
Antecedents of Attention-Deficit/Hyperactivity Disorder 
symptoms in children born extremely preterm

Samantha Johnson, PhD CPsychol AFBPsS1, Puja Kochhar, MSc MRCPsych PhD2, Enid 
Hennessy, MSc3, Neil Marlow, DM, FMedSci4, Dieter Wolke, PhD CPsychol AFBPsS5, and 
Chris Hollis, PhD, MRCPsych2

1Department of Health Sciences, University of Leicester, Leicester, UK.

2School of Medicine, University of Nottingham, Nottingham, UK.

3Barts and The London School of Medicine and Dentistry, Queen Mary University of London, 
London, UK.

4Institute for Women’s Health, University College London, London, UK.

5Department of Psychology and Health Sciences Research Institute, University of Warwick, 
Coventry, UK.

Abstract

Objective—To investigate antecedents of Attention-Deficit/Hyperactivity Disorder (ADHD) 

symptoms in children born extremely preterm (EP; <26 weeks gestation).

Method—The EPICure Study recruited all babies born EP in the UK and Ireland in March-

December 1995. Neurodevelopmental outcomes were assessed at 2.5 (n=283; 90%), 6 (n=160; 

78%) and 11 (n=219; 71%) years of age. Parents and teachers completed the Du Paul Rating 

Scale-IV to assess inattention and hyperactivity/impulsivity symptoms at 11 years. Regression 

analyses were used to explore the association of neonatal, neurodevelopmental and behavioral 

outcomes to 6 years with ADHD symptoms at 11 years.

Results—EP children had significantly more inattention (mean difference 1.2 SD; 95% CI 0.9, 

1.5) and hyperactivity/impulsivity (0.5 SD; 0.2, 0.7) than controls, with a significantly greater 

effect size for inattention than hyperactivity/impulsivity. Significant independent predictors of 

inattention at 11 years included smaller head circumference, lower IQ and pervasive peer 

relationship problems at 6 years, and motor development at 2.5 years. In contrast, significant 

independent predictors of hyperactivity/impulsivity included lower IQ, pervasive conduct 

problems and ADHD symptoms at 6 years, externalizing problems at 2.5 years and non-white 

maternal ethnicity.

Conclusions—EP children are at increased risk for ADHD symptoms, predominantly 

inattention, for which the antecedents differ by symptom domain. Attention deficits following EP 

birth were associated with poor brain growth and neurological function. Cognitive and behavioral 
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assessments in early and middle childhood to identify neurodevelopmental and peer relationship 

problems may be beneficial for identifying EP children at risk for inattention.
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neurodevelopment; peer relationship problems

Attention-Deficit/Hyperactivity Disorder (ADHD) is a pervasive neurodevelopmental 

disorder characterized by developmentally inappropriate levels of inattention and 

hyperactivity/impulsivity that emerge early in childhood and interfere with an individual’s 

social, academic and occupational functioning.1 ADHD is classified into three diagnostic 

sub-types comprising ADHD Combined (ADHD/C) in which clinically significant levels of 

both hyperactivity/impulsivity and inattention are present, ADHD Predominantly Inattentive 

(ADHD/I) in which only a clinically significant level of inattention is present, and ADHD 

Predominantly Hyperactive/Impulsive (ADHD/H) in which a only clinically significant level 

of hyperactivity/impulsivity is present.

A growing number of studies demonstrate that extremely low birthweight (<1000g) or 

extremely preterm (EP; <26 weeks gestation) birth is associated with 3 to 4 times increased 

risk for psychiatric disorders in middle childhood2, of which the most prevalent is ADHD. In 

population-based studies of EP/ELBW cohorts born in the 1990s, prevalence estimates for 

ADHD range from 10% to 17%3-5 in middle childhood, representing a four fold increase in 

the odds of a diagnosis compared with children born at term.6 A two to three fold increase in 

the risk for ADHD has also been observed in kindergarten children born <1000g/<28 weeks 

gestation compared with their term-born peers.7

Additionally, the preterm ADHD phenotypic profile appears to differ from that typically 

observed in children with ADHD in the general population.8 Following EP birth, ADHD is 

associated with a greater risk for inattention than hyperactivity/impulsivity in terms of both 

symptoms4, 9-16 and sub-type disorders.5, 14 In some studies, the increased risk for ADHD 

diagnoses has been found to be specific to ADHD/I alone.4, 5, 14 There are also phenotypic 

differences in the patterns of comorbidity, in which there is a notable absence of comorbid 

conduct disorders in preterm children with ADHD8, contrasting with the frequent co-

occurrence of ADHD and conduct disorders in children in the general population.17 

