than for women. 
Conclusions 
This study demonstrated the use of an aggregated obstetrical optimality score in 
analysing the associations between early risk factors and emotional problems and 
substance use in young adulthood.
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Introduction 
 
Most epidemiological studies of the effects of obstetric circumstances on future 
mental health focus on the association of isolated pre- and perinatal risk factors 
with well-defined disorders. Thus, various single factors have been linked to 
several psychiatric disorders and symptoms, like schizophrenia1, affective 
disorders2, criminal behaviour3 and suicidal behaviour4.  

In most of these studies specific obstetric complications – like low birth 
weight or complications during delivery - are viewed as specific risk factors for 
specific disorders. However, pregnancy and delivery are complex processes, and 
isolated obstetric complications rare and often accompanied or followed by a 
number of others.5 Moreover, perinatal factors can counteract each other so that 
one optimal condition can compensate for another less favourable one. For 
instance, an earlier study of ours suggests that the early negative consequences of 
maternal smoking during pregnancy are limited if the child is breastfed.6 At the 
other end, that of outcome, psychiatric problems frequently co-occur or cluster as 
well.7

In order to quantify the complex process surrounding pregnancy and 
delivery, Prechtl8 and Touwen et al5 introduced the so called ‘optimality concept’.  
The basic idea of the optimality concept is that it is easier to define the ‘optimum’ 
condition, i.e. the best possible, than the ‘normal’ condition. For example, it is 
well known that multiparity creates a less optimal obstetrical condition, but it is 
unclear where to draw the line between “normal” and “abnormal” parity. Optimal 
parity is easier to define: having given birth to one previous child is the optimal 
situation. 

Touwen and colleagues constructed a list of 74 items describing the pre- 
and perinatal condition of the mother, the foetus and the placenta.5  For each item 
an optimum was defined, and each optimal condition contributed a point, leading 
to a summary score ranging between 0 (least optimal) and 74 (most optimal). 
Empirically it has been found that any non-optimal obstetrical variable of serious 
clinical significance is often accompanied by a number of other non-optimal 
findings. The system therefore is self-weighing.8
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The present study examines, in a prospective birth cohort, the relationship 
between the overall obstetric and perinatal situation quantified with the method of 
Touwen et al. on the one hand and psychiatric morbidity in young adulthood on 
the other. We focus on non-psychotic emotional and substance use disorders, 
because these constitute the bulk of young adult psychiatric morbidity.9 In 
addition, we analysed whether links between the obstetric condition and 
emotional and substance disorders in early adulthood are mediated by 
internalising or externalising temperaments in childhood. This second set of 
analyses was performed because previous research has shown that temperament in 
early childhood is meaningfully associated with both adverse perinatal 
conditions10 and adult psychiatric disorders.11 Finally, given gender-related 
differences in patterns of childhood temperaments12 and young adult psychiatric 
morbidity9, a further objective of the study was to examine whether associations 
are modified by gender. 

Specific questions addressed are 1) Is a sub-optimal obstetric condition 
associated with emotional and substance use problems in young adulthood? 2) If 
so, are these associations mediated by temperamental make-up in childhood? 3) 
Do these relationships differ between boys and girls?  
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Method  
 
Subjects 
 
The data come from the Groningen Perinatal Project (GPP), a birth cohort (n = 
3162; 1975-78) with detailed social, perinatal, and neonatal data and, for 
subsamples, follow-up data on behaviour and temperaments in childhood (5.5-11 
years) and young adulthood (21 to 25 years). The subsamples re-evaluated at 7-10 
years consisted of: 

• all children with a definitely abnormal neonatal neurological condition (n 
= 133)P

13
P 

• a random sample of all children with a normal neonatal neurological 
condition (n = 300) or a mildly abnormal neonatal neurological condition 
(n = 293)P

13
P 

• all children born preterm and/or small for gestational age between 
January 1st 1977 and June 30th 1978 (n = 237)P

14
P 

• all children born at term who participated in a study on the effect of 
intrauterine exposure to ritodrine (n = 232). P

15
P Ritodrine did not affect 

neurobehavioural development.P

15
P 

Attrition in the various subsamples ranged between 0 and 7%. Children with 
definite neurological pathology, such as cerebral palsy were excluded from the 
behavioural analyses. Due to some overlap in the subsamples, the total number of 
children without definite neurological pathology re-examined between age 5.5 
and 11 years was 1186 (55% boys, 45% girls).   

When the cohort was aged between 20 and 25 years, 92% (n = 2900) was 
alive and tracked down living in the Netherlands. They were sent a questionnaire 
pack focusing on emotional and substance use problems in young adulthood, 
which was completed and returned by 1726 of them  (almost 60%). Excluded 
from the present analyses are cohort members with learning difficulties.  
All this resulted in 682 children with complete data sets at the three ages 
(perinatal, chilhood and young adulthood). Compared to the remainder of the GPP 
cohort, the perinatal condition of these 682 children had been less optimal (see 
table 6.1).  



Table 6.1: Perinatal characteristics of the GPP subjects included into the present analyses 
and the rest of the GPP cohort   
 Study group  

(n = 682) 
Rest GPP 
population 
(n = 1580) 

 

Obstetric 
Optimality, mean 
(SD)  

59.3 (5.1) 60.4 (4.4) T = 4.89 
p < 0.001 

Birth weight, 
mean (SD)  

3102g (647) 
 

3355g (527) T = 9.38 
p < 0.001 

Gestation, mean 
(SD) 

39.6 weeks (2.3) 
 

40.3 weeks (1.6) T = 7.81 
p < 0.001 

Apgar 1minute, 
mean (SD)  

8.0 (1.9) 
 

8.3 (1.4) Z = -3.027 
p = 0.002 

Apgar 3 minutes, 
mean (SD) 

9.2 (1.4) 
 

9.5 (1.0) Z = -4.185 
P < 0.001 

Boy: girl 52:48% 50:50% 
 

Chi2 (1) = 0.53 
p = 0.467 

Married: 
unmarried parents 
at the time of 
pregnancy 

96:4%  92:8% Chi2 (1) = 14.17 
p = 0.003  
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Obstetric optimality 
 
For all 3162 infants born between 30 June 1975 and 1 July 1978 pre- and 
perinatal data were documented using Touwen’s list of 74 items5, giving scores 
ranging from 42 (least optimal) to 72 (most optimal in the cohort). 
  
 
Childhood Temperaments 
 
For the assessment of childhood temperaments parents and teachers were asked, 
on a 7-item questionnaire, to indicate whether they regarded the child in question 
as more, the same or less irritable, hyperactive, difficult to handle, headstrong, 
easily frightened, shy, and anxious than the average child. An earlier study of ours 
indicated that two principal components accounted for the bulk of the variance12, 
denoted as externalising (undercontrolled) and internalising (inhibited) 
temperaments respectively. Both dimensions could be identified in teachers’ as 
well as in parents’ ratings. Because the associations between the obstetric 
optimality score on the one hand and externalising and internalising behaviour on 
the other, did not differ according to the raters’ identity (p-values for the 
interaction terms 0.459 and 0.947 respectively), parents’ and teachers’ ratings 
were averaged.  
 
 
Psychiatric morbidity in young adulthood 
 
Morbidity in young adulthood was assessed by a self-report questionnaire 
consisting of the short version of the General Health Questionnaire (GHQ1216; 
amended to cover the last 12 months), the depression and anxiety scales of the 
Symptom Checklist (SCL-9017; time frame last week), and questions on alcohol, 
cigarettes and drug use in the last month and the last year. Here also, principal 
component analysis revealed two components that jointly accounted for the bulk 
of the variance of scores. The first referred to emotional problems and the other to 
substance use (see table 6.2).  
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Table 6.2: Varimax (a rotation that maximizes the variance on the new axes) factor 
loadings (correlations between the variables and the two factors) for emotional and 
substance use problems, and explained variances and Eigenvalues (EV: the variances of 
the factors that were successively extracted) 
 Emotional 

problems 
Substance use 

 43%  EV 2.6 23%  EV 1.4 
General Health Questionnairea 0.848 0.130 
Depression scale of the 
Symptom Checklistb

0.915 0.102 

Fear scale of the Symptom 
Checklistb

0.885 0.050 

Drug use in the past 12 monthsc 0.153 0.659 
Alcohol used -0.119 0.762 
Cigarette smokinge 0.152 0.676 
a = Dutch version (Koeter & Ormel, 199116); time frame last 12 months 
b = Dutch version (Arrindell & Ettema, 198617); time fame last week 
c = assessed with one question: did you use drugs in the last 12 months, like marihuana,  
      amfetamines, cocaine, heroine, etc.? (never in the past 12 months, 1-4 times, 5-8       
      times, 9-12 times, more than 12 times) 
d = compound score of three questions: how many glasses of alcohol a day did you drink   
      in the past 30 days, how many glasses of alcohol a day did you drink in the past 12  
      months, how many times were you drunk in the past 12 months? 
e = compound score of two questions: how many cigarettes a day did you smoke in the  
      past 30 days and in the past 12 months? 
 
 
 
Statistical analysis 
 
As described above, principal component analyses were used to examine whether 
the behavioural items at 7-10 year follow-up and the questionnaires and items at 
21-25 year follow-up could be summarised into fewer underlying constructs. 
Least squares regression was used to examine, in 682 subjects, the associations 
between obstetric optimality, childhood temperaments, and emotional and 
substance use disorders in young adulthood. To evaluate whether the associations 
between obstetric situation and psychiatric morbidity in young adulthood are 
mediated by childhood temperaments, multivariate regression was performed with 
temperaments in childhood as covariates. Because we expected gender 
differences, the analyses were done separately for boys and girls. Throughout the 
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analyses, a probability of less than 5% was taken to indicate statistical 
significance. 
 Possible interactions between the obstetric optimality score on the one 
hand and childhood temperaments on the other were examined. However, in order 
to reduce capitalisation on chance, interactions are reported only in case of p-
values smaller than 0.01. 
 
 
Results 
 
 
Demographics 
 
Of the 682 respondents, 51% were male, 29% were married or living together 
with a partner, 73% had intermediate vocational training or higher education, and 
99% had the Dutch nationality. Mean age was 22 years old (range 20-26). The 
mean Obstetric Optimality Score (OOS) was 59.3, with a minimum of 42 and a 
maximum of 70 (standard deviation 5.1).  
 
 
Obstetric optimality and childhood temperaments 
 
Figures 6.1 and 6.2 show the results for girls and boys, respectively.  In girls, a 
more optimal obstetric situation was related to less externalising behaviour during 
childhood but unrelated to internalising behaviour. In boys similar relationships 
between obstetrical optimality and childhood temperament were found: a better 
obstetrical condition was associated with less externalising behaviour, but did not 
predict internalising behaviour. 
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Childhood temperaments and emotional problems and substance use in 
young adulthood 
 
In girls, internalisation during childhood was associated with less substance use 
during early adulthood but not emotional problems. Externalising childhood 
temperament in girls was associated with neither emotional problems nor 
substance use in young adulthood. In boys internalising behaviour during 
childhood was also associated with less substance use later on, but, in contrast 
with girls, externalisation in childhood was associated with increased emotional 
problems in young adulthood. 
 
 
Obstetric optimality and emotional problems and substance use in young 
adulthood 
 
In females, a more optimal obstetric situation was related to less substance use in 
adulthood, but not to emotional problems. In males, obstetric optimality was 
associated with both more substance use and more emotional problems in young 
adulthood.  
 
 
Mediation by temperament 
 
The relationships between the OOS on the one hand and substance use in young 
adult males and females on the other, were not mediated by childhood 
temperament (figures 6.1 and 6.2). In males however, a more optimal obstetric 
situation was linked to less externalisation in childhood and the latter was 
associated with less emotional problems in adulthood. When analysed in a 
multivariate regression model, the negative link between obstetric optimality and 
emotional problems was no longer significant (p = 0.062), suggesting that 
childhood externalising behaviour mediates the association between emotional 
problems in young adulthood and obstetric non-optimality.  
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Interactions 
 
In boys, we found an interaction between obstetric optimality, childhood 
internalisation, and substance use in young adulthood. When internalisation in 
childhood was preceded by a more optimal obstetric situation, boys showed more 
substance use later on. On the other hand, when internalising behaviour was 
preceded by sub-optimal obstetric conditions, boys exhibited less substance use. 
No other interactions between the obstetric optimality score and childhood 
temperaments were found. 
 
 
Discussion 
 
Main findings 
 
In this study substance use in young adulthood was predicted better by the general 
obstetric situation than emotional problems.  This finding is in contrast with the 
results of Allen, Lewinsohn and Seeley.18 These authors examined relationships 
between a wide range of prenatal and perinatal risk factors and non-psychotic 
psychopathology. They reported that depression and anxiety in adolescence were 
related to several perinatal risk factors, like not being breast-fed and maternal 
emotional ill health, while substance use was only associated with maternal drug 
abuse. Two explanations for the differences between the study of Allen et al.18 
and our data can be offered. First, Allen et al.18 studied the impact of isolated risk 
factors, whereas we evaluated relationships between overall obstetrical condition 
and psychopathology in early adulthood. Second, Allen et al.18 included postnatal 
factors such as the type of infant feeding, fever and illness during the first year 
and specific forms of maternal psychiatric morbidity, whereas we focussed on the 
obstetric condition. Thus, it could be speculated that obstetrical condition per se is 
more related to substance use and less to emotional problems in early adulthood.  
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In women, a more optimal obstetrical condition was linked to less substance use 
in early adulthood, while males with optimal conditions around birth were more 
likely to use substances. This might seem counterintuitive. However, it should be 
noted that substance use does not necessarily amount to misuse. Most boys in our 
study were moderate substance users; less than 10% drank more than 4 glasses of 
alcohol daily in the last year, and about 14% used soft drugs more than 5 times a 
month. Use of hard drugs was very rare. Heavy cigarette smoking was more 
common: 25% smoked more than 10 cigarettes a day. It is possible that moderate 
substance use among young adult males is a sign of healthy adjustment indicating 
that the person in question is socially active, for instance as a member of a sports 
club or a student association.19 Research has shown that among men drinking and 
drug use is associated with social bonding, whereas women tend to drink to 
reduce stress or to alleviate psychological pain.20   

For males, the relationship between obstetric optimality and fewer 
emotional problems in young adulthood was mediated by childhood externalising 
behaviour. That is, when conditions around birth are more optimal, boys are less 
likely to display externalising behaviour in childhood, and suffer fewer emotional 
problems in young adulthood. This finding is in accordance with the results of a 
study by Pesonen et al.21, which indicated that so called heterotypic associations 
between childhood and adulthood temperaments are stronger than homotypic 
continuity. In their study negative emotionality (anger) in childhood was 
associated with low sociability in adulthood and this is in accordance with our 
finding that externalisation during childhood is linked to emotional problems in 
young adulthood. However, while in our study this association only holds for 
boys, Pesonen et al. found no significant gender differences, although the link was 
least strong for females. 
   The neurobiological background for the link between a less optimal 
obstetrical condition, externalising behaviour in childhood and emotional 
problems in young adulthood might be as follows. A less optimal obstetrical 
condition might reflect a situation of pre- and perinatal stress. Recent studies 
indicate that pre- and perinatal stress might subtly alter serotonergic and 
noradrenergic activity in the cerebral cortex and dopaminergic activity in the 
striatum and prefrontal cortex.22 Minor alterations in the setting of monoaminergic 
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systems may induce a vulnerability for the development of externalising 
behaviour in childhood and – due to age-specific changes in behavioural 
challenges and behavioural repertoire – a susceptibility for emotional problems in 
young adulthood. Indeed, recent data suggest that prenatal stress is associated 
with difficult behaviour, aggression and attention problems at school age, and 
particularly so in boys.23 Thus it could be surmised that boys are more vulnerable 
to the effects of pre- and perinatal stress than girls.23,24  

