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ABSTRACT T 
Wee studied risk factors at birth and in the neonatal period contributing 

too behavioural problems at two years of age in very preterm born 

children. . 

Al ll  children were born before 30 weeks gestational age and enrolled 

inn a randomised, placebo controlled trial of thyroxine supplementation. 

Basedd on parental reports, using the Child Behavior Checklist for ages 

2-33 years (CBCL 2/3), children were classified into two groups: with 

orr without behavioural problems. Univariate analyses and stepwise 

forwardd logistic regression analyses were carried out to dentify risk 

factorss of behavioural problems. 

Parentss of 144 children (92%) completed the CBCL 2/3. Fifty-six 

childrenn (39%) showed behavioural problems. We found the most 

importantt risk factors for behavioural problems at the age of two years 

too be: low maternal education, birth at less than 28 weeks gestational 

age,, male sex, and oxygen requirement at 36 weeks postmenstrual 

age.. These risk factors are also known to contribute to problems in 

health,, motor and cognitive development. 

Conclusion:: already at birth, children can be identified with an 

increasedd risk of behavioural problems. Intervention programs can 

thereforee be started early. 
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INTRODUCTION N 

Advancess in medical technology in the two last decades have improved survival 

chancess of very preterm born children, but also resulted in an increasing number of 

childrenn suffering from severe neonatal complications.13 These complications may 

contributee to later neuromotor, cognitive, and behavioural problems that often occur in 

pretermm born children.4 8 

Feww studies investigated the predictive value of neonatal complications for later 

behaviourall  problems. Goldberg et al. (1990) found that severity of neonatal illness was 

nott an important contributor to behavioural problems at 4 years of age. However, cerebral 

ultrasoundd and routine documentation of brain injuries were not available, their risk 

scoress might not be adequate representatives of neonatal morbidity. Weisglas-Kuperus 

ett al. (1993) examined the impact of neonatal cerebral damage, expressed in a risk score 

composedd of cerebral ultrasound classifications and neurological examination scores 

assessedd weekly until discharge, cognitive development and social factors on behavioural 

outcomee at 3Vi years of age but only an indirect influence of cerebral damage was found. 

Bothh studies lack information about relative contributions of single neonatal complications 

too behavioural problems. Other studies focussing on factors that contribute to poor 

behaviourall  outcome have found that extremely low birth weight9, health problems during 

childhoodd and maternal mental health9", low socio-economic status (SES)911"13, and male 

sex9.n.122 ^g a s s o ci ated with behavioural problems. 

Moree knowledge of the consequences of different neonatal factors for behavioural 

developmentt and identification of subgroups of preterm born children who have an 

increasedd risk of behavioural problems is necessary for parent counselling as well as for 

developmentt of early intervention methods. 

Thee objective of this study was to study which risk factors present at birth or occurring 

inn the neonatal period contribute to behavioural problems at the age of two years in 

childrenn born before 30 weeks' gestational age. 

PATIENTSS AND METHODS 
Patients s 

Thee sample studied consisted of 157 children who were included in a double blind, 

placebo-controlledd trial of thyroxine administration '4. In the original trial 200 children 

weree enrolled: 35 children died, 7 children were withdrawn, and 1 child was lost to follow 

upp because the family moved abroad. All children were born at less than 30 weeks 

gestationn and were admitted to the Neonatal Intensive Care Unit of our hospital within 
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244 hours after birth between January 1991 and July 1993. Inclusion criteria were: (1) 

gestationall  age between 25 and 30 weeks, (2) absence of severe congenital abnormalities, 

(3)) no maternal endocrine disease and (4) no maternal drug use. 

Thiss study was approved by the Committee of Medical Ethics of our hospital. 

Methods s 
Baselinee and clinical characteristics were studied in children with and without 

behaviourall  problems at the age of two years. All data concerning baseline characteristics, 

clinicall  characteristics, and behavioural outcome, were collected prospectively. 