Furthermore, the greater risk for ADHD in males is frequently not observed in preterm 

samples.8

To date, few studies have investigated the presentation of ADHD symptoms in EP children 

and none have explored both neurodevelopmental and neuropsychological predictors of 

ADHD symptoms along separate dimensions. Exploring the mechanisms that underlie the 

preterm phenotype from the earliest points in development is important for understanding 

the etiology of ADHD symptoms and for developing and targeting interventions in this 

population. Here we report the results of a national population-based study of outcomes 

following EP birth. The aims of the present report were to investigate the prevalence and 

antecedents of ADHD symptoms in EP children at 11 years of age and to determine whether 

these antecedents differed by symptom domain. We hypothesized that EP children would 
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have significantly higher levels of inattention and hyperactivity/impulsivity than term born 

controls and that there would be a significantly greater risk for inattention than 

hyperactivity/impulsivity in EP children. We also hypothesized that early indices of 

biological and neurodevelopmental risk would more strongly associated with the 

development of symptoms of inattention than hyperactivity/impulsivity at 11 years of age.

METHOD

Participants

All babies born at 25 completed weeks of gestation or less from 1st March through 31st 

December 1995 who were admitted for neonatal intensive care across the whole of the UK 

and Ireland were identified as part of the EPICure Study (n=811). There were no exclusion 

criteria and all births admitted to intensive care during the study period were identified. All 

surviving children were invited to participate in follow-up assessments, for which 283 (90% 

of survivors) were assessed at two years of age18, 241 (78% of survivors) at six years of 

age19 and 219 (71% of survivors) at 11 years of age.20 The present report focuses on the 

exploration of antecedents of ADHD symptoms assessed at 11years.

At the 6-year assessment, a term-born control group of 160 children born ≥37 weeks 

gestation was randomly selected from age-, ethnicity- and sex-matched classmates for EP 

children in mainstream schools. These children were invited to participate again in the 11-

year outcome evaluation, at which time 110 children were-reassessed. At this time an 

additional 43 controls were recruited for EP children who did not have a matched control at 

the 6-year assessment or for those whose original matched 6-year control attended a 

different school. Thus a total of 153 term-born controls were assessed at 11 years of age 

(see20 for a detailed description of the EPICure cohort).

Procedure

At two years of age, EP children were assessed in an outpatient clinic by a pediatrician. At 

both six and 11 years of age, EP children and their controls were assessed at school or at 

home by a pediatrician and a psychologist who were blind to the child’s clinical history and 

study group allocation. The 11-year study was approved by the Southampton and South 

West Hampshire NHS Research Ethics Committee (Ref 05/Q1702/126).

Neonatal Data (EP Children Only)

Information about EP children’s obstetric and neonatal course was obtained at discharge 

from hospital. Variables included maternal age, gestational age, birthweight, head 

circumference, multiple birth, mother’s ethnic origin, use of antenatal steroids, preterm 

premature rupture of membranes, method of delivery, fetal heart rate at 5 min, temperature, 

Clinical Risk Index for Babies (CRIB) score, chorioamnionitis (suspected or proven), 

abnormal cranial ultrasound scan (defined as large parenchymal cysts or ventriculomegaly), 

evidence of necrotizing enterocolitis (NEC), use of postnatal steroids for chronic lung 

disease, bronchopulmonary dysplasia (BPD; supplemental oxygen at 36 weeks post 

menstrual age), receipt of any breast milk and duration of NICU admission.
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Outcome Measures at Two Years of Age (EP Children Only)

At two years of age, the Mental Development Index (MDI) and the Psychomotor 

Development Index (PDI) of the Bayley Scales of Infant Development II (BSID-II)21 were 

used to assess cognitive and motor development from which standardized scores (Mean 100; 