Also, in boys an interaction was found between internalising childhood 
temperament and the obstetric situation: internalisation was a stronger predictor of 
future substance use in case of more optimal conditions around birth. In contrast, 
when obstetric conditions were sub-optimal, internalisation during childhood was 
negatively linked to substance use in young adulthood. This may be due to the 
fact that a more optimal perinatal situation improves the ability of a person to 
tolerate alcohol, drugs, and nicotine, so that these drugs can easily be used to 
overcome shyness and anxiety. The degree of initial tolerance to a drug influences 
the subsequent use of it, so that tolerance for a drug is a risk factor for its 
continued use.25 Tolerance depends on many different factors – genetic, 
neurochemical, environmental and psychosocial26 - and their interactions, and 
obstetric optimality may be one of them. Several studies indicate that significant 
numbers of shy people admit using alcohol and drugs to reduce their interpersonal 
anxiety.27 Bruch et al.27 found that in the absence of positive alcohol expectancies 
(like becoming less shy and more sociable), shyness had a negative relationship 
with alcohol use, possibly because, according to the authors, social situations 
where drinking typically occurs may contain the potential for negative scrutiny by 
others.  It could be that obstetric sub-optimality is related to reduced substance 
tolerance and thus less positive expectations about it. Noxious effects of a drug 
may keep a person from taking it.  
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Strengths and limitations of the study 
 
It should be noticed that some of the associations found are weak and may be due 
to chance. Hence, the results should be interpreted with caution. The strength of 
our study lies in its prospective character and in the quantification, using the 
optimality concept, of the complex process surrounding pregnancy and delivery. 
Many other studies have focused on isolated, specific obstetric risk factors for 
specific psychiatric disorders even though isolated complications as well as 
isolated psychiatric disorders are rare. Our outcome measures, temperaments in 
childhood and psychiatric morbidity in adulthood, were aggregated and therefore 
probably more reliable21 than individual subscales. Moreover, childhood 
temperament was assessed by two different raters, which may yield a more 
precise estimate.28 

Because our predictor variable was an aggregated score, encompassing 
many different aspects of pregnancy and delivery, there was no need to adjust for 
possible confounding factors. For example, socio-economic status is adjusted for 
in almost every study on the impact of obstetric variables on behaviour and 
behaviour problems later on. In the present study however, social background 
variables are already part of the total obstetric optimality score. 

The perinatal condition of the study group was less optimal compared to 
the remainder of the GPP cohort (Table 6.1). Moreover, the GPP cohort consists 
of a population born at a University Hospital, which implies that, compared to the 
general population, obstetric morbidity was already overrepresented.29 In a study 
of the impact of the obstetric situation on temperaments and psychiatric morbidity 
later on, this may represent an advantage. The fact however, that we deal with a 
specific population means that the results of our study should not be generalised 
without caution to the general population.  

Since the perinatal condition of the 682 children studied had been less 
optimal compared to the remainder of the GPP-cohort, it could be argued that this 
influenced the outcome of the study. Therefore, we examined univariate links 
with all available data. Data on OOS and childhood temperament were available 
for 1186 children, and data on OOS and emotional problems and substance use in 
young adulthood for 1826 cohort members. Although less strong, in these larger 
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groups the same significant associations as in the smaller group included in the 
present study were found. 

Psychiatric morbidity in young adulthood at the level of specific 
diagnoses was not the focus of our study, nor was childhood temperament at the 
level of explicit problematic behaviour. Further research is needed to examine 
whether emotional disorders and substance use disorders at the syndromal level 
are related to (problematic) childhood temperaments and a sub-optimal obstetric 
situation. 
 
 
Conclusion 
 
This study demonstrated the use of an aggregated obstetric optimality score in 
analysing the associations between early risk factors and emotional problems and 
substance use in young adulthood. While others found that emotional disorders 
are generally better predicted by isolated perinatal risk factors than substance use 
is18, the generic obstetric situation as quantified by the OOS is stronger related to 
substance use than to emotional disorders. For boys, there was an association 
between OOS and emotional problems in young adulthood, which was mediated 
by externalising behaviour during childhood and relationships between childhood 
temperament and emotional disorders and substance use in adulthood were 
stronger for men than for women. This study adds to the evidence that boys are 
more vulnerable for the effects of perinatal risk factors than girls are.    
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Abstract  
 
Background  
Comorbidity research in psychiatric epidemiology mostly uses measures of 
association like odds or risk ratios to express how strongly disorders are linked. In 
contrast, chronic disease epidemiologists increasingly use measures of clustering, 
like multimorbidity (cluster) coefficients, to study comorbidity. This article 
compares measures of association and clustering.  
Methods  
Narrative review, algebraical examples, a secondary analysis of an existing 
dataset and a pooled analysis of published data.  
Results 
Odds and risk ratios, but the former more than the latter, confound clustering with 
coincidental comorbidity. Multimorbidity coefficients provide a pure estimate of 
clustering which is the proportion of the association between disorders that is of 
etiological interest. Odds and risk ratios can express comorbidity between no 
more than two disorders, whilst clustering coefficients, although computationally 
laboursome, can capture multimorbidity of any number of disorders. Cluster 
coefficients depend less on the prevalence of illness in study groups than 
measures of association.  
Conclusion  
Odds and risk ratios are well suited for comorbidity research which focuses on 
which sets of disorders or syndromes tend to occur in combination and the 
implications of this for, for instance, nosological classification, a traditional 
interest of psychiatric epidemiology. However, the cluster coefficient is to be 
preferred if the interest is more aetiological, addressing for example why certain 
individuals are prone to multiple health problems. 
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Introduction 
 
The term comorbidity was introduced in 1970 by Feinstein.1 His interest was the 
prognosis of chronic somatic disease and he defined comorbidity as the 
occurrence of other medical conditions additional to an index disease.1 From the 
mid-1980s onward comorbid occurrence of disorders also, and increasingly, 
aroused the interest of psychiatrists. The first psychiatric publication on 
comorbidity appeared in 19852, 15 years after Feinstein introduced the term. 
Psychiatrists’ interest in the phenomenon was probably sparked off by the 
publication, in 1980, of the third edition of the Diagnostic and Statistic Manual of 
Mental Disorders. This expanded the number of psychiatric diagnoses from 158 
in the previous edition to 226, thus also increasing the potential for overlap 
between disorders.3 The trend toward ever more fine-grained classification has 
not halted yet and, in its wake, the explosion of psychiatric research papers on 
comorbidity continues (Fig. 7.1).  

The classification of psychiatric morbidity is less fixed than that of 
somatic disorders. When diagnostic categories are found to be strongly associated, 
diagnostic systems may come in for revision as a result. Indeed, the strength of 
associations between sets of diagnoses is the subject of most publications on 
psychiatric comorbidity and the implications of comorbidity for disease 
classification have occupied psychiatric epidemiologists more than its effects on 
prognosis.5 In this search for associations, the fact that a substantial part of the 
epidemiological overlap between disorders is statistically inevitable is easily 
overlooked. This paper examines the dependence of comorbidity on background 
rates of morbidity in populations and the implications of this for its quantification. 
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Definition and classification 
 
Joint occurrence of disorders has been defined in a number of ways, according to 
the number of conditions considered, their degree of overlap in time, and the 
mechanisms responsible. 
 
Fig. 7.1 Classificatory progress (DSM) and absolute and proportionate number of 
publications (PsycLit) featuring “comorbid” in title or abstract 
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Comorbidity versus multimorbidity 
 
As indicated, the term comorbidity was originally used to indicate that a certain 
index disorder is accompanied by one or more other conditions.1 This definition 
implies that the main interest is on the index condition and the effects other 
conditions may have, for instance on its prognosis. More recently, the term 
multimorbidity has been introduced in chronic disease epidemiology to refer to 
any co-occurrence of two but often more than two medical conditions within a 
person.5 The introduction of this term indicates a shift of interest from a given 
index condition to the individuals who suffer multiple disorders. It is gaining wide 
acceptance in the somatic literature but has appeared no more than ten times in 
psychiatric research publications to date. Still, many aspects of psychiatric 
research on comorbidity actually concern multimorbidity: over 14% of 
respondents in the US National Comorbidity Survey had a lifetime history of 
three or more different psychiatric disorders.6

 
 
Episode versus lifetime comorbidity 
 
Feinstein’s original comorbidity concept1 referred to what is now known as 
episode comorbidity (the occurrence of more than one disorder within the same 
person in a specific time span7). The time span mostly refers to a period of 1–12 
months. It has been contrasted with lifetime comorbidity (the occurrence of more 
than one disorder in a person’s whole life7) but it should be noted that the 
distinction between the two is relative since, when episodes are prolonged, they 
may eventually cover entire biographies. Psychiatric episode comorbidity is 
reported on more frequently than lifetime comorbidity. This may be because valid 
lifetime data are harder to come by, but also because, for those who have the 
refinement of diagnostic classifications in mind,more information can be gleaned 
from disorders which overlap in time than from the life-history of individuals who 
suffered multiple disorders over time but never simultaneously. As in the 
distinction between comorbidity and multimorbidity, the focus on co-occurrence 
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of disorders in short periods rather than in persons indicates that psychiatry’s 
interest in comorbidity has been primarily disorder- (or: diagnosis-) driven. 
 
 
Responsible mechanisms 
 
Disorders may co-occur through bias, coincidence or because substantive 
associations exist between them. 
 
Bias 
The best-known example of this is Berkson’s bias, referring to the concentration 
of comorbid cases among hospital- treated patients.8 Overreporting or increased 
self-scrutiny may lead to inflated estimates of comorbidity associated with certain 
conditions like depression.9 A special type of classification bias arises when 
diagnostic boundaries are imposed where none exist.4

 
Coincidental comorbidity 
Even when disorders are completely independent of one another, in any study 
population, they can be expected to co-occur at a rate which equals the product of 
the prevalences of the separate conditions.9 Thus, comorbidity rates will be higher 
in “sicker” populations. This proportion of comorbidity which is to be expected 
statistically, has been referred to as coincidental5 or independent.10 We will use 
the former term. 
 
Substantive associations 
When comorbidity rates exceed those which are statistically expected 
(coincidental) and bias has been excluded, there must be substantive associations 
between the disorders involved. This proportion of comorbidity has been referred 
to as cluster11 (the term we will use), dependent10 or associative.5 A lot has been 
written about how and why disorders may occur in combination more often than 
expected12 but, essentially, either of two processes, alone or in combination, must 
operate; the disorders involved share risk factors or the disorders act, directly or 
indirectly, as risk factors for one another. 
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Quantifying cluster comorbidity and multimorbidity 
 
The risk or rate ratio is the preferred measure of association in psychiatric 
epidemiology and odds ratios are used as an approximation in case control 
designs. The popularity of the odds ratio is principally due to the ease of its 
calculation (being simply the cross-product from a two-by-two table) and to the 
fact that it provides a good estimate of the relative risk, although when disorders 
are more prevalent its value becomes progressively larger than that of the risk 
ratio13 (Fig. 7.2). All major reports on psychiatric comorbidity, like those arising 
from the National Comorbidity Survey6, the OPCS Survey of Psychiatric 
Morbidity14, the Dutch NEMESIS study15 and others, quantify comorbidity with 
odds ratios. However, odds and risk ratios merely express how strongly two 
diagnoses or disorders are associated and are ill suited for the study of cluster 
comorbidity and of multimorbidity. 
 
 
Separating coincidental from cluster comorbidity 
 
Odds and risk ratios estimate the overall strength of association between disorders 
but fail to separate cluster from coincidental comorbidity. The numerical example 
in Fig. 7.2 of a cohort of 10,000 persons of whom 10% have disorder A and 
17.5% disorder B, illustrates this. When comorbidity is merely coincidental, 
odds/risk ratios as well as cluster coefficients are all equal to one, indicating that 
the disorders are not associated and do not cluster. However, when clustering does 
occur, the value of the cluster coefficient, which divides the observed rate of 
comorbidity by the rate which is expected under the nullhypothesis of no 
substantive associations between the separate disorders, is smaller than the values 
of odds and risk ratios.  
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Fig. 7.2 Risk ratios, odds ratios and cluster coefficients; divergence in case of 
higher than coincidental comorbidity (two disorders with prevalences of 10 % and 
17.5 %) 
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This disjunction arises because the latter two statistics do not adjust overall 
associations for coincidental comorbidity. Fig. 7.3 illustrates this phenomenon 
indicating that odds and risk ratios (and the former more than the latter,due to 
violation of the rare disease assumption P

13
P), are always, except in the situation of 

no association, farther away from unity than multimorbidity coefficients and 
increasingly so as clustering (or its reverse: antagonism) between disorders grows 
more pronounced. A similar phenomenon arises when the prevalence of the 
separate disorders in the study population rises. Fig. 7.4 plots risk ratios against 



cluster coefficients at varying rates of the separate conditions (for simplicity’s 
sake the separate conditions are assumed to occur at equal prevalences). It 
illustrates that the cluster coefficient is always nearer to unity (no substantive 
link) than the risk ratio [and, thus, also the odds ratio which deviates more from 
unity than the risk ratio (Fig. 7.3)]. 

The fact that measures of association diverge increasingly from cluster 
coefficients when clustering increases and when the prevalence of morbidity rises 
indicates that their use is least appropriate in “sicker” populations. 
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Fig. 7.4 Relation between risk ration and cluster coefficient for the joint 
occurrence of two disorders with prevalence “p” 

 
 

 
Combinations of multiple disorders 
 
Joint occurrence, in persons or episodes, of more than two psychiatric disorders is 
no exception6 but odds and risk ratios can manage associations between two 
categorical outcomes only. By contrast, the cluster coefficient can be calculated 
for any number of disorders, merely by dividing observed and expected numbers 
of cases. In this case it is sometimes referred to as the multimorbidity coefficient. 
Calculation of the expected rates is computationally laboursome given the large 
number of combinations to be considered when more disorders than just two or 
three are studied. For instance, to calculate the rate at which, in a study of eight 
diagnoses each with different prevalences, any three of these diagnoses can be 
expected to co-occur, 56 separate probabilities have to be added.16*  
 
*When n disorders are considered with individually different prevalences p1, p2 . . . pn 
and one wishes to know the rate at which k of these can be expected to occur together,one 
calculates the expected rate of [(n!/k!*(n-k)!] different combinations. The expected 
probability of each individual combination is given by the product of the probabilities (p) 
of the k disorders which do occur multiplied by the product of the probabilities of non-
occurrence (1-p) of the disorders which are absent. 
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Table 7.1 illustrates how the cluster coefficient can summarize evidence of 
multimorbidity using data on month prevalences of six neurotic disorders and 
year prevalences of psychotic disorders and alcohol/substance dependence in 
9,830 adult (16–65 years) participants of the UK OPCS psychiatric morbidity 
survey17.  
 