Wee selected the following baseline characteristics that are described to be related 

withh behavioural problems: gender, gestational age, birth before or after the 28th week 

off  gestation, birth weight, birth weight class, educational level of the mother, ethnic 

background,, antenatal steroids, and T4 administration. Gestational age was determined 

byy either a reliable menstrual history, early ultrasound, or the Dubowitz score if prenatal 

informationn was inconclusive. Birth weight was classified as AGA: appropriate for 

gestationall  age (>10th percentile), SGA: small for gestational age (>2.3th percentile and 

<10thh percentile), VSGA: very small for gestational age (<2.3th percentile), using 

Kloostermann growth charts.1'*  Educational level of the mother was classified as follows: 

Low:: primary school and/or lower general secondary education and/or lower vocational 

education.. Middle: higher general secondary education and/or pre-university education 

and/orr intermediate vocational education, High: school of higher vocational education 

and/orr university. Although no overall effect of thyroxine administration in the neonatal 

periodd on behavioural outcome was found16, this variable was nevertheless entered as a 

possiblee risk factor. 

Wee selected clinical data, collected in the neonatal period (i.e. until discharge home), 

whichh might have an impact on brain development, severity of illness and the child's 

wellbeing,, and therefore were possibly associated with behavioural outcome. 

Cerebrall  ultrasound findings were entered twice. First, findings were entered as 

differentt entities: haemorrhage, ischaemia and ventricular dilatation. Second, ultrasound 

findingss were classified according to severity of brain damage. These classifications 

were:: Normal: no ischaemia, no haemorrhage, no ventricular dilatation, Mildl y Abnormal: 

aa grade 1 or 2 haemorrhage and/or grade 1 ischaemia and/or grade 1 ventricular dilatation, 

Abnormal:: a grade 3 or 4 haemorrhage and/or grade 2 or 3 ischaemia and/or grade 2 

ventricularr dilatation. Classification of haemorrhage was done as described by Volpe.17 

Haemorrhagicc venous infarctions followed by cysts were classified as parenchymal 
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haemorrhages.. Ischaemic lesions were classified according to De Vries et al.18 Classification 

off  ventriculomegaly was performed according to Levene '9. Other data concern respiratory 

problemss like intubation at birth, surfactant use, respiratory distress syndrome, broncho-

pulmonaryy dysplasia, oxygen requirement at 36 weeks postmenstrual age, and oxygen 

requirementt at the corrected term age. Bronchopulmonary dysplasia was defined as 

oxygenn requirement on day 28 after a period of mechanical ventilation, and a chest X-

rayy consistent with the diagnosis. In addition, acidosis (pH<7.2, present at least one 

time),, septicaemia (bacterial: proven by positive blood culture), postmenstrual age at 

dischargee home, and length of hospitalisation were included. 

AssessmentAssessment of behavioural problems 
Att the age of two years all children were invited for an extensive follow up assessment. 

Too study behavioural outcome the Dutch version of the Child Behavior Checklist for ages 

twoo to three (CBCL 2/3) was used."20This behaviour checklist is a parent questionnaire 

containingg 99 descriptions of problem behaviours. 

Onee month before follow up assessment at the corrected age of two years would take 

placee the CBCL 2/3 questionnaire was sent to the child's home. Most parents returned 

thee questionnaire when they came to the hospital for this assessment. Occasionally the 

parentss returned the completed questionnaire by mail. 

Eachh behaviour description on the questionnaire receives score 0 when it does not fit 

thee child's behaviour, score 1 when it is sometimes true, and score 2 when it is often true. 

Scoress on six scales (social withdrawal, depressed behaviour, sleep problems, somatic 

problems,, aggressive behaviour, and destructive behaviour) are computed. In addition, 

twoo broad band dimensions can be obtained: internalising behaviours (comprising social 

withdrawall  and depressed behaviour scales) and externalising behaviours (comprising 

aggressivee and destructive behaviour scales). A total problem score can be obtained by 

summingg all the items. 