SD 15) were derived. Serious cognitive impairment was classified using scores < −2 SD of 

the standardization sample (MDI/PDI scores <70). MDI scores were combined with the 

results of a clinical evaluation to identify children with serious functional disability defined 

as one or more of moderate/severe cognitive, vision (blind or severely impaired vision not 

corrected by aids), hearing (deaf or hearing loss requiring aids) or gross motor impairment 

(non-ambulant cerebral palsy). Neurodevelopmental outcomes at two years of age have been 

published previously.18 A head circumference standard deviation score (SDS; Mean 0, SD 1) 

was also computed using the 1990 British Growth Standards for age and sex. Parent-reports 

of behavior problems at two years were also obtained using the Child Behavior Checklist 

(CBCL)22 from which standardized T-scores (Mean 50; SD 10) were derived for 

internalizing and externalizing behavior problems with higher scores indicating greater 

problems. Parents’ self-reports of their smoking in pregnancy were obtained and self-reports 

of their occupation were used to classify their occupational status into three categories: non-

manual, manual and unemployed.

Outcome Measures at Six Years of Age (EP Children and Controls)

At six years of age, the NEPSY Developmental Neuropsychological Test23 was used to 

assess neuropsychological skills. From this test three global scales were selected in order to 

provide an assessment of the cognitive domains most compromised by EP birth and 

previously shown to be associated with academic and behavioral difficulties in this 

population, namely (1) visuospatial processing (visuo-motor integration and judgement of 

line orientation); (2) sensorimotor skills (manual dexterity and fine motor skills); and (3) 

Attention/Executive Function (planning and monitoring, selective attention and inhibition 

and motor persistence). Standardized scores (Mean 100; SD 15) were derived for each of 

these three core domains. Data relating to children’s performance on these measures has 

been published previously.24 Neurodevelopmental outcomes were assessed using a battery of 

clinical and psychometric tests. Children’s general cognitive ability (IQ) was assessed using 

the Kaufman Assessment Battery for Children (K-ABC)25 from which a standardized 

Mental Processing Composite (MPC) score was derived (Mean 100; SD 15). Children who 

could not be assessed due to severe disability were assigned a nominal score of 39 (1-point 

below the lowest test score) to quantify IQ in the severely impaired range. Moderate/severe 

cognitive impairment was classified using the conventional SD banded definition of scores < 

−2 SD. However, as the well-documented ‘Flynn effect’ results in an upward drift of 

standardised test scores over time26, the test scores of contemporary populations may be 

higher than published norms and the prevalence of impairment may be underestimated 

where obsolete tests are applied.27 Thus it is recommended that contemporaneous reference 

groups are used to classify abnormality where possible.27 As the K-ABC was standardised 

in the 1970s, we used the Mean (SD) of the contemporaneous control group to classify 

cognitive impairment (i.e., MPC < 82). A clinical evaluation was also performed from which 

moderate to severe impairment in vision, hearing and gross motor function was classified for 

each child using the definitions provided above. These classifications were combined with 
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MPC scores to identify children with serious neurodevelopmental disability defined as one 

or more of cognitive, vision, hearing or motor impairment. Neurodevelopmental outcomes 

for this cohort have been published in detail previously.19 Head circumference was also 

measured from which a SDS for age and sex was calculated using the 1990 British Growth 

Standards. In addition, behavioural, social and emotional problems were assessed using the 

Strengths and Difficulties Questionnaire (SDQ)28 completed by each child’s parent and 

main class teacher. From these questionnaires, scores >90th percentile of the term control 

group were used to identify children with clinically significant emotional problems, conduct 

problems, inattention/hyperactivity and peer relationship problems. Congruence between 

parent and teacher reports of clinically significant difficulties was used to identify children 

with pervasive problems in each domain as these have been shown to have good diagnostic 

utility for childhood psychiatric disorders.29 Data relating to behavioral, social and 

emotional outcomes at six years of age have been reported previously.13

Outcome Measures at Eleven Years of Age (EP Children and Controls)

The primary outcome for this study was ADHD symptoms assessed using the Du Paul 

ADHD Rating Scale-IV (ADHD RS-IV)30 completed by parents and teachers. This 18-item 

questionnaire, based on the diagnostic criteria for ADHD as described in DSM-IV31, 

comprises two sub-scales to assess Inattention (nine items) and Hyperactivity/Impulsivity 