Table 7.1 Multimorbidity in the OPCS psychiatric morbidity survey17. 
Distribution of 2,653 psychiatric disorders (eight types) over a general population 
sample (16–65 years) 
One-month prevalences: 
Any phobia 2%, Depression 2.7%, OCD 1.8%, Generalized anxiety 4.9%, 
Mixed anxiety-depression 8.2%, Panic disorder 1% 
Year prevalences: 
Schizophrenia 0.5%, Substance and/or alcohol dependence 5.9% 
 
Multimorbidity Observed Expected Multimorbidity coefficientsa

(95% confidence interval) 
0 disorders 7837 7448.7         1.04 (1.02 – 1.06) 
1 disorders 1681 2124.0         0.79 (0.75 – 0.83) 
2 disorders 299 148.7         2.01 (1.79 – 2.25) 
3 disorders 84       3.55       23.63 (18.85 – 29.26) 
4 disorders 23       0.04     532.25 (337.48 – 798.62)  
5 disorders 6           0.0004 16306.68 (5984.33 – 35489.66) 
aAll multimorbidity coefficients are significantly different from 1 (p < 0.050) 
 
Multimorbidity occurs more frequently than expected and this obtains in 
particular for combinations of more disorders than two or three only. On the other 
hand, fewer persons than expected have one diagnosis only. This pattern applies 
in other surveys as well and is independent of which type of disorder is 
considered9. It suggests that, in cases of multimorbidity, the interest should focus 
on which types of individuals are prone to multimorbidity rather than on the exact 
disorders or diagnoses involved. 
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 The context-dependence of cluster comorbidity 
 
It has been demonstrated that overall associations between disorders, as measured 
by odds and risk ratios, increase in strength in “sicker” populations. The 
multimorbidity coefficient corrects for this phenomenon in as far as it is 
attributable to coincidental (expected) cooccurrence of disorders. However, even 
cluster comorbidity may vary between study populations for reasons other than 
merely distributional ones. Effects of disorders on one another may be modified 
by social context. For instance, links between cocaine or alcohol misuse and 
affective disorder are weaker in periods or places where such substance use 
indicates less deviance, i.e. is more normative.18,20 This context-dependence of 
cluster comorbidity will be demonstrated using published data on the link 
between alcohol dependence and depression. 
 
 
Alcohol dependence and affective disorder –context-dependence of the link 
 
Relevant literature was collected by performing a computer- based search of 
literature (EMBASE 1989–February 2000; MEDLINE 1987–April 2000; and 
PSYCHLIT 1987–March 2000) published, with the descriptors alcohol, 
depression, substance use and/or psychiatric comorbidity in their title. As a 
second step, all references given in the selected publications were screened. 
Studies, in any language, which reported numerical data allowing calculation of 
odds/risk ratios and cluster coefficients were included. For each of these, 
information is needed on the prevalence of the separate conditions and either the 
rate of the comorbid condition or at least one measure of association or clustering. 
Further, only studies with diagnoses based on DSMIIIr (APA 1987) or DSMIV 
(APA 1994) were included, because DSMIIIr modified criteria for alcohol 
dependence and misuse. Only comorbidity over a period of 12 months was 
analysed. Twenty-eight studies appeared suitable at first glance but nine articles 
eventually remained (Table 7.2).  
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Table 7.2 Comorbidity and clustering between alcohol dependence and major 
depression 

Study Sample 
characteristics 

Odds ratio 
(95% CI) 

Risk ratio 
(95% CI) 

Cluster 
coefficient 
(95% CI) 

LA ECA 
study28

N = 2393 
Population sample  
18 years and older 

2.51 
(1.27 - 4.93) 

2.33 
(1.09 – 4.44) 

2.22 
(1.07 – 4.10) 

Nemesis15
N = 7076 
Population sample  
18 – 65 years  

1.80 
(1.32 – 2.46) 

1.71 
(1.25 – 2.30) 

1.63 
(1.21 – 2.16) 

OPCS Survey 
of Psychiatric 
Morbidity17

N = 10108 
Population sample  
16 – 64 years 

4.56 
(2.65 – 7.83) 

3.94 
(2.23 – 6.47) 

3.84 
(2.19 – 6.23) 

Speer and 
Bates29

N = 128 
Psychiatric patients  
54 years and older 

3.22 
(1.40 – 7.40) 

2.41 
(1.10 – 5.58) 

1.50 
(0.94 – 2.38) 

Neighbors et 
al.30

N = 112 
Juvenile delinquents 
12 – 28 years 

1.46 
(0.67 – 3.18) 

1.22 
(0.66 – 2.19) 

1.13 
(0.69 – 1.75) 

Henriksson et 
al.31

N = 229 
Suicide victims  
10 – 89 years 

0.41 
(0.27 – 0.75) 

0.58 
(0.33 – 0.96) 

0.67 
(0.39 – 1.00) 

Sherbourne et 
al.32

N = 2296 
Psychiatric and 
medical patients  
18 years and older 

1.29 
(1.03 – 1.62) 

1.24 
(1.01 – 1.52) 

1.13 
(0.97 – 1.32) 

O’Neill33
N = 20 
American aboriginals 
29 – 79 years 

3.00 
(0.39 – 24.1) 

2.00 
(0.18 – 14.0) 

1.67 
(0.20 – 6.02) 

NLAES34
N = 42862 
Population sample  
18 years and older 

3.65 
(3.19 – 4.16) 

3.08 
(2.73 – 3.47) 

2.88 
(2.56 – 3.22) 

 
 
As expected, cluster coefficients are nearer to unity than odds ratios in all, with 
risk ratios taking an intermediate position. However, the strength of the 
association, whichever statistic is used to express it, varies considerably between 
studies. A sizeable proportion of this heterogeneity is attributable to between-
study variation in the prevalence of the two separate conditions – associations are 
weaker in sicker populations but this effect is weakest for the cluster coefficient 
(Fig. 7.5). 
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Discussion 
 
It is well known that, like somatic disorders, mental disorders are not distributed 
at random across populations but cluster in a minority.9 Several mechanisms may 
contribute to this. First and foremost, in psychiatry more than in somatic 
medicine, different clinical manifestations of one disorder may, mistakenly, have 
been classified as if they were separate disorders.4,21 Thus, it is debatable whether 
major depression and generalized anxiety disorder are two different entities or 
clinical variations of one underlying condition.22 Secondly, psychiatric disorders 
may act as risk factors for one another and this may partly explain why substance 
use co-occurs so often with anxiety and affective disorders.23 Thirdly, in chronic 
disease medicine symptom diversity (i.e. comorbidity or (better) multimorbidity) 
is increasingly seen as an indicator of severity of illness alongside symptom 
chronicity and intensity. Thus, comorbidity indices have been developed which 
weigh overall severity of illness according to the number of individual conditions 
and their seriousness.24 The cluster or multimorbidity coefficient discussed in this 
paper is an example of this approach. It is efficient in identifying the extent to 
which illness concentrates in a sick minority, but, as a pay-off, less effective in 
identifying which combinations of disorders tend to co-occur most often, a 
particular interest of nosologists. 

If the focus of interest is on the etiology of comorbidity rather than its 
nosological implications, it is important that a clear separation be made between 
coincidental and cluster comorbidity. As a statistical necessity, comorbidity rates 
are higher in populations with higher base rates of illness. The implications of this 
deserve more attention. For instance, it is unclear whether the relatively high 
prevalence of psychiatric multimorbidity in young adulthood compared to other 
ages6 is in excess of what is to be expected merely on the basis of the fact that the 
prevalence of psychiatric disorder is in any case at its highest in this group. 
Adjusting observed comorbidity rates for what can be expected, i.e. calculating 
the multimorbidity coefficient, would provide the answer. 

Adjustment of comorbidity rates for what can be expected will remove 
some, but not all, of the variation between studies of comorbidity conducted in 
different settings. However, the heterogeneity that remains is not, like 
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coincidental comorbidity, a statistical artifact but, rather, representative of a 
phenomenon of substantive interest. Evidence is accumulating to suggest that the 
strength of risk-outcome associations in psychiatric epidemiology tends to 
diminish as exposure to the risk factors in question becomes more widespread.20 
This applies not only to risk factors like ethnic minority status25 and 
unemployment26, but also to problems like cocaine18 or alcohol misuse27. A 
variety of mechanisms may explain this dilution or concentration of risk20 by 
overall morbidity levels. The impact of exposure (for instance, to given levels of 
alcohol consumption) and, thus, the risk of complications like comorbid 
depression is less when the exposure is more prevalent (i.e. drinking more 
normative) – an example of social causation. On the other hand, it requires higher 
levels of vulnerability (and, thus, high risk of comorbidity) to develop a condition 
like alcohol dependence in the first place in relatively “dry” groups.27

 
 
Conclusion 
 
Comorbidity can be studied not only as a feature of disorders but also as a feature 
of individuals. When the focus is on the latter, measures of clustering – little used 
in psychiatry – are more appropriate than measures of association as the latter are, 
of necessity, stronger in groups with more disorders like, in psychiatry, the young. 
Between-study variation that remains after coincidental comorbidity has been 
accounted for may indicate important etiological mechanisms operative at the 
group level. 

 
 

115



References 
 
 

1. Feinstein AR (1970) The pretherapeutic classification of comorbidity in chronic 
disease. J Chronic Dis 23: 455–468 

 
2. Eastwood MR (1985) Acquired hearing loss and psychiatric illness; an estimate 

of prevalence and comorbidity in a geriatic setting. Br J Psychiatry 147: 552–556 
 

3. American Psychiatric Association (1980) Diagnostic and Statistical Manual of 
Mental Disorders: DSM 3.Washington: APA 

 
4. Van Praag HM (1996) Comorbidity (psycho)analysed. Br J Psychiatry 168: 129–

134 
 

5. Van den Akker M, Buntinx F, Knottnerus JA (1996) Comorbidity or 
multimorbidity; what’s in a name? A review of the literature. Eur J General 
Practice 2: 65–70 

 
6. Kessler RC, McGonagle KA, Zhao S, et al. (1994) Lifetime and 12- month 

prevalence of DSM3(r) psychiatric disorders in the United States: results from 
the National Comorbidity Survey. Arch Gen Psychiatry 51: 8–19 

 
7. Burke JD, Wittchen HU, Regier DA (1990) Extracting information from 

diagnostic interviews on co-occurrence of symptoms of anxiety and depression. 
In: Maser JD, Cloninger CR (eds) Comorbidity of`mood and anxiety disorders. 
APA, Washington DC, pp. 649–667 

 
8. Berkson J (1946) Limitations of the application of the 4-fold table analyses to 

hospital data. Biometrics 2: 47–53 
 

9. Neeleman J, Ormel J, Bijl RV (2001) The distribution of psychiatric and somatic 
ill-health. The role of personality and socioeconomic status. Psychosom Med 63: 
239–247 

 
10. Francis A, Widinger T, Fyer MR (1990) The influence of classification methods 

on comorbidity. In: Maser JD, Cloninger CR (eds) Comorbidity of anxiety and 
mood disorders. APA,Washington, pp. 41–60 

 
11. Andrews G, Sanderson K, Beard J (1998) Burden of disease. Methods of 

calculating disability from mental disorder.Br J Psychiatry 173: 123–131 
 

12. Wittchen HU (2001) Evalution of comorbidity. Br J Psychiatry 168: 9–16 
 

 
 

116



13. Hillis SL,Woolson RF (1995) Analysis of categorized data; use of the odds ratio 
as a measure of association. In: Tsuang MT,Tohen M,Zahner GEP (eds) 
Textbook in Psychiatric Epidemiology. Wiley- Liss, New York, pp. 55–80 

 
14. Jenkins R, Lewis G, Bebbington PE, Brugha T, Farrell M, Meltzer H (1997) The 

National Psychiatric Morbidity Survey of Great Britain; initial findings for the 
household survey. Psychol Med 27: 775–789 

 
15. Bijl RV, Ravelli A, Van Zessen G (1998) Prevalence of psychiatric disorder in 

the general population: results of The Netherlands Mental Health Survey and 
Incidence Study (NEMESIS). Soc Psychiatry Psychiatr Epidemiol 33: 587–595 

 
16. Akker M van den, Buntinx F, Metsemakers JFM, Roos S, Knottnerus JA (1998) 

Multimorbidity in general practice. Incidence and determinants of co occuring 
chronic and recurrent diseases. J Clin Epidemiol 51: 367–375 

 
17. OPCS (1998) OPCS surveys of psychiatric morbidity: private household survey, 

1993 (Computer file). Office for National Statistics, London 
 

18. Weiss RD, Mirin SM, Griffin ML, Michael JL (1998) Psychopathology in 
cocaine abusers; changing trends. J Nerv Ment Dis 176: 719–725 

 
19. Rossow I (1996) Alcohol and suicide – beyond the link at the individual level. 

Addiction 91: 1413–1416 
 

20. Neeleman J (1997) The social and epidemiological context of suicidal behaviour. 
University of Groningen, Groningen (PhD-Thesis) 

 
21. Boyd JH, Burke JD, Gruenberg E, et al. (1984) Exclusion criteria of DSM–3; a 

study of co-occurrence of hierarchy free syndromes. Arch Gen Psychiatry 41: 
983–989 

 
22. Kendler KS, Neale MC, Kessler RC, Heath AC, Eaves LJ (1992) Major 

depression and generalized anxiety disorder. Same genes, (partly) different 
environments? Arch Gen Psychiatry 49: 716–722 

 
23. Regier DA, Farmer ME, Rae DS (1990) Comorbidity of mental disorders with 

alcohol and other drug abuse; results from the Epidemiological Catchment Area 
Study. JAMA 264: 2511–2518 

 
24. Charlson ME, Ales KL, Pompei P, MacKenzie KR (1987) A new method of 

classifying prognostic comorbidity in longitudinal studies. J Chronic Dis 40: 373 
383 

 

 
 

117



25. Neeleman J, Wilson-Jones C, Wessely S (2001) Ethnic density and deliberate 
self-harm; a small area study in South-East London. J Epidemiol Community 
Health 55: 85–90 

 
26. Platt S (1986) Parasuicide and unemployment. Br J Psychiatry 149: 401–5. 

 
27. Skog OJ (1985) The collectivity of drinking cultures: a theory of the distribution 

of alcohol consumption. Br J Addict 80: 83–99 
 

28. Golding JM, Burnam MA, Wells KB (1990) Alcohol use and depressive 
symptoms among Mexican Americans and non-Hispanic Whites. Alcohol 25: 
421–432 

 
29. Speer DC, Bates K (1992) Comorbid mental and substance use disorders among 

older psychiatric patients. JAGS 40: 886–890 
 

30. Neighbors B, Kempton T, Forehand R (1992) Co-occurrence of substance abuse 
with conduct, anxiety and depression disorders in juvenile delinquents. Addict 
Behav 17:379–386 

 
31. Henrikkson MM, Aro HM, Marttunen MJ, et al. (1993) Mental disorders and 

comorbidity in suicide. Am J Psychiatry 150: 935–940 
 

32. Sherbourne CD, Hays RD, Wells KB, Rogers RW, Burnam MA (1993) 
Prevalence of comorbid alcohol disorder and consumption in medically ill and 
depressed patients. Arch Fam Med 2: 1142–1150 

 
33. O’Neill TD (1992) “Feeling worthless”; an ethnographic investigation of 

depression and problem drinking at the Flathead reservation. Culture Med 
Psychiatry 16: 447–469 

 
34. Grant BF, Harford TC (1995) Comorbidity between DSM-IV alcohol use 

disorders and major depression: results of a national survey. Drug Alcohol 
Depend 39: 197–206 

 
 

 
 

118



CHAPTER 8 
 
 

PSYCHIATRIC MULTIMORBIDITY IN 
YOUNG ADULTS IS RELATED TO A 
CHAIN OF PRE- AND PERINATAL 

ADVERSITIES 
 
 
 
L.Batstra 

J.Neeleman 

C.Elsinga 

M. Hadders-Algra 

 

 

 

 

 

 

 

 

 

 

Submitted 

 
 

119



Abstract 
 
Background   
Since prognosis is poor when psychiatric disorders co-occur, it is important to 
identify early risk factors for multimorbidity. 
Aims 
 To assess associations between pre- and perinatal factors and psychiatric 
monomorbidity and multimorbidity 
Method 
In a sample of 258 young adults, multimorbidity of six types of psychiatric 
diagnoses was quantified with the help of the cluster coefficient. Using univariate 
and multivariate logistic and ordinal logistic regression, associations of psychiatric 
mono- and multimorbidity with prospectively collected early factors were examined. 
Results 
Risk factors for multimorbidity differed from those for monomorbidity. 
Multimorbidity was related to the overall perinatal situation, but not to isolated 
perinatal risk factors. 
Conclusions 
Multimorbidity is related to a chain of adverse pre- and perinatal events. Thus, 
primary and secondary prevention strategies should not focus solely on isolated early 
risk factors, but also on the entire pre- and perinatal situation.  
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Introduction 
 
In psychiatric epidemiology strengths of associations between disorders are 
mostly expressed by odds or risk ratios. However, these measures can express 
comorbidity between no more than two disorders. Moreover, they confound 
clustering with coincidental comorbidity.1 The cluster coefficient (CC) does not 
suffer from these drawbacks. It can be calculated for any number of disorders and 
is sometimes referred to as the multimorbidity coefficient. Multimorbidity, like 
symptom intensity and duration, may be a measure of disease severity2 and the 
question arises whether determinants of disease severity differ from risk factors 
for onset of isolated disorders. In this paper we will first demonstrate the use of 
the CC, applied to psychiatric disorders, in a sample of 258 young adults. 
Secondly, we will examine pre- and perinatal life factors that may be related to 
psychiatric (multi)morbidity in young adulthood.  
 