Childrenn are considered to have serious behaviour problems when they receive a score 

abovee the borderline cut-off point. With regard to the scale scores the borderline cut-off 

pointt is the 95th percentile of the reference population, whereas with regard to the broad 

bandd dimensions and the total problem score the borderline cut-off point is the 85th 

percentile." " 

Thee children were classified into two groups. One group consisted of children with 

behaviourall  problems; they received at least one score above the borderline cut-off point 

onn one of the behaviour scales or broad band dimensions. The other group consisted of 

childrenn who had no behavioural problems; all their scores were below these cut-off points. 
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StatisticalStatistical analysis 
Univariatee analyses were carried out to find differences in baseline characteristics 

andd neonatal complications between both groups of children. Categorical data were 

analysedd with the chi-square test for 2x2 tables. Continuous data were analysed using 

thee Student's t-test. All results are presented in odds ratios (OR) and their 95% confidence 

intervall  (95% CI). A result is considered significant when 1.0 is not included in the 

confidencee interval. 

Stepwisee forward logistic regression was used to determine baseline and clinical 

characteristicss that are predictive of behavioural problems at two years of age. All results 

aree presented in adjusted odds ratios (Adj. OR) and their 95% confidence interval (95% 

CI).CI). A result is considered significant when 1.0 is not included in the confidence interval. 

Inn the first step, baseline characteristics were entered: gender, gestational age, birth before 

orr after the 28th week of gestation, birth weight, birth class, educational level of the 

mother,, ethnic background, and trial assignment. Only variables contributing significantly 

too the model (p<.05) were kept in the analysis. In the second step clinical characteristics 

assessedd in the neonatal period were added to the model: cerebral ischaemia, cerebral 

haemorrhage,, ventricular dilatation, classifications of these ultrasound findings, 

intubationn at birth, surfactant use, respiratory distress syndrome, bronchopulmonary 

dysplasia,, oxygen requirement at 36 weeks postmenstrual age, and oxygen requirement 

att term age, acidosis, septicaemia, postmenstrual age at discharge home, and length of 

hospitalisation.. Only variables that were significant contributors to behavioural problems 

att two years of age were kept in the prediction model. 

AA Receiver Operating Characteristic (ROC) curve was constructed to assess the 

discriminativee value of this prediction model. Sensitivity and specificity were calculated 

att different cut-off values in predicted probability of behavioural problems at two years 

off  age. The area under the ROC curve (AUC) gives an estimate of the discriminative 

valuee of the prediction model. An area of 0.50 implies that the model has no discriminative 

value:: i.e. the true-positive rate equals the false-positive rate for different combinations 

off  risk factors; an area of 1.0 implies perfect discrimination. 

RESULTS S 

Att two years of age the CBCL questionnaire was sent to the parents of 157 surviving 

children.. Parents of 144 children (92%) completed the behaviour questionnaire. The 

majorityy of parents who did not return the questionnaire were of non-white ethnic 

backgroundd some of whom had difficulties understanding Dutch (p< .01). None of the 
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motherss in the non-respondent group followed education at high level (versus 27 mothers 

inn the respondent group) (p=.0S5). 

Thee children were divided into two groups depending on whether or not they had 

behaviourall  problems (see methods). According to the descriptions of parents who did 

returnn the behaviour questionnaire 56 children (39%) showed serious behavioural 

problemss at two years of age. 

UnivariateUnivariate analysis 
Inn table 1 baseline characteristics are presented of children with and without behavioural 

problems.. Children whose mothers were less educated had a higher risk of behavioural 

problemss (OR 4.5) than children whose mothers were highly educated. Also, children who 

weree born before the 28th week of gestation had a higher risk of behavioural problems 

(OR(OR 2.1) than children who were born after a longer gestation. No effect was found of 

thyroxinee administration on behavioural outcome. 