(nine items) symptoms. Three summary scores were derived for Inattention, Hyperactivity/

Impulsivity and Total ADHD symptoms. For all scales, higher scores indicated a greater 

frequency of symptoms. To enable direct comparison of scores across scales, standard 

deviation scores (SDS; Mean 0, SD 1) were calculated for the three summary scores using 

age- and sex-specific control data as the reference. Similarly, a SDS of the mean of the 

parent and teacher scores was also computed for each child to provide aggregated multi-

informant data recommended for assessing childhood psychopathology, particularly 

ADHD.29, 32 The ADHD RS-IV is widely used for clinical and research purposes and has 

good psychometric properties; the sub-scales have high levels of internal consistency and 

test-retest reliability30 and the scale has good discriminative validity for differentiating 

children with ADHD/I from children with ADHD/C sub-type disorders.33 At 11 years of 

age, a clinical evaluation was also performed from which impairment in vision, hearing and 

motor function was classified for each child. These classifications were combined with 

concurrent IQ (MPC) scores to identify children with mild, moderate or severe 

neurodevelopmental disability using standard definitions. These data have been published 

previously.20 Highest parental occupation was classified into four categories (I: professional/

managerial; II: intermediate; III routine /manual; IV: long-term unemployed/never worked) 

using the UK National Statistics socio-economic classification system.

Statistical Analysis

Data were analysed using STATA 10.34 All growth SDS were calculated in STATA using the 

1990 British Growth Standards for age and sex. Differences in ADHD-RS-IV scores 

between EP children and term-born controls were analysed using linear regression with 

results presented as differences in means with 95% confidence intervals (95% CI). A 

sensitivity analysis using multiple imputation was used to estimate the effect on inattention 

symptoms in the whole population of EP children alive at 11 years of age. Additionally, in 
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children with IQ in the average range (MPC ≥90) and for subgroups of children with 

differing severity of neurodevelopmental disability at 11 years of age, differences in ADHD 

symptoms between EP children and controls were explored using multivariable linear 

regression to adjust for IQ (MPC at 11 years of age).

To explore antecedents of ADHD symptoms in EP children, variables were established a 
priori as potential predictors because of their documented association with adverse 

neurodevelopmental outcomes, and their univariable associations with ADHD symptoms 

were tested. Multivariate analysis was then used to test whether each predictor variable had 

significantly different associations with the combined parent and teacher inattention SDS 

versus combined parent and teacher hyperactivity/impulsivity SDS.

Multiple linear regression was then used to identify significant independent predictors 

separately for inattention and for hyperactivity/impulsivity symptoms in EP children at 11 

years of age. All P values are 2-sided and statistical significance is p<0.05.

RESULTS

Study Sample

Questionnaire response rates and the characteristics of children assessed at 11 years of age 

are shown in Table 1. ADHD-RS-IV questionnaires were completed by up to 92% of parents 

and up to 95% of class teachers. Both parent and teacher questionnaires were received for 

172 (79%) EP children and 134 (88%) controls. There were no significant differences in age 

and sex between EP children and controls, however parents of EP children had significantly 

lower occupational status compared with parents of controls (Table 1).

A dropout analysis of EP survivors not assessed at 11 years and those with incomplete data 

(n=135) versus those with complete data (n=172) was conducted. This revealed that 

dropouts were significantly more likely to have parents of lower occupational status, non-

white maternal ethnic origin, to have had NEC during the neonatal period or to have had a 

diagnosis of cerebral palsy or serious neurodevelopmental disability at two years of age.

ADHD Symptoms at Eleven Years of Age

The distribution of parent and teacher rated inattention and hyperactivity/impulsivity scores 

for EP children and controls is shown in Figure 1. Between-group differences in mean scores 

are shown in Table 2. Amongst all children assessed at eleven years, parents and teachers 

both rated EP children with significantly greater symptoms of inattention (Mean difference 

scores on parent ratings: 1.3 SD, 95% CI 0.9 to 1.6; Mean difference scores on teacher 

ratings: 1.0 SD, 95% CI 0.7 to 1.2) and hyperactivity/impulsivity (Mean difference scores on 

parent ratings: 0.7 SD, 95% CI 0.4 to 0.9; Mean difference scores on teacher ratings: 0.4 SD, 