 
Methods 
 
Subjects 
 
Subjects are part of the Perinatal Project Groningen (PPG), an ongoing birth 
cohort of 3162 singleton infants born in the University Hospital Groningen in 
1975-78. Perinatally, detailed sociodemographic, obstetric, and neonatal data 
were collected. Behaviour and temperaments of a subsample (n = 1186) were re-
evaluated between 5 and 11 years (median: 9 years).  For a description of the 
subsample see Batstra, Neeleman & Hadders-Algra3. The re-assessment consisted 
of 1) a detailed neurological examination, 2) behavioural questionnaires, and 3) 
school performance tests.  

When the cohort had reached the age bracket 20 years – 25 years, 92% (n 
= 2900) was alive and tracked down as living in the Netherlands. All these cohort 
members were sent a questionnaire pack focusing on emotional and substance use 
problems in young adulthood. Almost 60% (n = 1826) completed and returned the 
questionnaire pack.  
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Of 682 subjects (24%) full data for the three age brackets (perinatal, 
primary school age, and young adulthood) were available. From these, 258 study 
subjects (8% of full sample, 38% of subjects with full data) were selected for the 
present study on the basis of their Obstetric Optimality Score. This score needs 
some explaining: Pregnancy and delivery are complex processes and isolated 
perinatal complications are rare and mostly accompanied by others.4 Also, 
harmful effects of one perinatal event can sometimes be confined or undone by 
other more optimal conditions. For example, an earlier study of ours suggests that 
harmful effects of maternal smoking during pregnancy on the child’s cognitive 
development can be limited by breastfeeding the child.5

Prechtl6 and Touwen4 quantified the complex process surrounding 
pregnancy and delivery using the ‘optimality concept’. The basic idea of this is 
that it is easier to define an optimal than a normal condition. For example, whilst 
it is unclear how much weight gain during pregnancy is normal and how much 
abnormal, it is known that the optimal range lies between 8 and15 kilogram’s.  
Touwen and colleagues constructed a list of 74 items describing the pre- and 
perinatal condition of mother and foetus (Appendix). For each item an optimum 
was defined, and for each optimal condition a point was counted, resulting in an 
overall score between 0 and 74. Since research showed that any sub-optimal item 
of serious clinical significance is often accompanied by other sub-optimal 
findings, the system is self-weighing.6

The 258 subjects in the present study were selected from the group of 682 
PPG-cohort members with full data available on the basis of their Obstetric 
Optimality Score (OOS). For this purpose, the group of 682 subjects was divided 
into deciles. Originally, it was aimed to select 32 persons at random from every 
decile, so that the total group selected for psychiatric interview would be 320. 
However, due to the fact that fewer than 32 persons were available in the highest 
and in the three lowest deciles, individuals falling in the more central six deciles 
had to be oversampled. Table 8.1 shows the number of cohort members available 
in the OOS-deciles and the number of individuals who responded to the 
interview-request. The mean perinatal condition of these 258 persons was less 
optimal and their socio-economic situation higher compared to the remainder of 
the PPG-cohort (Table 8.2).       
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Table 8.1: PPG cohort members available in OOS-deciles and number of persons  
     interviewed 
Decile OOS-score 

 
Number of 
persons 
available   

number of 
persons 
interviewed  

Percentage 

1th  42-44 1 1 100% 
2nd 45-47 13 9 69% 
3rd 48-50 26 20 77% 
4th 51-53 59 35 59% 
5th 54-56 89 36 40% 
6th 57-59 137 37 27% 
7th 60-62 151 35 23% 
8th 63-65 132 40 30% 
9th 66-68 64 35 55% 
10th 69-71 10 10 100% 
  = 682 = 258  
 
 
Table 8.2: Perinatal characteristics of the PPG subjects included into the present analyses 
and the rest of the PPG cohort 
 
 

Study group 
(n = 258) 

Rest PPG 
population 
(n= 2804) 

 

Obstetric optimality,  
Mean (SD) 

58.64 (6.23) 60.26 (4.44) t = 4.01 
p < 0.001* 

Birth weight, mean (SD) 
 

3143.44 (698.22) 3313.61 (549.72) t = 3.78 
p < 0.001* 

Apgar 3 minutes, mean (SD) 
 

9.10 (1.54) 9.48 (1.02) Z = -3.92 
p < 0.001* 

Gestation  
Mean (SD) 

39.71 (2.26) 40.19 (1.77) t = 3.33 
p < 0.001* 

Feeding:    breast : bottle 
 

34 : 66% 33 : 67% Chi2 = 0.13 
p = 0.718 

Marital state: married      
                            : unmarried    

91 : 9% 92 : 8% Chi2 = 0.25 
p = 0.621 

Socio economic status: 
low : middle : high 

 
27 : 33 : 40 % 

 
35 : 34 : 31 % 

Chi2 = 9.83 
p = 0.007* 
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Measures 
 
Perinatal risk variables were prospectively collected between 1975-78. For this 
study the following variables were selected: Obstetric Optimality Score, birth 
weight, Apgar score 3 minutes after birth, gestation (preterm: <37 weeks versus 
term: 37 weeks or more), breast versus bottle feeding, marital state of the parents 
at the time of pregnancy (married versus not married, divorced, widowed), and 
socio-economic status of the parents at the time of pregnancy (operationalised as 
the principal component (Eigenvalue 3.0, Cronbach’s alpha: 0.86) summarising 
the mother’s and father’s vocational and educational levels and then divided in 
three (lowest, middle, and highest) classes.  
 The reported psychiatric diagnoses are based on the DSM-III-R.7 
Diagnoses were generated with the Composite International Diagnostic Interview 
(CIDI), which is based on the DSM and designed for use by trained interviewers 
who are not clinicians. The interviews were carried out by 3 interviewers trained 
at a university hospital in Amsterdam, the Netherlands using the validated Dutch 
version of the CIDI 1.1.8 

  
 
Statistical analyses 
 
The cluster coefficient (CC) can be calculated for any number of disorders and is 
sometimes referred to as the multimorbidity coefficient. When disorders are 
completely independent of one another, they can be expected to co-occur at a rate 
that equals the product of the prevalences of the separate conditions. The CC 
adjusts for such coincidental comorbidity, by dividing the observed rate of 
comorbidity by the rate that is expected under the null-hypothesis of no 
associations between the disorders (for a formula see Batstra et al.1). Therefore 
the value of this statistic is always nearer to unity (no substantive link) than the 
risk and odds ratio. Cluster coefficients were calculated in Stata.9

Univariate logistic regression was used to examine links between 
perinatal variables and CIDI diagnoses. Because of the skewedness of the 
distribution of the multimorbidity variable, univariate ordinal logistic regression 
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was used to examine associations between perinatal factors and multimorbidity. 
To allow mutual comparison, beta-coefficients of logistic as well as ordinal 
logistic regression are given when presenting results. Multiple regression analyses 
were used to examine which of the predictor variables were related most strongly 
to the isolated disorders and to multimorbidity. All analyses were adjusted for sex 
of the child. Regression analyses were performed in SPSS. Associations with a p-
value <0.05 were considered statistically significant. 
 
 
Results 
 
Illustration of the cluster coefficient 
 
Table 8.3 shows the use of the cluster coefficient in describing multimorbidity of 
6 different psychiatric disorders in 258 young adults. Fewer persons than 
expected on the basis of the prevalences of isolated disorders in this sample, had 
one diagnosis only. Multimorbidity on the other hand, occurred far more 
frequently than expected, and increasingly so with more disorders involved. 
 
Table 8.3: Multimorbidity distribution of six types of psychiatric disorders in a sample of 
258 young adults  
12-month prevalences: 
Depression 12.4%, Anxiety or Phobia 8.1%, Somatoform disorders 1.9%, Alcohol abuse 
and/or dependence 8.1%, Substance (cannabis, sedatives) abuse 4.3%, Nicotine 
dependence 10.5% 
Multimorbidity Observed Expected Cluster coefficient 

(95% CI) 
0 disorders 
1 disorder 
2 disorders 
3 disorders 
4 disorders 
5 disorders 

187 
  43 
  16 
    7     
    4 
    1 

160.3009 
  80.1486 
  12.3683 
    0.4997 
    0.0458 
    0.0009 

      1.17 (1.01, 1.35)* 
      0.54 (0.39, 0.72)*** 
      1.29 (0.74, 2.10) 
    14.01 (5.63, 28.86)*** 
    87.36 (23.81, 22.37)*** 
1078.04 (272.90, 6006,41)** 

(*)    p < 0.05 
(**)  p < 0.01 
(***) p< 0.001 
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Risk factors for isolated disorders and multimorbidity 
 
Multimorbidity was related to the overall perinatal situation as quantified with the 
Obstetric Optimality Score (OOS), but to none of the isolated perinatal risk 
factors. The OOS was linked more often to isolated disorders than any single 
perinatal variable (Table 8.4). 
 Depression was linked to a lower OOS, phobia to a lower OOS and to 
unmarried parental status during pregnancy. Somatisation was associated with 
unmarried parental status during pregnancy. Substance abuse was related to a 
lower OOS, to lower birth weight, and to a lower Apgar score. Adolescents’ 
alcohol abuse on the other hand was not associated with any of the perinatal risk 
factors, although there was a trend for alcohol abusers to be from higher socio-
economic classes (p = 0.090). Finally, nicotine dependence was only linked to a 
lower OOS. Of all isolated disorders, substance abuse was best predicted by 
perinatal risk variables. 
 
Table 5 shows the results of the multivariate regression analyses. Depresssion, 
phobia, and multimorbidity were best predicted by a lower OOS, somatisation by 
an unmarried parental status during the pregnancy, alcohol abuse by male gender 
and substance use by male gender and low birth weight.  
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Table 8.4: Beta coefficients for the associations between perinatal variables and psychiatric disorders and multimorbidity, 95% 
confidence intervals (in parenthesis) and P-values (*=significant). Adjusted for sex of the child. 

 Depression Phobia Somati 
sation 

Alcohol Abuse Substance use Nicotine 
dependence 

Multi 
morbidity 

Obstetric optimality -0.08 
(-0.14, -0.01) 
0.018* 
 

-0.07 
(-0.15, -0.001) 
0.046* 

-0.12 
(-0.27, 0.03) 
0.119 

-0.002 
(-0.07, 0.07) 
0.949 

-0.12 
(-0.22, -0.02) 
0.022* 

-0.07 
(-0.13, -0.004) 
0.038* 

-0.05 
(-0.09, -0.043) 
0.031* 

Birth weight -0.46  
(-0.96, 0.04) 
0.074 
 

0.18 
(-0.50, 0.86) 
0.599 

0.88 
(-0.75, 2.51) 
0.290 

-0.16 
(-0.78, 0.46) 
0.613 

-1.38 
(-2.21, -0.57) 
0.001* 

-0.33 
(-0.87, 0.20) 
0.227 

-0.20 
(-0.59, 0.18) 
0.298 

Apgar 3 minutes 0.008 
(-0.24, 0.25) 
0.951 
 

-0.04 
(-0.31, 0.24) 
0.795 

0.19 
(-0.61, 0.97) 
0.646 

-0.04 
(-0.31, 0.23) 
0.795 
 

-0.35 
(-0.61, -0.09) 
0.005* 

-0.07 
(-0.31, 0.17) 
0.575 

-0.01 
(-0.19, 0.17) 
0.887 

Gestation 
< 37wks 
>= 37 wks 

-0.34  
(-1.38, 
0.70) 0.519 

0.37  
(-1.14, 1.88) 
0.628 

6.43 
(- ∞, + ∞) 
0.822 

-0.13 
(-1.41, 1.16) 
0.848 

-0.98  
(-2.36, 0.40) 
0.163 

0.68 
(-0.81, 2.16) 
0.374 

0.23 
(-0.628, 
1.09) 
0.601 

Bottle Feeding  
 

0.83 
(-0.10, 1.78) 
0.081 
 

0.57 
(-0.47, 1.60) 
0.287 

0.76 
(-1.45, 2.97) 
0.500 

-0.39 
(-1.29, 0.52) 
0.404 

1.71 
 (-0.360, 3.79) 
0.105 

0.68 
(-0.27, 1.62) 
0.161 

-0.24 
(-0.35, 0.83) 
0.430 

Parental marital status 
during pregnancy: not 
married 

1.15 
(-0.08, 2.38) 
0.066 
 

1.66 
(0.40, 2.92) 
0.010* 

2.58 
(0.70, 4.46) 
0.007* 

-0.17 
(-2.25, 1.92) 
0.875 

-6.17 
(-16.12, 18.42) 
0.817 

0.90 
(-0.45, 2.24) 
0.191 

0.93 
(-0.11, 1.96 
0.080 

Parental socio economic 
status during pregnancy 
(high, middle, low) 

-0.05 
(-0.53, 0.43) 
0.838 

-0.22 
(-0.81, 0.37) 
0.460 

-1.29 
(-2.69, 0.10) 
0.070 

0.53 
(-0.08, 1.14) 
0.090 

0.38 
(-0.42, 1.18) 
0.347 

-0.30 
(-0.80, 0.21) 
0.253 

0.04 
(-0.31, 0.38) 
0.835 



Table 8.5: Significant predictors after multivariate regression with beta-
coefficients, confidence intervals and p-values for separate cidi-diagnoses and 
multimorbidity.  
 Significant predictors 

after multivariate 
regression analyses 

Beta-coefficients, 
confidence intervals, and 
p-values 

Depression Obstetric Optimality -0.08 (-0.13, -0.01)  
0.026 

Phobia Obstetric Optimality -0.07 (-0.15, 0.00)  
0.055 

Somatisation Martital state of the 
parents during pregnancy: 
not married 

2.80 (0.90, 4.71)  
0.004 

Alcohol abuse Male gender 1.31 (0.27, 2.35)  
0.013 

Substance use Male gender 
Low birth weight 

2.04 (0.39, 3.69) 0.015 
-1.39 (-2.21, -0.58)  
0.001 

Nicotine dependence - - 
Multimorbidity Obstetric Optimality -0.07 (-0.14, -0.006) 

0.030 
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Discussion 
 
This study illustrates, in a sample of 258 young adults, how the cluster coefficient 
can be used to quantify multimorbidity. It demonstrated that risk factors for 
multimorbidity differ from those for monomorbidity. Risk factors for 
multimorbidity may increase risk for separate disorders independently of whether 
one of them has developed already, but also by increasing the vulnerability for 
further disorders after a first one has been established.  
 