Off  all selected neonatal complications only intubation at birth (OR 2.3), broncho-

pulmonaryy dysplasia (OR 2.7), and oxygen requirement at 36 weeks postmenstrual age 

Tablee 1: Baseline characteristics of children with and without behaviour problems 

BaselineBaseline characteristics 
Sex:: male 
Ethnicc background: Caucasian 
Educationall  level mother*: 

Low w 
Middle e 
High h 

Gestationall  age (days)+ 

Gestationall  age < 28 weeks 
Birthh weight (grams)t 

Birthh weight class*: 
AGA A 
SGA A 
VSGA A 

Antenatall  steroids " 
T44 administration 

Behaviour r 
problemss (n = 56) 

31 1 
46 6 

28 8 
22 2 
6 6 

196 6 
27 7 
1083 3 

51 1 
4 4 
1 1 

27 7 
32 2 

(55%) ) 
(82%) ) 

(50%) ) 
(39%) ) 
(11%) ) 

 9 
(48%) ) 

 219 

(91%) ) 
(7%) ) 
(2%) ) 

(48%) ) 
(57%) ) 

Noo Behaviour 
problemss (n = 88) 

39 9 
77 7 

22 2 
45 5 
21 1 
198 8 
27 7 
1115 5 

76 6 
9 9 
3 3 

49 9 
44 4 

(44%) ) 
(87%) ) 

(25%) ) 
(51%) ) 
(24%) ) 

 8.0 
(31%) ) 

 237 

(86%) ) 
(10%) ) 
(3%) ) 

(56%) ) 
(50%) ) 

OR R 

1.56 6 
.66 6 

4.5 5 
1.7 7 

.79 9 
2.1 1 
.94 4 

.66 6 

.50 0 

.74 4 
1.33 3 

95%% CI 

.79-3.1 1 
. 2 6-- 1.7 

1.5-- 13 
.600 - 4.8 

. 6 0-- 1.04 
1.11 - 4 .2 

.811 - 1.09 

.19 -2 .3 3 

.055 - 4.9 

. 3 8-- 1.5 

.688 - 2.6 

Educationall  level of mother: see methods 
ORR per week 
ORR per 100 grams 
Birthh weight class: AGA = according gestational age, SGA - small for gestational age, 
VSGAA = very small for gestational age: see methods 
2 x 122 mg betamethasone was given intravenously at a 24 hour interval 
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(OR(OR 2.8) resulted in a significant increased risk of behavioural problems. Furthermore, 

childrenn with behavioural problems spent more days in hospital than children who had 

noo behavioural problems (OR 1.1) (see table 2). 

Tablee 2: Clinical characteristics of children with and without behaviour problems 

Behaviour r 
problemss (n = 56) 

Noo Behaviour 
problemss (n = 88) ORR 95% CI 

ClinicalClinical characteristics 
Cerebrall  hemorrhage: 

None e 
Gradee 1 or 2 
Gradee 3 or 4 

Cerebrall  ischaemia: 
Gradee 2 or 3 

Ventricularr dilatation: 
Gradee 2 

Ultrasoundd findings: 
normal l 
mildlyy abnormal 
abnormal l 

Intubationn at birth 
Surfactant t 
RDS.:: Grade 3 or 4* 
Broncho-pulmonaryy dysplasia. 
0\\ requirement at 36 weeks pmaf 

O,, requirement at 40 weeks pma* 
Acidosis s 
Septicemia a 
Pmatt at discharge home (days)
Lengthh of hospital stay (days)J 

Respiratoryy Distress Syndrome grade 3 or 4 
Pma:: Postmenstrual age 
ORR per week 

31 1 
21 1 

4 4 

2 2 

3 3 

22 2 
29 9 

5 5 
24 4 
21 1 
18 8 
31 1 
16 6 
6 6 

39 9 
13 3 

(55%) ) 
(38%) ) 

(7%) ) 

(4%) ) 

(5%) ) 

(39%) ) 
(52%) ) 

(9%) ) 
(43%) ) 
(38%) ) 
(32%) ) 
(55%) ) 
(29%) ) 
(11%) ) 
(70%) ) 
(23%) ) 

Ï755  74 
899  53 

59 9 
24 4 

5 5 

1 1 

2 2 

49 9 
36 6 

3 3 
22 2 
21 1 
19 9 
28 8 
11 1 
6 6 

52 2 
20 0 

2 2 

(67%) ) 
(27%) ) 
(6%) ) 

(1%) ) 

(2%) ) 

(56%) ) 
(41%) ) 

