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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 
 

 
 

128



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 

 
 

130



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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