 
Strengths and limitations of the study 
 
This study dealt with a population born at a University Hospital in Groningen. 
This means that, compared to the general population, obstetric problems are 
overrepresented.10 Moreover, in our study group, subjects scoring in the lower and 
higher deciles of the Obstetric Optimality Score (OOS) were oversampled. This 
resulted in a less optimal mean perinatal condition of these 258 subjects than that 
of the remainder of the PPG-cohort. Although this can be considered an 
advantage for a study on associations between the perinatal situation and 
(multi)morbidity later on, the results can not simply be extrapolated to the general 
population.  
 Previous studies have shown links between low socio-economic status 
and increased risk of physical11 and mental problems.12 In 1975-78 deliveries in 
hospitals in the Netherlands were more common among women from lower socio-
economic strata.10 However, compared to the rest of the PPG-population, socio-
economic class was significantly higher in our study group.  
 A problem in determining occurrence rates of multimorbidity is its 
dependence on the number of disorders included in the calculation.13 Generally, 
the higher the number of disorders included, the higher the frequency of 
occurrence of multimorbidity. In psychiatry, the classification of disorders is less 
fixed than in somatic medicine1: in the Diagnostic and Statistic Manual of Mental 
Disorders (DSM) the number of psychiatric diagnoses increases with every new 
edition, thereby also increasing the potential for overlap between disorders. Like 
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Rose14, we believe that although the classification of patients in diagnostic 
categories is useful in clinical practice and in communication between researchers 
and doctors in different countries, it is important not to forget that these categories 
do not necessarily represent the full reality. In line with this, this study indicates 
that multimorbidity is more than a simple addition of the single disorders.  
 
 
Findings 
 
The obstetric optimality score was associated more strongly to isolated 
psychiatric disorders than any single specific obstetric factor: the obstetric 
optimality score was related to four of six isolated disorders ánd to 
multimorbidity. Thus, the OOS, which is based on common clinical experience 
and not on rigorous statistical methods such as factor analysis, seems to predict 
later psychiatric morbidity rather well. Furthermore, the optimality concept is 
easily applicable. It should be clear however, that in clinical use as well as in 
research an optimality list should never replace the separate recording of 
complications. Complications and clinical diagnoses on the one hand, and 
obstetrical optimality scores on the other, are complementary to each other and 
not mutually exclusive. 

As shown by the use of the cluster coefficient, multimorbidity in our 
study group occurred more frequently than expected on the basis of separate 
prevalences. On the other hand, fewer subjects than expected had one diagnosis 
only. This pattern applies in other surveys of psychiatric12 and of physical13 
multimorbidity as well, indicating that morbidity is more or less concentrated in a 
small group of unhealthy subjects. 
 Since prognosis is poor when disorders co-occur15, it is important to 
identify (early) risk factors for multimorbidity. In our study, separate perinatal 
risk factors were related to separate psychiatric diagnosos, but none of them were 
individually related to multimorbidity. The aggregated OOS however, was linked 
to multimorbidity: the more optimal the perinatal situation, the lower the risk for 
multimorbidity in young adulthood. Possibly, while isolated adverse perinatal 
events can make persons vulnerable for the development of isolated disorders, it 
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is the chain of adverse perinatal events that induces vulnerability for 
multimorbidity. This is in line with studies that showed associations between the 
chain of adverse perinatal events and cerebral palsy16 and the complex form of 
minor neurological dysfunction at school age.17   
 
Conclusions 
If the interest of multimorbidity research is on risk factors that make individuals 
prone to multiple health problems, the cluster coefficient is the preferred measure, 
since it can capture multimorbidity of any number of disorders and it controls for 
coincidental comorbidity. This study – using the cluster coefficient - showed that 
multimorbidity is related to chains of adverse perinatal events. An implication of 
this finding is that especially in cases where one thing goes wrong (e.g. the 
mother can’t stop smoking while pregnant), special attention should be given to 
other conditions to optimise the perinatal situation (e.g. encourage breastfeeding). 
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Clinical implications of the study: 
• The aggregated Obstetric Optimality Score predicts psychiatric morbidity 

in young adulthood rather well, and should complement the recording of 
single complications 

• Multimorbidity is more or less concentrated in a small group of unhealthy 
individuals, and its risk factors differ from risk factors for monomorbidity 

• Multimorbidity is related to chains of adverse pre- and perinatal events, 
and next to focusing solely on isolated early risk factors, primary and 
secondary prevention strategies should also take stock of the entire pre- 
and perinatal situation. 

 
 
Limitations of the study: 

• Compared to the general population, obstetric problems in our study are 
overrepresented. Therefore, results can not simply be extrapolated to the 
general population. 

• Occurrence rates of multimorbidity are dependent on the number of 
disorders included in the calculation. 

• Since our study group is rather small, further research with more subjects 
is warranted. 
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CHAPTER 9 

 
 

DICUSSION OF THE FINDINGS 
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Introduction 
 
The aim of this thesis was to study associations of the prenatal and perinatal 
situation with cognitive and psychiatric problems in later life. Individual as well 
as joint risk factors were assessed. In this chapter we discuss the findings 
concerning the relationship between, on the one hand, perinatal factors - in 
isolation as well as combined in a higher order obstetric optimality score - and, on 
the other hand,  behavioural and learning problems in childhood and psychiatric 
problems in young adulthood.  
 
 
Childhood behaviour  
 
Chapter 3 of the thesis indicated that internalising and externalising behaviour 
styles and attention problems in childhood have different prenatal and perinatal 
antecedents. While externalising behaviour and attention deficit were associated 
with maternal smoking during pregnancy, internalising behaviour was not related 
to maternal smoking but to factors like psychiatric illness of the mother during 
pregnancy and low parental socio-economic status. Chapter 6 showed that while 
externalising behaviour was linked to a suboptimal overall perinatal situation, 
internalising behaviour was not.  

Internalising and externalising behaviour styles and attention problems 
not only have different pre- and perinatal antecedents, their neurological 
correlates appear to be different as well. Chapter 5 indicated that externalising 
behaviour was related to coordination problems and choreiform dyskinesia. This 
points to dysfunctions in subcortical brain regions that are involved in the fine-
tuning of motor behaviour. Internalising behaviour on the other hand was 
associated with fine manipulative disability. This would suggest deficits in the 
frontal lobe, a part of the brain that may not reach maturity until late adolescence.1 
This may explain why internalising behaviour is less strongly related to prenatal 
and perinatal factors than externalising behaviour is: internalisation might 
represent a more slowly developing aspect of human behaviour and thus be more 
malleable by factors in later life. In line with this, further data analysis showed 
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that – in addition to the factors named in chapter 3: socio-economic status and 
maternal psychiatric illness during pregnancy – internalising behaviour was 
associated positively with anomalous family circumstances in childhood 
(“normal” versus single parent, foster parent or orphanage; regression coefficient  
= 0.35 (0.14, 0.56), p = 0.001), while externalising behaviour was not (rc = 0.08 (-
0.21, 0.38), p = 0.578). It could be argued that socio-economic status and 
maternal psychiatric illness may also exercise their influence during the course of 
the child’s life and not only in the perinatal period. An alternative explanation for 
the finding that internalising behaviour is less strongly related to prenatal and 
perinatal factors than externalising behaviour is is that the former may have a 
stronger genetic component.2    
 While internalising and externalising behaviour styles were related to 
specific neurological signs, signs of attention deficit were predominantly related 
to the total number of neurological dysfunctions. The finding that signs of 
attention deficit relate differently to neurological dysfunction than externalising 
behaviour does, is in accordance with DSM-IV3, which distinguishes between 
three forms of attention deficit hyperactivity disorder (ADHD): one in which 
attention problems dominate, one in which hyperactivity is the most important 
feature, and a combined form. Maternal smoking during pregnancy was 
associated more strongly with attention deficit than with externalising behaviour 
in childhood (chapter 3). Thus, the correlation often found between maternal 
smoking during pregnancy and the development of ADHD in offspring (e.g. 
Thapar4), might be attributable more to effects of maternal smoking on attention 
deficits than to its effects on hyperactivity. 

Hadders-Algra, Huisjes & Touwen5 showed that the presence of a 
relatively high number of separate neurological dysfunctions is strongly related to 
prenatal and perinatal adversities. Therefore, we expect that future research will 
uncover an association between the Obstetric Optimality Score (OOS) and 
attention problems in childhood that is stronger than that found in chapter 6 
between the OOS and childhood externalising behaviour. 
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Childhood school performance 
 
Study results in chapter 3 add to the growing evidence pointing to harmful effects 
of maternal smoking on later school performance in offspring. Chapter 4 
however, indicated that these detrimental effects of maternal smoking during 
pregnancy were concentrated in those children who had not been breast fed. This 
interaction is a clear illustration of one of the basic ideas behind the aggregated 
OOS score: different perinatal factors can counteract each other so that one 
optimal condition can compensate for another less favourable one.  
 Poor performance on school tasks was more strongly related to the total 
number of minor neurological dysfunctions than to specific types of dysfunction 
(chapter 5). This quantitative relationship or “mass effect” between neurological 
dysfunction and academic underachievement suggests that learning problems in 
children are the result of a rather diffuse dysfunction of the human brain: if more 
parts of the cortical and subcortical circuitries are affected, learning problems are 
more severe. Bearing in mind the finding of Hadders-Algra and colleagues5, 
showing that the presence of more neurological dysfunctions is strongly 
associated with pre- and perinatal adversities, we expect that prenatal and 
perinatal adversities play an important role in the genesis of learning problems.  
 
    
Temperaments in childhood and emotional problems and 
substance use in young adulthood 
 
Previous research has suggested that there is continuity between specific 
childhood temperaments and adult psychiatric disorders. One of the largest and 
most cited prospective longitudinal cohort studies on this subject, reported on by 
Caspi, Moffitt, Newman & Silva6, found that troublesome behaviour in childhood 
was a risk factor for substance use and antisocial personality disorders, whilst 
overly timid children were more likely to develop emotional disorders later on. 
 Our study did not confirm these findings. On the contrary, we found 
childhood internalising temperament to be related to more (in boys with more 
optimal obstetric circumstances) or less (in boys with less optimal obstetric 
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circumstances and in girls) substance use in young adulthood. Childhood 
externalisation was associated with an increased risk of emotional problems in 
young adulthood but in males only.  Possible explanations for the contrasts 
between our study and that of Caspi et alP

6
P are: 

• While Caspi et alP

6
P assessed childhood temperament when children were 

three years of age, in our study temperaments were assessed when 
subjects were 5.5 to 11 years old.  

• While in Caspi et al.P

6
P’s assessments were done by examiners who did not 

know the children, in our study parents and teachers were asked to assess 
the children.  

• Caspi et al.P

6
P employ a “typological” approach, which focuses on the 

configuration of multiple variables within a child and which defines 
different types of children (well-adjusted, undercontrolled, or inhibited). 
In contrast, in our study the relative position of subjects across a number 
of single variables was assessed (the typical format for questions to 
parents and teachers was: ‘Do you regard your child as more …, less … 
than other children, or don’t you see any difference?’) without any 
preconceived ideas about typologies that might be found. 

• Childhood behaviour styles assessments in the study by Caspi et al. P

6 

Pdiffered from those used in our study: Caspi et al. P

6
P defined 

externalising/undercontrolled as “impulsive, restless, negativistic, 
distractable, and labile”, while our externalisation principal component 
existed of only four features: irritable, hyperactive, difficult to handle, 
and headstrong. Though our internalising principal component (easily 
frightened, shy, and anxious) slightly resembled internalising/inhibited as 
defined by Caspi et al.P

6
P (socially reticent, fearful, and easily upset by 

strangers), they are not identical – this could also contribute for the 
differing study results. It should be noted that the constructs we have used 
for internalising and externalising behaviour were empirically derived 
(principal component analyses) and not developed from preconceived 
notions or expectations. 

• Finally, the endpoints in young adults were defined differently in the two 
studies.  While we focused on aggregated measures of emotional 



problems (encompassing depression, anxiety, and psychological distress) 
and substance use (including alcohol, drugs, and cigarettes), Caspi et al.6 
used DSM-III7 diagnoses as outcome categories. On the other hand, it 
should be noted that in the subgroup of 258 PPG-cohort members, who 
we interviewed using the CIDI8, no significant links either were found 
between childhood temperaments and DSM diagnoses in young 
adulthood. However, this absence of significant associations might also 
be due to lack of power caused by small sample size. 

 
Today numerous validated methods are available for assessing childhood 
temperament. In 1975 however, when both our study and that of Caspi et al.6 were 
started, fewer instruments were available and those that were, were relatively less-
developed. Further research with validated instruments for the assessment of 
childhood temperament is needed to study the true relationships between 
internalising and externalising childhood temperaments and emotional disorders 
and substance use in young adulthood.  
 
If our results reflect reality, the negative link between internalising behaviour in 
childhood and substance use in young adulthood can be interpreted in two ways, 
which are not mutually exclusive. Either internalising behaviour in childhood is 
not necessarily indicative of maladaptation, or substance use in young adulthood 
is not always necessarily problematic. As described in chapter 6, we prefer the 
latter interpretation. Substance use does not necessarily amount to misuse. Most 
subjects in our study were moderate substance users, and use of “hard” drugs was 
very rare. The finding that internalisation in males strongly predicted future 
substance use only in case of more optimal conditions around birth supports this 
hypothesis. Possibly a more optimal perinatal situation improves the ability of a 
person to tolerate alcohol, drugs, and nicotine, so that these drugs can easily be 
used to overcome shyness and anxiety. 
 The possible neurobiological background for the link between obstetric 
sub-optimality, male externalising behaviour in childhood, and emotional 
problems in young adulthood was described in chapter 6 of the thesis. A social 
explanation for the link between externalisation in childhood and emotional 

 
 

141



problems later on is also conceivable: possibly irritable, hyperactive, difficult, and 
headstrong behaviour evokes negative reactions of the social environment of the 
child, which in turn contribute to the development of emotional problems. The 
fact that this link only exists in male subjects could be due to the fact that boys are 
often subjected to harsher punishment than girls.9 Another possibility is that the 
externalising behaviour of boys is a sign of emotional trouble. Often, boys are not 
taught constructive ways to express their emotions9, and possibly they are more 
prone than girls to cope with their emotions by acting them out. If this last notion 
is true, then the link between male externalising behaviour in childhood and 
emotional problems in young adulthood actually indicates continuity! Whichever 
the mechanism, our findings indicate that extra attention should be given to boys 
who display externalising behaviour in childhood to prevent the development or 
worsening of emotional problems later on. 
 
 
Obstetric sub-optimality and emotional problems and 
substance use in young adolescence 
 
While the aggregated Obstetric Optimality Score, quantifying the situation around 
birth, was not directly linked to emotional problems in young adulthood as 
measured with questionnaires (chapter 6), it was related to DSM-diagnoses of 
depression and – borderline significant (p = 0.055) – phobia’s and anxiety 
disorders (chapter 8, table 5).  Considering the significant association between a 
lower OOS and multimorbidity (chapter 8) and the notion that multimorbidity can 
be viewed as an indicator of disease severity10,11 (see also chapter 10 of this 
thesis) this is not surprising: apparently a lower OOS score is only related to the 
more severe cases of depression (and phobia) as detected by CIDI-interviews.  
 With regard to substance use, the OOS was related to alcohol, drugs, and 
nicotine use as assessed with questionnaires (chapter 6), but - after multivariate 
analyses - not to DSM-diagnoses (chapter 8, table 5). This contrast can be 
explained by the qualitative difference between substance use and misuse. As we 
contended before, substance use does not necessarily amount to misuse and/or 
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dependence. While the latter points to pathology, moderate substance use doesn’t 
and might even be a healthy sign of socialisation12 (chapter 6). 
 