(3%) ) 
(25%) ) 
(26%) ) 
(22%) ) 
(32%) ) 
(13%) ) 
(7%) ) 

(59%) ) 
(23%) ) 

666 5 
744 1 

1.7 7 
1.5 5 

3.2 2 

2.4 4 

1.8 8 
3.7 7 
2.3 3 
1.7 7 
1.7 7 
2.7 7 
2.8 8 
1.6 6 
1.6 6 
1.0 0 
1.0 0 
1.1 1 

.80--

.38--

.29 9 

.40 0 

.89--

.811 -
1.11 -
.82--
.811 -
1.33 -
1.2--
.55 -

.78--

.46--

.98--
1.011 -

3.5 5 
6.1 1 

- 36 6 

-- 15 

-3.6 6 
-- 17 
-4.6 6 
-- 3.5 
-3.7 7 
-- 5.3 
-6.6 6 
-5.4 4 
-3.2 2 
-- 2.3 
-- 1.1 
-- 1.2 

MultivariateMultivariate analysis 
Inn order to study the relative contribution of these variables multivariate analysis was 

carriedd out. Stepwise forward logistic regression analysis was done to determine at first 

whichh baseline variables contribute to behavioural problems at two years of age, and 

subsequently,, which variables of the neonatal period further contribute to this outcome 

(seee table 3). 
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Tablee 3:Multivariate logistic regression model: Adjusted odds ratios (Adj. OR) and their 95 
%% confidence interval (95% CI). 

Stepp 1* 
Educationall  level of mother1: 

Low w 
Middle e 
High h 

Gestationall  age < 28 weeks 
Gestationall  age > 28 weeks 
Sex:: Male 

Female e 
Stepp 2* 
022 at 36 weeks pma § 

AUC" " 

Stepp 1 
Adj.. OR 95 % CI 

7.14 4 
2.22 2 

2.64 4 

2.24 4 

.71 1 

2.18-23.4 4 
0.744 - 6.7 

1.244 - 5.63 

1.055 - 4.79 

.622 - 79 

Stepp 2 
Adj.. OR 95 % CI 

7.67 7 
2.24 4 

2.78 8 

2.20 0 

2.57 7 

.73 3 

2.255 - 26.1 
0.722 - 7.02 

1.055 - 4.95 

0.988 - 4.59 

1.011 - 6.53 

.644 - .82 

**  Step 1: baseline characteristics 
++ Educational level of mother: see methods 
**  Step 2: baseline characteristics and neonatal complications 
§§ Oxygen requirement at 36 weeks postmenstrual age 
111 Area under ROC Curve 

Inn step 1, baseline variables present at birth were entered. The risk of behavioural 

problemss at two years of age was significantly increased by low educational level of the 

motherr (Adj. OR 7.7), by gestational age < 28 weeks (Adj. OR 2.6) and by male sex (Adj. 

OROR 2.2). These variables were kept in the analysis of the second step, and then variables 

assessedd in the neonatal period were entered. The most important clinical characteristic 

thatt further increased the risk of behavioural problems was oxygen requirement at 36 

weekss postmenstrual age (Adj. OR 2.6). 

Sincee several independent contributors of behavioural problems at two years of age 

weree identified, a ROC curve of different combinations of risk factors was constructed. 

Thee area under de ROC curve for all children in this study was .73 (standard error .04). 

DISCUSSION N 

Wee found that the risk of behavioural problems at two years of age is increased in 

veryy preterm children who are characterised by: low maternal educational level, birth 

beforee the 28th week of gestation, male sex, or requirement of oxygen at 36 weeks pma. 

Threee of the four risk factors are already present at birth. 
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Wee studied baseline and clinical characteristics of very preterm children with and 

withoutt behavioural problems at the age of two years conditional on surviving the 

neonatall  period. Only children whose parents completed the behaviour questionnaire 

weree included in the analyses. The non-respondent group (n=13) included more children 

fromm non-white families with some parents having difficulties understanding Dutch and 

moree children of less educated mothers. As relatively less low educated mothers completed 

thee questionnaire the already high percentage (39%) of very premature children with 

behaviourall  problems might be an underestimation.911 

Thee questionnaire used had to be answered by the parents, reflecting parental perception, 

too assess behavioural problems in their children at two years of age. Preterm birth of the 

child,, it's critical neonatal condition, and it's health problems afterwards can have biased 

thesee perceptions either by blinding parents for their child's problems or sensitising them. 