95% CI 0.1 to 0.6) than term-born controls. For both parents and teachers, the effect size 

was consistently greater for inattention (parent 1.3 SD; teacher 1.0 SD) than hyperactivity/

impulsivity (parent 0.7 SD; teacher 0.40 SD). Among EP children, both parent and teacher 

rated inattention scores were significantly higher than hyperactivity/impulsivity scores 

(p<0.001).
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When children with both parent and teacher data were considered (EP n=172; Control 

n=134), parents rated EP children with significantly higher inattention (mean difference: 1.2 

SD, 95% CI 0.9 to 1.5) and hyperactivity/impulsivity (mean difference: 0.6 SD, 95% CI 0.4 

to 0.9) than controls, with a greater effect size for inattention than hyperactivity/impulsivity. 

In contrast, teachers rated EP children with significantly higher inattention (mean difference: 

0.8 SD, 95% CI 0.6 to 1.1) but not hyperactivity/impulsivity (mean difference: 0.2 SD, 95% 

CI −0.0 to 0.4) than controls (Table 2). Inattention and hyperactivity/impulsivity scores were 

highly correlated in both groups (EP children r=0.72; Control r=0.80; p <0.001) and analysis 

of the mean of the parent and teacher SDS produced the same pattern of results with 

significant between-group differences in both symptom domains and a significantly greater 

effect size for inattention (mean difference 1.2 SD; 95% CI 0.9 to 1.5) compared to that for 

hyperactivity/impulsivity (mean difference 0.5 SD; 95% CI 0.2 to 0.7) (Table 2). Using 

multiple imputation to estimate the effect on outcomes in the whole population of EP 

children alive at 11 years of age, the mean difference in inattention was 1.3 SD (95% CI 1.06 

to 1.49).

ADHD symptom scores by severity of neurodevelopmental disability at 11 years of age are 

shown in Table 3. The differences are consistent with the results by group overall, with no 

significant differences between EP children and controls in hyperactivity/impulsivity in any 

disability subgroup. For those with no or mild disabilities, EP children had significantly 

higher inattention scores than controls. Adjustment for IQ attenuated this effect but with a 

significant difference remaining between EP children and controls with no disabilities. In the 

combined mild and no disabilities subgroup, the difference in inattention after adjustment 

for IQ remained statistically significant at 0.43 SD (0.12 to 0.74). This effect was unaltered 

when also adjusting for parental occupational status at 11 years.

Antecedents of ADHD Symptoms in EP Children: Univariable Analyses

The association of combined parent and teacher ADHD-RS-IV SDS with all neonatal, two-

year and six-year variables detailed in the methods was explored. Table 4 shows those 

variables that were significantly associated on univariable analyses and whether these 

differed by symptom domain.

Of birth characteristics and neonatal variables examined, not having received any breast milk 

by discharge was significantly associated with both higher inattention (0.84 SD, 95% CI 

0.19 to 1.48) and higher hyperactivity/impulsivity (0.69 SD, 95% CI 0.24 to 1.15) symptoms 

and the effect did not differ significantly between symptom domains. Male sex was 

significantly associated with higher hyperactivity/impulsivity (0.33 SD, 95% CI 0.01 to 

0.64) but not quite with inattention (0.41 SD, 95% CI −0.04 to 0.86) scores.

Of data collected at two years, higher scores for parent rated internalizing and externalizing 

behavior problems were significantly associated with inattention (internalizing: 0.38 SD, 

95% CI 0.17 to 0.58; externalizing: 0.38 SD, 95% CI 0.16 to 0.60) and hyperactivity/

impulsivity (internalizing: 0.23 SD, 95% CI 0.08 to 0.38; externalizing: 0.32 SD, 95% CI 

0.16 to 0.48) at 11 years, but there was no significant difference in the strength of these 

associations between symptom domains. Lower parental occupational status at two years 

was significantly associated with hyperactivity/impulsivity (0.22 SD, 95% CI 0.02 to 0.42), 
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but not quite with inattention (0.24 SD, 95% CI −0.04 to 0.53). Notably, cognitive 

impairment, lower MDI and PDI scores, functional disability and smaller head 

circumference were significantly associated with symptoms of both inattention (cognitive 

impairment: 1.12 SD, 95% CI 0.47 to 1.77; MDI score per 10 point increase: −0.38 SD, 95% 