Combining the results obtained by the questionnaires and those generated by the 
CIDI-interviews, we can summarise that obstetric sub-optimality is related to 
severe emotional problems and to non-pathological substance use (less for girls 
and for boys with sub-optimal birth circumstances, more for boys with more 
optimal perinatal circumstances) in young adulthood.   
 
 
Obstetric sub-optimality and multimorbidity 
 
In our study (chapter 8), separate perinatal risk factors were related to separate 
psychiatric diagnoses, but none of them were individually related to 
multimorbidity. Multimorbidity on the other hand, was related to a lower OOS, 
but to none of the separate perinatal risk factors. After multivariate analyses, only 
multimorbidity and depression were significantly related to the OOS. This is in 
line with recent findings from the NEMESIS study13, a longitudinal community 
study in which 4796 adults were interviewed with the CIDI. Subjects with pure 
and comorbid disorders were compared and this indicated that comorbid cases 
were very similar to pure mood disorders on a number of predictor variables. De 
Graaf et al.13 explain this by stating that comorbid disorder and mood disorder are 
both usually more severe than other disorders, and may consequently have similar 
risk factor profiles. 

Chapter 8 of the thesis indicated that it is the chain of adverse perinatal 
events that induces vulnerability for severe psychiatric morbidity. While specific 
prenatal or perinatal adversities may cause specific types of neurological 
dysfunctions and specific behaviour problems (for example, as shown in chapter 
3, maternal smoking might affect regions of the brain that may be specifically  
related to the development of externalising disorders), chains of prenatal and 
perinatal adversities possibly affect more parts of cortical and subcortical 
circuitries so that the individual concerned is rendered vulnerable for all manner 
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of common mental disorders and substance addictions, and, therefore, 
multimorbidity.  

This hypothesis is in line with studies showing associations of chains of 
adverse perinatal events with cerebral palsy14 and the complex form of minor 
neurological dysfunction at school age.15 It also fits with the finding that mentally 
ill individuals with neurological deficits have psychiatric symptoms that are more 
chronic, more intense, and less treatable compared to the symptoms of people 
without neurological deficits.16 More research is warranted to investigate the 
possible links between:  

 
chains of adverse perinatal events -> diffuse neurological dysfunction -> 
multimorbidity.  
 
Since multimorbidity is frequent and associated with poor prognosis, lower 
quality of life, work and social impairment, suicide attempt, and higher service 
utilization10,13,17,18, it is important to learn more about its aetiology.  
 
 
Difficult birth, difficult life? 
 
The question asked in the title of this thesis can be answered with “Yes”. The 
results of the studies we performed indicate that there indeed are associations 
between negative prenatal and perinatal circumstances and cognitive, behavioural, 
and emotional problems in later life. However, having answered the question 
affirmatively we remain faced with many uncertainties concerning the nature 
(genetic, biological, psychological, social) and clinical implications of this 
continuity and whether it can be modified. The finding that breastfeeding limits 
the negative consequences of maternal smoking during pregnancy suggests that 
interventions could successfully be developed to improve persons’ chance of a 
healthier life than might have been expected on the basis of the problems that 
surrounded his or her birth .  
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CHAPTER 10 
 
 

THEORETICAL DISCUSSION OF THE 
CONCEPT OF PSYCHIATRIC 

MULTIMORBIDITY 
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Introduction 
 
Chapters seven and eight of the thesis showed that multimorbidity occurs more 
frequently than can be expected on the basis of separate prevalences and that this 
obtains in particular for combinations of more than two disorders. This pattern has 
been observed also in other surveys and is independent of the types of disorders 
considered.1-3 Moreover, risk factors for multimorbidity seem to differ from those 
for monomorbidity and this notion challenges some traditional views on aetiology 
of disorders in the field of psychiatry. In this section of the thesis the definitions 
of comorbidity and multimorbidity are re-examined. Two complementary models 
are described which could account for the concentration of several psychiatric 
syndromes within individuals: the disorder-mediated model and the person-linked 
model. It will be argued that the aetiology of psychiatric morbidity can only be 
sufficiently understood when research focuses on disorders as well as on persons.  
 
 
Comorbidity versus multimorbidity 
 
The term comorbidity was first used in 1970 by Feinstein4, who was concerned with 
chronic somatic disease. From 1980 onwards comorbid occurrence of disorders also 
became a prominent topic of research and speculation in the psychiatric field. The 
ten-year delay is probably linked with the publication in that year of the third edition 
of the Diagnostic and Statistical Manual of Mental Disorders5 which illustrated the 
extent to which psychiatric syndromes tend to overlap. Feinstein4 used the term 
comorbidity to indicate that a certain index disorder was accompanied by one or 
more other conditions. This definition implies that the main interest is on the index 
condition and on the effects other conditions may have on it. 

More recently, the term multimorbidity was introduced in chronic disease 
epidemiology to refer to any co-occurrence of two or more medical conditions 
within a person.6 Herewith, the interest shifted from a given index condition to 
individuals who suffer from multiple disorders. The term multimorbidity is gaining 
wide acceptance in literature concerning somatics, but is hardly used in psychiatric 
research publications. Still, many aspects of psychiatric research on comorbidity 
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actually concern multimorbidity: over 14% of respondents in the US National 
comorbidity Survey had a life time history of three or more different psychiatric 
disorders.P

7
P
 

Since the definition of psychiatric multimorbidity (any co-occurrence of two 
or more psychiatric disorders within a person) captures that of comorbidity, we will 
use the term multimorbidity in the rest of this chapter. 
 
 
Episode versus lifetime multimorbidity 
 
Feinstein’sP

4
P original comorbidity concept referred to what is now known as episode 

co- or multimorbidity: the occurrence of more than one disorder within the same 
person in a specific time span. Mostly this time span refers to a period of one to 
twelve months. This definition still lies – explicitly but most often implicitly – at the 
basis of most research on this topic. However, KesslerP

1
P pointed out that this episode 

multimorbidity should be distinguished from lifetime multimorbidity, the latter term 
referring to the occurrence of more than one disorder in a person’s whole life. 
Episode multimorbidity implies lifetime multimorbidity, but the reverse is not true, 
and the estimate of the first approaches the second if the episode is long enough.  
 In 1998, Ravelli et al.P

3
P carried out a random sample survey of the Dutch 

population. They found that about one third of all psychiatric morbidity over a period 
of one to twelve months involved more than one disorder: episode multimorbidity. 
The percentage of lifetime multimorbidity, of course, is higher: almost fifty percent. 
This means, as Kessler and coworkersP

7
P argued, that psychiatric disorders concentrate 

in a small group of individuals, and that they are not randomly spread across the 
population. If disorders co-occur, the prognosis for the separate disorders is 
unfavourable.P

1,3
P The predictive value of lifetime multimorbidity, however, is unclear. 

Besides, the implications of lifetime comorbidity for the costs of health services 
remain obscure, because it is not known whether a fixed number of psychiatric 
disorders cost the society more or less when they concentrate in a small -extremely 
affected - part of the population.  
 In psychiatric epidemiology, research has focused more on episode than on 
lifetime multimorbidity. This may be because valid lifetime data are harder to come 



by, but also because, for those whose goal is refinement of diagnostic classification 
schemes, more information can be gleaned from disorders which overlap in time 
than from the life-history of individuals who suffered multiple disorders over time 
but never simultaneously. The focus on co-occurrence of disorders in short periods 
rather than in persons, indicates that psychiatry’s interest in multimorbidity has been 
primarily disorder-driven. 
 
 
Concurrent and cluster multimorbidity 
 
A second distinction often made is between concurrent and cluster multimorbidity or 
independent and dependent multimorbidity.8 The former type arises merely by 
chance and occurs at a prevalence which equals the product of the rates of the 
individual scores. When disorders co-occur at rates which are higher than 
expected, they are said to be dependent or to cluster. Disorders may cluster 
because the presence of one disorder increases the risk of others developing 
(prognostic multimorbidity) or because the separate conditions share parts of their 
aetiology (pathogenic multimorbidity). The distinction between concurrent and 
clustering multimorbidity also has large implications for clinical practice and 
public health, but studies of psychiatric multimorbidity only rarely address it.  

In chapter 7 of the thesis we introduced a measure to study cluster 
multimorbidity: the cluster coefficient (CC). The CC is an alternative for odds and 
risk ratio’s, which – in contrast to the last named measures - can capture 
multimorbidity of more than two disorders and does not confound clustering with 
coicidental comorbidity. We contended that odds and risk ratios are well suited 
for multimorbidity research which focuses on which sets of disorders tend to 
occur in combination and the implications of this for, for instance, nosological 
classification. However, the CC is to be preferred if the interest is more 
aetiological, addressing for example why certain individuals are prone to multiple 
psychiatric problems. 
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Multimorbidity: an air bubble? 
 
In order to determine psychiatric morbidity classification schemes like the DSM are 
used. An advantage of such a classification scheme is its usefulness in clinical 
practice: different psychiatric syndromes need different treatments. Moreover, 
labelling of psychiatric illnesses is necessary for a patient to declare the costs of a 
treatment at an assurance company. Finally, an international accepted classification 
scheme promotes communication between researchers and doctors in different 
countries. 
  However, systems like the DSM also have disadvantages. For example, the 
categories of DSM are neither exclusive nor exhaustive.9  Further, illness is a gradual 
as opposed to case/no case- phenomenon. Moreover, emotional and behavioural 
symptoms can form meaningful patterns without being part of an existing disorder or 
syndrome.10 According to Rose11 the mistake people make is not the classification of 
patients in useful dichotome categories, but to forget that these do no represent the 
full reality. Reality is continuous and the difference between psychiatric illness and 
psychiatric health is quantitative. These arguments are of importance for the subject 
multimorbidity. Namely, the rise in multimorbid cases in recent years can partly be 
explained by the raise in the number of diagnostic categories in the DSM.3 It is even 
possible to state that multimorbidity exists because diagnostic categories exist.12 
However, if dichotomous categories are imaginary, what is left of multimorbidity as 
defined above?   
 
 
Multimorbidity: an indication of severity 
 
It is feasible and, in our view, wise to consider the concentration of several 
psychiatric disorders within individuals as an indication of the severity of psychiatric 
illness. Other, better known indications of disease severity is the chronicity and the 
duration of symptoms and the degree in which they invalidate a person. In the past, 
the diversity of symptoms has hardly ever been considered when determining the 
severity of psychiatric morbidity. And yet, especially when psychiatric disorders co-
occur, the prognosis is poor.1,3,7 Besides, an individual can be severely ill and not 
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meet the diagnostic criteria for any specific disorder. For instance, a person can be 
slightly depressed, slightly fearful, ánd drink too much alcohol. However, he or she 
may not meet criteria for any disorder in isolation because the symptoms are not 
chronic or intense enough to meet the diagnostic criteria for any specific psychiatric 
disorder. Such a person is severely ill, but this remains unrecognised by experts 
working with classification systems like the DSM5 or the ICD.13 
  In the next section we are going to discuss models that are used to explain 
multimorbidity. The first - the disorder-mediated model - is best used to explain 
episode multimorbidity and is a direct consequence of one of the basic assumptions 
underlying DSM – that disorders have largely non-overlapping aetiologies. The 
person linked model accounts better for lifetime multimorbidity.   
 
 
The models 
 
A case 
 
A 25-year old single woman, with a difficult birth, has a history Oppositional 
Defiant Disorder at the age of 9 following her grandmothers’ death. The problem 
resolved within a year. Well until the age of 21, she developed a major depression 
following a relationship break-up. This was soon complicated by an alcohol 
dependency syndrome, for which residential treatment became necessary by her 
25th year. 
 
 
The disorder-mediated model 
 
According to this model, disorders co-occur because disorders can cause, 
precipitate or maintain one another. Depression may increase the risk of substance 
or alcohol abuse, which in turn may maintain the depression. At face value this 
model explains the co-occurrence of substance abuse and depression in cases such 
as described. However, it fails to explain why depression is complicated by 
alcohol abuse in some but not in other cases and leaves the lifetime history of 

 
 

153



obstetric complications and conduct disorder unaccounted for. In general, 
disorder-mediated models account better for episode than for lifetime 
multimorbidity. 
 
 
The person-linked model 
 
Person-linked models have in common that various - seemingly distinct - 
disorders may have risk factors in common. Thus, the occurrence over a lifetime 
of 25 years of a conduct disorder, a depression, and an alcohol dependency could 
reflect the presence of a generic vulnerability of which the perinatal complications 
might be an expression or a contributory cause. Applied in its pure form, the 
person-linked model states that in the case described, the risk of substance abuse 
would have been elevated irrespective of whether she had developed depression 
or not. 
 
 
The history of the models 
 
The person-linked model 
 
The concept of the person-linked model is not new. For example, the term unitary 
psychosis is a collective name adopted to refer to psychotic manifestations all 
though to relate to one underlying vulnerability factor.14,15 An important 
assumption in this view is that diagnoses – man-made arbitrary categories -are 
always unstable in the long term. This corresponds to the person-focused (as 
opposed to disorder-focused) thinking within holistic medicine, a movement 
which arose at the end of the previous century.16 Within this movement attempts 
were made to diagnose and treat patients against the background of their personal 
history and pattern of disorders, instead of solely looking at sick organs or 
disorder-specific psycho-dynamic conflicts. 
 A more recent example of person-linked thinking in the history of 
psychiatry is the hierarchical model of Graham Foulds.17-19 Foulds described 
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personal illness as a condition in which the functions that make a person a person 
are partly or completely disturbed and in which these disturbances are judged as 
problematic by persons themselves or by their acquaintances. The degree of 
disintegration of the personality determines how sick a person is. On the basis of 
this idea, Foulds developed a hierarchy of four symptom classes: 

1. dysthymic states: encompassing changes in affect like anxiety, 
depressive, and manic states 

2. neurotic symptoms: including conversion, dissociative, and phobic 
symptoms, and symptoms of obsession and compulsion           

3. delusional symptoms: encompassing paranoia, megalomania, and 
delusions of guilt 

4. disintegration: the sense of the self is lost and the person feels as if he or 
she is controlled by something or someone else. 

Foulds claimed that patients with symptoms at the higher level of this hierarchy 
exhibit symptoms at all lower levels as well.   
 