However,, as parents' perceptions will also affect their childrearing attitudes and influence 

theirr relationship with the child these reports must be taken seriously.21 

Loww maternal education and male sex are risk factors of behavioural problems that 

holdd for the general population and not only for very preterm children." 12 In a normal 

Dutchh population, more behavioural problems have been found in 2-3 year olds from a 

lowerr SES (Adj. OR 2.8, 95% CI 1.5-5.2). Dutch boys showed especially more aggressive 

behaviourss than Dutch girls (p= .0001)." Our results indicate that the risk of behavioural 

problemss is much higher in children from low SES who are born very premature (Adj. OR 

7.67).. Parents who suffer from economic hardship may experience more difficulties in 

supportive,, consistent and involved parenting22, and very preterm born children make a 

greaterr appeal to these parenting capacities. 

AA risk factor that is specific for very preterm children, is birth before the 28th week of 

gestation.. As gestational age and severity of illness are closely related, these children 

belongg to the smallest and most vulnerable preterm born children, which may also cause 

moree parental stress. Both may contribute to later behaviour problems.911 

Whilee several studies reported behavioural problems in SGA children23 24, we did not 

findd that intra-uterine growth retardation was an important contributing factor to 

behaviourall  outcome. However, the number of SGA children in our study (n=17, 12%) 

mayy have been too small to find differences in behavioural outcome between both groups. 

Off  all neonatal complications, oxygen requirement at 36 weeks' pma (chronic lung 

disease)) was the most important risk factor that contributed to behavioural problems. 

Otherr studies have shown that chronic lung disease is also associated with health problems, 

poorr cognitive development and poor neuromotor outcome4 8, which indicates that these 

childrenn are at risk of multiple developmental problems. 
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Long-termm oxygen support and birth before the 28th week gestation often result in 

prolongedd hospitalisation. Apart from hypoxic moments, these children have to endure 

excessivee stimuli during their stay on the Neonatal Intensive Care Unit which might 

affectt their development: noisy machines, alarm bells, bright light and a lot of activity 

almostt 24 hours per day. Being exposed to this amount of stimuli for a long period during 

rapidd brain development may alter brain maturation and differentiation leading to 

problemss with coping of stress and behavioural disturbances.25 

Brainn lesions were found to be only weakly associated with behavioural problems. A 

firstt explanation may be that discrete brain abnormalities may not have been visualised. 

Second,, since several risk factors in the regression model overlap it is possible we did 

nott find a statistically significant contribution of brain lesions. Third, behavioural 

problemss in children with motor or cognitive disabilities become more obvious in later 

yearss when they need to learn to cope with their limited physical possibilities or when 

theyy have difficulties understanding school material. 

Termm born children with high problem scores at toddler age were found to have an 

increasedd risk of behavioural problems at preschool age when they came from a lower 

socio-economicc background, had a difficult temperament, poor health and when they 

experiencedd more stressful lif e events." These characteristics are often found in very 

pretermm born children, thus increasing the risk of ongoing behavioural problems with age. 

Thee identified risk factors of behavioural problems are also found to be associated 

withh prolonged health problems, poor neuromotor outcome and a delay in cognitive 

development.4912J?? Children who meet these risk factors may benefit from early 

multidisciplinaryy intervention programmes as these are directed at reducing cognitive, 

behavioural,, motor and health problems.25 28 Special programmes should be provided to 

motherss who are less educated as low maternal education, one of the most important risk 

factors,, is associated with organisation of the home environment, maternal child-rearing 

practicess and beliefs, and maternal interactions. High quality child-care, parenting 

programmes,, emotional and social support might improve these mothers' capacities for 

supportive,, consistent and involved parenting.21 
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