 
The disorder-mediated model  
 
While the person-linked model focuses on the individual patient, the disorder-
mediated model focuses on the disease; diseases are subdivided in discrete 
categories and whether a person is or is not diagnosed with a particular disorder 
depends on the number and duration of symptoms. According to the DSMIV-
criteria, for example, a person is diagnosed as depressed if he or she feels 
depressed for at least two weeks (duration) and if he or she has at least four 
additional symptoms (number). 
 At the beginning of the nineteenth century the medical profession 
gradually recognised that different diseases need different treatments.20 Benefits 
in medicine of improved diagnostics and classification schemes, led psychiatric 
researchers of those days (e.g. Emil Kraepelin) to search also for classification 
schemes for psychiatric illnesses. For a long time these classification trials were 
inconsistent and hardly recognised, but a reasonable world-wide consensus 
existed for the third version of DSM.5
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Conclusion  
 
In conclusion, multimorbidity exists because classification schemes exist. 
Classification schemes like the DSM however, though useful in clinical practice, are 
artificial and do not represent the full reality. Reality is continuous and the 
differences between psychiatric illness and psychiatric health and between different 
psychiatric diagnostic categories are quantitative. Therefore, we contended that 
multimorbidity should be viewed as an indicator of disease severity.  
  Ideally, the focus of future psychiatric research should be on psychiatric 
symptoms as opposed to syndromes. As Garnefski10 argued, emotional and 
behavioural symptoms can form meaningful patterns without being part of an 
existing DSM-disorder. Thus, an individual can be severely ill and yet not meet the 
diagnostic criteria for any specific disorder. 
  We can assume that disease severity has a continuous distribution in the 
population: individuals who are completely at the right of the distribution curve are 
most severely ill. What makes these people vulnerable for multiple psychiatric 
problems? In chapter 8 it was shown that it is a chain of pre- and perinatal adversities 
what makes people vulnerable for multimorbidity. There can be various other 
reasons for the development of such vulnerability, both inside (e.g. genetic 
constitution) and outside (e.g. traumatic life events) a person. Since risk factors for 
monomorbidity differ from those for multimorbidity, researchers within the field of 
psychiatric epidemiology should no longer look solely for risk factors for specific 
diseases. More research should focus on risk factors which make people vulnerable 
for severe psychiatric morbidity. A return to person-focused thinking, as within the 
holistic movement, should complement the focus on diseases of the last decades.  
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CHAPTER 11 
 
 

IMPLICATIONS 
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Implications for clinical practice 

 
The results of the study described in chapter 3 add to the growing body of 
evidence suggesting causal links between maternal smoking during pregnancy 
and increased rates of externalising behaviour and school problems in offspring. 
Furthermore, maternal smoking after the child’s birth increases the risk of 
academic underachievement. Therefore, obstetricians and midwives, as well as 
public health officials, should continue to emphasise, in their health education 
activities, the health hazards of nicotine use by pregnant women and mothers. 
Chapter 4 indicates that obnoxious effects of maternal smoking on children’s 
cognitive performance are concentrated in those children who had not been breast 
fed. Apparently, breast feeding counteracts or reverses negative consequences of 
maternal smoking on the child whilst in utero. So, apart from encouraging 
(future) mothers to quit smoking, they should be encouraged to breast feed.  
 
Externalising, i.e. “rough and tumble” boys, in chapter 6, are at increased risk of 
developing emotional problems later on. According to Kindlon & Thompson1 
adults focus too much on boys’ obvious visible actions. Whilst noticing boys’ 
behaviours, parents, teachers, and clinicians may thus overlook any underlying 
emotional problems. It is important that adults should learn to recognise possible 
emotional problems that may underlie overboisterous behaviour in boys, in order 
to be able to help them through their difficulties and prevent the development of 
adult mental illness. 
 
Chapters 7 and 8 demonstrate that multimorbidity occurs more frequently than 
expected on the basis of separate prevalences: mental disorders do not distribute 
themselves at random but cluster together. This phenomenon is in line with other 
studies of adult clinical and community samples that have consistently shown that 
multimorbidity is rule rather than the exception.2  

In our study, women were more likely than men to suffer from one or two 
disorders (26.9% versus 19.5%, chapter 2, table 2.7b), while men more often had 
three or more psychiatric disorders (6.2% versus 1.6%). It may be that the 
threshold for manifest disorder lies higher in men than women but, once the 
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threshold is passed, males tend to be more unwell than women. Thus, when 
treating patients for a single disorder, clinicians should always be aware of the 
likely presence of more disorders or symptoms, especially in male patients. They 
should also be aware of the notion that emotional and behavioural symptoms can 
form meaningful patterns without being part of an existing DSM disorder or 
syndrome.3 In other words, the formulation of a diagnosis should never detract 
from the context in which it occurs, i.e. the person that is affected by the 
psychiatric illness. 
  
Chapter 8 of the thesis showed that multimorbidity is related to a chain or 
constellation of adverse pre- and perinatal events. Therefore, primary and 
secondary prevention strategies should not focus exclusively on single isolated 
early risk factors, but also take into account the entire prenatal and perinatal 
situation in all its complexities. In particular, when one or more sub-optimal 
conditions have been identified, the question should arise whether or not their 
effects may be counteracted (or reinforced!) by other circumstances during 
pregnancy, labour, birth and/or the early postnatal period. 
 
  
Implications for research and recommendations for further 
study 
 
In chapters 3 and 4, we studied the impact on childhood behaviour and school 
performance of a single risk factor, viz maternal smoking during pregnancy, 
whilst adjusting for confounders like breast or bottle feeding, socio-economic 
status, paternal smoking, and many more. It can not be excluded however, that 
some other factors not included in our study, affect both maternal smoking during 
pregnancy and behavioural / emotional / academic endpoints during childhood. 
For example, we were unable to control for maternal personality, alcohol and 
caffeine use during pregnancy, and parental skills. Future research should take 
these possible confounders into account when studying the impact of maternal 
smoking during pregnancy on offspring. 
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Likewise, although the Obstetric Optimality Score (OOS) is an elaborate 
quantification of perinatal circumstances, some important factors, like those 
mentioned above, were not included. Since the OOS appears to predict psychiatric 
morbidity twenty years later rather well (chapter 8), it would be worthwhile 
attempting to further improve the optimality score by supplementing it with 
important items, including those of current elaborate obstetrical tests.  
 
The highly significant interactions, described in chapter 4, between the effects of 
maternal smoking during pregnancy and breastfeeding on reading, spelling, and 
arithmetic performance of offspring, is a finding with important practical 
implications. However, the mechanism underlying this interaction is still unclear. 
Women who breast feed their child may differ from women who do not, on 
factors related to the child’s school performance (e.g. maternal IQ). Alternatively, 
psychological aspects of breastfeeding may play a part. Lastly, features of breast 
milk itself, like high concentrations of long chain polyunsaturated fatty acids, may 
do more good for the human brain than nicotine does harm. These explanations 
have different practical implications. For example, if it is the psychological aspect 
of breastfeeding that affects cognitive development in a positive manner, mothers 
who bottle feed should be encouraged to cuddle and hold the child closely while 
feeding. However, if it is the features of breast milk itself that positively affect 
early brain development, (nicotine addicted) mothers, with the help of clinicians, 
should be encouraged very strongly to give their child breast milk. For these 
reasons, more research is warranted to unravel why breast feeding counteracts the 
harmful effects of maternal smoking during pregnancy on the foetus. 
 
Childhood temperament at the level of specific diagnoses was not the focus of our 
study. Validated assessments of child behaviour and emotion, like the child 
behaviour check list (CBCL), were not available in the Netherlands at the time 
our first follow-up investigation was started.4  Further research is warranted to 
establish whether internalising and externalising behaviour problems at the 
syndromal level (and not only the level of single symptoms) are related to a sub-
optimal obstetric situation, neurological dysfunction in childhood, and emotional 
problems and substance use in young adulthood. 
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Multimorbidity is concentrated in a small group of unhealthy individuals, and its 
aetiology probably differs from that of monomorbidity (chapter 8). More research 
should focus on which types of individuals are prone to multimorbidity rather 
than on the exact diagnoses involved. The cluster coefficient, introduced in 
chapter 7, is well suited for this type of research since it can capture 
multimorbidity of any number of disorders and it does not confound clustering 
with coincidental multimorbidity. We have demonstrated in this thesis that 
obstetric suboptimality is an example of a risk factor for multimorbidity even 
without conferring risk for separate syndromes.  
 
Chapter 2, table 2.7b, showed that, in the preceding 12 months, men more often 
than women had been free from psychiatric disease (74.2% versus 71.5%). 
However, íf men got mentally ill they were more likely than women to develop 3 
or more disorders. The notion that the threshold for manifest disorder lies higher 
in men than women but, once the threshold is passed, males tend to be more 
unwell than women, has implications for research as well as for clinical practice. 
Since the subsample in which we studied the prevalence of multimorbidity was 
rather small (n = 258), further research with more subjects is warranted to verify 
the gender differences in multimorbidity distributions reported in the present 
study. Furthermore, future research on risk factors for multimorbidity should take 
this possible gender difference into account. 
 
In chapter 10 we proposed to consider the concentration of several psychiatric 
disorders within individuals as an indication of the severity of psychiatric illness. 
Other, better known indications of disease severity are the chronicity and the 
duration of symptoms and the degree in which they invalidate a person. Disease 
severity then can be viewed as a complex combination of the intensity, the 
chronicity, the invalidating effects ánd the diversity of symptoms. Extensive 
clinimetric research is necessary to develop this idea of a “severity-index” further5, 
encompassing the named indices of disease severity. After that, possible risk factors 
for severe psychiatric disease, like a sub-optimal perinatal situation, can be studied 
with better effect than is possible now given the narrowly defined syndromes 
researchers have to make do with.6
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CHAPTER 12 
 

STRENGTHS AND LIMITATIONS OF 

THE STUDY 
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Strengths 
 
Longitudinal, prospective cohort studies offer a number of advantages for 
evaluating associations between birth conditions and future mental healthP

1,2
P: 

• the temporal sequence of relationships can be determined more clearly 
than in other types of studies 

• cohort studies allow for the examination of multiple effects of different 
predictive variables 

• the potential risk for selection bias, a particular concern in case-control 
studies, is minimized 

• in a prospective investigation, exposure variables (independent variables, 
confounders) can often be assessed directly, for example by questioning 
the participants themselves: this minimizes recall-biases   

• exposure variables are assessed at a moment when the relevant outcome 
status has not occurred yet; therefore, measuring errors are non-
systematic and independent of future health status, thus minimizing 
information bias with regard to the assessment of exposure variables. 

In terms of validity and reliability, longitudinal cohort studies are next best apart 
from experiments. 
 
A strong feature of our study in particular is that prenatal and perinatal factors 
were documented in great detail. They included extensive data on social 
background, past pregnancies, present pregnancy, parturition, and the child’s 
immediate postnatal condition. Therefore, we were able to control for many 
possible confounders when assessing the impact of an isolated risk factor (e.g. 
maternal smoking) and to take many factors into account when evaluating the 
impact of the overall perinatal situation. Re-assessment at school-age was also 
extensive: it consisted not only of detailed neurological examination, but of 
behavioural questionnaires and school-performance tests as well. Finally, the 
follow-up in young adulthood comprised a comprehensive self-report 
questionnaire, including items on sociodemographic variables, mental health, 
(perceived) physical health, and questions about alcohol, cigarette and drug use in 



the preceding month and year. A subgroup was selected for a psychiatric 
diagnostic interview. 
 Full data for the three age brackets (perinatal, primary school age, and 
young adulthood) were available from a group of 682 PPG-members. This 
enabled us to assess longitudinal associations and to control for many perinatal, 
psychosocial, and health variables. The present study is a continuation of PPG as 
a large-scale study of longitudinal development in the Netherlands.  
 
Most epidemiological studies on the impact of birth conditions on future mental 
health to date have focused on specific obstetric complications. A third strength of 
our study is that it takes into account the complete prenatal and perinatal situation, 
operationalised with the Obstetric Optimality Score (OOS). Previous research has 
shown that the effect of a particular complication is stronger when the optimality 
score is relatively low, i.e. when many conditions were non-optimal.3 We showed 
that the OOS, although based on clinical experience and not on rigorous statistical 
research, is a strong predictor of future mental health. This finding supports the 
clinical impression that complications do not usually operate as risk factors if they 
occur in splendid isolation. Furthermore, the optimality concept is easily 
applicable. We do not contend that an optimality list should replace the separate 
recording of complications in clinical use or in research. However, the OOS could 
be used as a complementary measure next to isolated complications and clinical 
diagnoses. 
 
Many epidemiological studies to date on the impact of birth conditions on future 
mental health have focused not only on specific complications as predictors, but 
also on specific isolated disorders as outcome variables. However, as Ravelli et 
al.4 and Kessler5 showed, isolated disorders are relatively rare, and multimorbidity 
is a frequently occurring phenomenon. In most major reports on multimorbidity, 
like the National Comorbidity Survey6, the OPCS Survey of Psychiatric 
Morbidity7, the Dutch NEMESIS study8,9 and others, the focus is on the co-
occurrence of two disorders, and comorbidity is quantified with odds ratios. 
However, as is shown in chapter 7 of this thesis, multimorbidity occurs more 
frequently than expected particularly for combinations of three disorders or more. 
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Therefore, it is important to study the prevalence of multimorbidity and its risk 
factors. In this thesis, a new measure, already known from research on chronic 
disease10, was introduced to quantify psychiatric multimorbidity: the cluster 
coefficient (CC). While odds ratios can express comorbidity of no more than two 
disorders, CC’s can capture multimorbidity of any number of disorders. 
Moreover, while odds ratios confound clustering with coincidental comorbidity, 
CC’s provide a pure estimate of clustering, which is the proportion of the 
association between disorders that is of aetiological interest. Again, we do not 
contend that the use of odds ratios should be replaced by the use of cluster 
coefficients. The former are well suited for comorbidity research that focuses on 
which sets of disorders tend to occur in combination. However, if the interest is 
more aetiological, addressing for example why certain individuals are prone to 
multiple psychiatric problems, it is important that a clear separation is made 
between coincidental and cluster comorbidity, and the cluster coefficient can help 
with that distinction. 
 
 
Limitations 
 
There are also some limitations. First, the extent to which the results presented in 
this thesis can be generalised is limited. Firstly because the study dealt with a 
population born at a University Hospital in Groningen, in which obstetric 
morbidity is overrepresented. Secondly, the subcohort studied at school age (5.5-
11 years old) consisted of four distinct but overlapping cohorts selected according 
to different characteristics, like ritodrine use of the mother during pregnancy and 
minor neurological dysfunction of the child at school age, so obstetric and 
neurological morbidity were oversampled. Lastly, while attrition was limited 
during the first follow up (7.2% of the teachers’ and 0.3% of the parents’ scoring 
were missing), almost 40% of the original cohort was lost to follow up in young 
adolescence. Especially cohort members who were not followed up during 
childhood were difficult to locate. Obviously, over time it is increasingly difficult 
to find subjects and 20 years is a long time. Cohort members changed addresses, 
changed names (through marriage), and even when located they did not always 
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wish to cooperate with the study. This obviously raises doubts about the validity 
of the study results. Those cohort members who agreed to participate to the 
second follow-up are likely to differ from nonparticipants in a number of 
important ways, such as basic levels of motivation and attitudes toward health.2 A 
positive finding in the studied population would not preclude the possibility that 
such a link would not exist, or that it might exist to a different degree, among the 
group of nonresponders. As was shown in chapter 2 (table 2.2), obstetric 
conditions of participants were less optimal compared to non-participants, while 
socio-economic status was somewhat higher. However, the true relationship 
between predictor variables and outcome variables will be biased only if 
nonresponse is related to both risk factors and the outcome under study. It could 
be argued that in our study nonresponse is related to better ór to worse physical 
health of cohort members. Young adolescents who spend more time at home 
because of health problems may have more time to complete questionnaires ór, 
alternatively, may be less motivated to do so. Physical health may be related to 
the predictive OOS-variable as well as to outcome variables regarding mental 
health. 
 For these reasons the results of the studies presented in this thesis can not 
be extrapolated to the general population without caution. However, the links 
found within the cohort are not therefore necessarily invalidated.  
 
Second, it can not be excluded that, although we adjusted for many confounders, 
some other factors not included in our study, affect both predictive variables and 
outcome variables in the studied population. For example, we were unable to 
control for maternal personality, a factor which is likely to influence some of our 
outcome variables as well as our independent variables.  
 
In this thesis the presence of behavioural problems during the first follow up was 
assessed only with short questionnaires completed by parents and teachers, whose 
perceptions – though from the child’s most important living environments - of 
course are not entirely objective. Also, psychiatric morbidity at the level of 
specific diagnoses was not an explicit focus of the questionnaires. Further 
research is warranted to examine whether internalising and externalising 
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behaviour problems at the syndromal level are related to a sub-optimal obstetric 
situation, neurological dysfunction in childhood, and emotional problems and 
substance use in young adulthood. 
 
Fourth, the second follow-up consisted of self-report measures, which are subject 
to biases on the part of the subject. People are likely to place themselves in the 
best possible light. This tendency, referred to as social desirability, has been 
shown to be extremely pervasive even on anonymous self-report measures.11

 
A fifth weak point of our study is the questionable validity of the Obstetric 
Optimality Score. The OOS is based on clinical experience and not on statistical 
research such as factor analysis. Moreover, the OOS was developed in the late 
seventies and elements of it may be out of date because of new insights in the 
field of obstetrics. However, as was shown in chapter 8, the by now antiquated 
and intuitive OOS predicted psychiatric morbidity twenty years later rather well. 
Therefore, updating the OOS or developing new aggregated measures to quantify 
the complex process surrounding pregnancy and delivery, could be a worthwhile 
endeavour.  
 
Lastly, when determining occurrence rates of multimorbidity a problem is its 
dependence on the number of disorders included in the calculation.10 Generally, 
the higher the number of disorders included, the higher the frequency of 
occurrence of multimorbidity. In psychiatry, the number of psychiatric diagnoses 
increases with every new edition of the DSM thereby also increasing the potential 
for multimorbidity. 
 
Table 12.1 summarizes the strengths and limitations mentioned above. Other, 
more specific strong and weak points of the studies that form part of this thesis 
are described in the chapters in question. 
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Table 12.1 Strengths and limitations of the study presented in this thesis 
Strengths Limitations 

• good validity and reliability of 
longitudinal prospective studies 
in general 

• extensive and detailed 
information at three age 
brackets 

• quantification of the complete 
prenatal and perinatal situation 
with the OOS 

• quantification of multimorbidity 
with the cluster coefficient 

• focus on disorders ánd persons 

• limited generizability due to 
attrition and oversampling 
obstetric and neurological 
morbidity 

• possible confounders not 
controlled for 

• behaviour assessment in 
childhood not with validated 
instruments 

• disadvantages self-report 
• OOS norms fit obstetrics of the 

seventies and eighties and need 
an update 

• dependence multimorbidity on 
number of disorders studied  
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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 

 
 

180



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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SAMENVATTING 
 
Het doel van dit proefschrift is het onderzoeken van de associaties tussen 
prenatale en perinatale omstandigheden enerzijds en cognitieve en psychiatrische 
problemen op latere leeftijd anderzijds. Zowel individuele als geaggregeerde 
risico factoren voor zowel mono- als multimorbiditeit worden onderzocht. 
 De introductie beschrijft het doel en de inhoud van het proefschrift. 
Hoofdstuk twee behandelt de methoden van onderzoek en begint met een 
beschrijving van het Perinataal Project Groningen (PPG), een geboortecohort dat 
29 jaar geleden opgezet werd om associaties tussen pre- en perinatale factoren 
enerzijds en de postnatale conditie van de kinderen anderzijds te onderzoeken. 
Vervolgens worden in dit hoofdstuk de voorspellende en de afhankelijke 
variabelen en de sampling procedures gedetailleerd beschreven. Speciale aandacht 
wordt gegeven aan de Obstetrische Optimaliteits Score (OOS) en de rationele 
achter deze geaggregeerde maat van geboorteomstandigheden. Het idee is als 
volgt. Zwangerschap en bevalling zijn complexe processen, en obstetrisch 
complicaties (OC) komen zelden in isolatie voor; meestal wordt een OC 
vergezeld of gevolgd door een aantal andere. Bovendien kunnen optimale 
perinatale condities soms compenseren voor andere, minder optimale, factoren. 
Om deze redenen introduceerden Prechtl en Touwen begin jaren tachtig de OOS: 
een lijst van 74 items welke samen een zo totaal mogelijk beeld geven van de pre- 
en perinatale condities van moeder en kind (zie ook Appendix). Voor ieder item 
werd een optimum gedefinieerd. Voor iedere optimale conditie werd een punt 
toegekend, leidend tot een totale score tussen de 0 (minst optimaal) en 74 (meest 
optimaal). 
 In hoofdstuk 3 worden de effecten van één prenatale risico factor, 
namelijk het roken van de moeder tijdens de zwangerschap, op de schoolprestaties 
en emotionele en gedragsproblemen in de kindertijd onderzocht. Na controle voor 
significante confounders als sociaal economische status en roken van de vader, 
bleken kinderen van moeders die hadden gerookt tijdens de zwangerschap 
slechter te presteren op reken- en spellingstesten, meer aandachtsproblemen te 
hebben, en meer externaliserend gedrag te vertonen dan kinderen van moeders die 
niet hadden gerookt tijdens de zwangerschap. Internaliserend gedrag was niet 
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gerelateerd aan het roken van de moeder maar aan factoren als lage sociaal 
economische status en psychiatrische problemen van de moeder tijdens de 
zwangerschap. Dus, pre- en perinatale antecedenten van internaliserend gedrag 
verschillen van die van externaliserend gedrag, aandachtsproblemen, en 
leermoeilijkheden.  

Hoofdstuk 4 illustreert hoe afzonderlijke pre- en perinatale factoren voor 
elkaar kunnen compenseren: in een subgroep van het PPG-cohort werden alleen 
significante verbanden tussen roken tijdens de zwangerschap en lagere 
schoolprestaties gevonden bij kinderen die geen borstvoeding hadden gehad. 
Moedermelk, met haar gezonde ingrediënten als lange keten onverzadigde 
vertzuren, heeft een positief effect op de foetus en compenseert mogelijk voor de 
schadelijke effecten van roken tijdens de zwangerschap. 
 Onderzoek heeft uitgewezen dat pre- en perinatale afwijkingen 
geassocieerd zijn met “minor neurological dysfunctions” (MND) in kinderen in de 
schoolleeftijd. Het bestuderen van de neurologische conditie van een kind met 
leer- of gedragsproblemen geeft dus mogelijk inzicht in de etiologie en 
pathogenese van deze problemen. In hoofdstuk 5 wordt onderzocht of specifieke 
typen van MND gerelateerd zijn aan specifieke leer- en gedragsproblemen en of 
het type of juist de ernst van de neurologische disfunctie het meest van invloed is. 
Het bleek dat kinderen met meer MND clusters (dus meer ernstige neurologische 
disfunctie) relatief slecht presteerden op schooltaken en meer aandachtsproblemen 
hadden. Internaliserende en externaliserende gedragingen daarentegen waren 
alleen gerelateerd aan specifieke vormen van MND. Dus, terwijl leerproblemen 
het gevolg zijn van een diffuus disfunctioneren van het menselijk brein, zijn 
gedrags- en emotionele problemen geassocieerd met specifieke neurologische 
afwijkingen, hetgeen duidt op een lokaal disfunctioneren van het brein en 
mogelijk op meer specifieke perinatale antecedenten.  
 In de rest van het proefschrift werd deze laatste hypothese onderzocht met 
behulp van follow-up gegevens tot in de vroege volwassenheid van de PPG-
cohortleden. Hoofdstuk 6 beschrijft de invloed van gezamenlijke perinatale 
risicofactoren, geoperationaliseerd met de Obstetrisch Optimaliteits Score (OOS), 
op emotionele problemen en middelengebruik in de vroege volwassenheid. 
Daarnaast werd onderzocht of verbanden gemedieerd werden door intenaliserende 

 
 

184



en externaliserende temperamenten in de kindertijd. De OOS was een betere 
voorspeller van middelengebruik dan van emotionele problemen in de vroege 
volwassenheid. Voor mannen werd een verband gevonden tussen lagere OOS-
scores en meer emotionele problemen, maar dit verband werd gemedieerd door 
externaliserend gedrag in de kindertijd. 
 In hoofdstuk 7 wordt de cluster coefficient (CC) geïntroduceerd als 
alternatief voor de gebruikelijke odds ratio of relatieve risico maten. In 
tegenstelling tot deze laatste twee maten, kan de CC multimorbiditeit van meer 
dan twee stoornissen kwantificeren en controleert deze maat voor “toevallige” 
multimorbiditeit. In hoofdstuk 8 wordt het gebruik van de CC geïllustreerd in een 
PPG subgroep van 258 jong volwassenen. Multimorbiditeit bleek in deze groep 
veel vaker voor te komen dan verwacht kan worden op basis van de prevalenties 
van de afzonderlijke stoornissen, en dit was in toenemende mate het geval bij 
meer stoornissen. Anderzijds hadden minder personen dan verwacht één 
diagnose. Aangezien de prognose slecht is wanneer stoornissen samen 
voorkomen, is het belangrijk om vroege risicofactoren voor multimorbiditeit te 
identificeren. Het tweede doel van hoofdstuk 8 was dus onderzoeken welke 
perinatale factoren gerelateerd zijn aan multimorbiditeit en of deze verschillen 
van de risicofactoren voor monomorbiditeit. Totnogtoe waren de meeste 
epidemiologisch-psychiatrische onderzoeken gericht op het bestuderen van 
enkelvoudige stoornissen, dus monomorbiditeit. In ons onderzoek waren 
afzonderlijke perinatale risicofactoren wel gerelateerd aan afzonderlijke 
psychiatrische diagnoses, maar niet aan multimorbiditeit. De geaggregeerde OOS 
score voorspelde multimorbiditeit echter wel: het risico op multipele stoornissen 
in de vroege volwassenheid was lager in geval van meer optimale 
geboorteomstandigheden. Blijkbaar is het een keten van perinatale problemen die 
mensen kwetsbaar kan maken voor multimorbiditeit.   
 In hoofdstuk 9 worden de resultaten uit de voorgaande hoofdstukken 
besproken. De algemene conclusie is dat er inderdaad verbanden zijn tussen 
minder optimale geboorteomstandigheden en cognitieve, emotionele en 
gedragsproblemen in het latere leven. Twee andere bevindingen zijn dat 
multimorbiditeit veel voorkomt en dat de risicofactoren ervoor verschillen van die 
voor enkelvoudige psychiatrische stoornissen. Hoofdstuk 10 gaat daarom dieper 
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in op het fenomeen multimorbiditeit. Gesteld wordt dat om inzicht te kunnen 
krijgen in de etiologie van psychiatrische multimorbiditeit meer onderzoek zich 
moet richten op personen in plaats van alleen op stoornissen. In hoofdstuk 11 
worden de implicaties van de bevindingen in dit proefschrift voor onderzoek en 
praktijk gegeven en worden suggesties voor verder onderzoek gedaan. In 
hoofdstuk 12 tenslotte, worden de sterke en zwakke punten van het onderzoek 
besproken. 
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APPENDIX 
 
The 74 items of the obstetric optimality score, adapted from Touwen et al.1
Criteria for optimality are given in the second column. Note that the score was 
developed the seventies (i.e. at the time the subjects of the present study were 
born). Criteria for optimal obstetrics would be somewhat different in present 
times. 
Variables Criteria for optimality 
 
Category 1: Social background 
 
1. Husband’s profession 

 
 
 
 
 
2. Profession of gravida’s father 
3. Marital state at the time of delivery
4. Parenthood course 
5. Race and nationality 
6. Education of gravida 
7. Smoking of husband 
8. Family history of congenital  
      abnormalities 
9. Previous baby with congenital  

abnormalities 
10. Previous legal abortion 
11. Height 
12. Age 
13. Quetelet index (weight/height2) 

 
 
 
 

 
 
 
Manageral functions in industry, 
commerce and administration, teachers, 
middle management, both in private and 
governmental service, secretarial and 
technical functions, self-employed. 
 
Same 
Married 
took part 
Dutch, Caucasian 
more than elementary 
no 
no 
 
no 
 
no 
> 161 cm 
20-31 years 
18.8 – 24.2 
 
 
 
 

                                                 

1Touwen, B.C.L., Huisjes, H.J., Zee, A.D. van de, et al (1980). Obstetrical condition 
and neonatal neurological morbidity. An analyses with the help of the optimality 
concept. Early Human Development, 4/3: 207-228. 
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Category 2: Non-obstetrical conditions 
                                   during pregnancy
 
14. Smoking 
15. Illness first trimester 
16. Surgical therapy during gestation 
17. Family history of diabetes 
18. Diabetes (including gestational) 
19. Heart disease 
20. Epilepsy 
21. Hypertension (at or above diast. 90)
22. Other diseases 

 
Category 3: Obstetrical past history 
 
23. Preterm delivery 
24. Late abortion (16-28wk) 
25. Early abortion (< 16wk) 
26. Late fetal and neonatal loss 
27. Caesarean section 
28. Instrumental delivery 
29. Hypertension in pregnancy 
30. Placental abruption 
31. Other complications 
32. Placenta preavia 
33. Intauterine growth retardation 
34. Parity 
35. Previous infertility 
36. Induction of ovulation 

 
Category 4: Obstetrical aspects of  
                                        Pregnancy 
 
37. Vaginal bleeding 
38. Proteinuria 
39. Pre-eclampsia 
40. Acetonuria   
 
Anaemia (Hb < 110 g/l): 
41. mid-trimester 
42. third trimester 
43. Early hypertension (> 80 diast.) 

 
 
 
no smoking during whole of pregnancy 
no 
no 
no 
no 
no 
no 
no 
no 
 
 
 
none 
none 
not more than one 
none 
none 
none 
no 
none 
none 
none 
no 
1 
no 
no 
 
 
 
 
no 
no 
no 
no 
no 
 
no 
no 
no 
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44. Uncertain or unreliable date of LMP
45. Weight gain 
46. Other complications e graviditate 
47. Rhesus sensitization 

 
 
 
Category 5: Diagnostic and therapeutic 
                    Measures 
 
48. Frequency of prenatal care 
49. No. of admissions including for  
      delivery  
50. GTT carried out 
51. Amniocentesis 
52. Placental function tests, CTG etc 

                       
Drugs prescribed or taken: 
53. prior to 16th week 
54. after 16th week 
55. Cerclage 

 
Category 6: Parturition 
 
56. Complications during labour (e.g.  

prolapse of the cord, nuchal cord, 
rotation disturbances, pelvic 
anomalies, progress of labour,  
fever, etc.) 

57. Instrumental delivery including CS 
58. Presentation at birth 
59. Perineal Lacerations 
60. Duration first period  
61. Duration second period 
62. Amniotic fluid 
63. Start of labour 
64. Augmentation 
65. Time between rupture of  

membranes and birth 
66. Sedation or analgesia 

 
 

no 
8-15 kg 
no 
no 
 
 
 
 
 
 
9-15 visits 
1 
 
no 
no 
no 
 
 
no 
no 
no 
 
 
 
none 
 
 
 
 
no 
cephalic 
episiotomy 
10 hours or less 
50 minutes or less 
clear 
spontaneous 
no 
6 hours or less 
 
none 
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Category 7: Neonatal condition 
                    immediately after birth  
 
67. Duration of gestation 
68. Birth weight 
69. pH umb.v. 
70. First cry 
71. Apgar score 1 min 
72. Apgar score 3 min 
73. Congenital anomalies 
74. Transferred to neonatal ward 

 
 
 
38-42 wk 
> 10p, <95p 
>7.20 
immediately 
8-10 
9-10 
none 
no 
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