CI −0.54 to −0.22; PDI score per 10 point increase: −0.39 SD, 95% CI −0.54 to −0.25; 

functional disability: 0.52 SD, 95% CI 0.23 to 0.81; OFC per SDS: −0.37 SD, 95% CI −0.53 

to −0.20) and hyperactivity/impulsivity (cognitive impairment: 0.50 SD, 95% CI 0.03 to 

0.96; MDI score per 10 point increase: −0.19 SD, 95% CI −0.30 to −0.07; PDI score per 10 

point increase: −0.19 SD, 95% CI −0.29 to −0.08; functional disability: 0.30 SD, 95% CI 

0.09 to 0.51; OFC per SDS: −0.22 SD, 95% CI −0.33 to −0.10) but, in each case, the effect 

size was significantly greater for inattention than for hyperactivity/impulsivity (Table 4).

Again, at six years of age, indices of poor neurodevelopmental function, namely cognitive 

impairment, functional disability, smaller head circumference and lower MPC scores, were 

significantly associated with inattention (cognitive impairment: 1.16 SD, 95% CI 0.70 to 

1.62; functional disability: 1.06 SD, 95% CI 0.61 to 1.50; OFC per SDS: −0.27 SD, 95% CI 

−0.40 to −0.13); MPC per 10 points: −0.35 SD, 95% CI −0.48 to −0.23) and hyperactivity/

impulsivity (cognitive impairment: 0.61 SD, 95% CI 0.27 to 0.96; functional disability: 0.44 

SD, 95% CI 0.10 to 0.78; OFC per SDS: −0.14 SD, 95% CI −0.23 to −0.04); MPC per 10 

points: −0.21 SD, 95% CI −0.30 to −0.12) at 11 years of age, and in each case the effect size 

was significantly greater for inattention than hyperactivity/impulsivity (Table 4).

A similar pattern of findings was observed for measures of neuropsychological abilities. 

Poorer performance on tests of sensorimotor skills, visuospatial processing and attention/

executive function was associated with symptoms of both inattention (sensorimotor per 10 

points: −0.34 SD, 95% CI −0.47 to −0.20; visuospatial per 10 points: −0.40 SD, 85% CI 

−0.54 to −0.25; attention/executive function per 10 points −0.27 SD, 95% CI −0.42 to −0.12) 

and hyperactivity/impulsivity (sensorimotor per 10 points: −0.19 SD, 95% CI −0.28 to 

−0.09; visuospatial per 10 points: −0.20 SD, 85% CI −0.32 to −0.09; attention/executive 

function per 10 points −0.15 SD, 95% CI −0.26 to −0.04). The associations of poorer 

performance with symptoms of inattention were significantly stronger than with 

hyperactivity/impulsivity in all three domains assessed (Table 4).

As noted above, the SDQ was used to identify children with pervasive problems in each 

domain, that is, where both the parent and teacher rated the child with clinically significant 

difficulties. Analysis of SDQ data revealed that pervasive conduct problems at 6 years were 

associated with higher inattention (2.02 SD, 95% CI 1.04 to 3.00) and hyperactivity/

impulsivity 1.71 SD, 95% CI 1.00 to 2.40), and the strength of these associations did not 

differ between domains. Similarly, pervasive hyperactivity/inattention at 6 years was 

associated with inattention (1.18 SD, 95% CI 0.60 to 1.76) and hyperactivity/impulsivity 

(1.00 SD, 95% CI 0.58 to 1.43), and the strength of these associations did not differ between 

domains. However, whilst pervasive peer relationship difficulties on the SDQ were also 

associated with both higher inattention (1.63 SD, 95% CI 1.00 to 2.26) and hyperactivity/

impulsivity (0.75 SD, 95% CI 0.26 to 1.24), the association was significantly stronger for 

inattention than for hyperactivity/impulsivity symptoms.
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Independent Predictors of ADHD Symptoms in EP children: Multivariable Analyses

As many of the predictor variables were highly correlated, multivariable linear regressions 

were used to identify significant independent predictors of ADHD symptoms in EP children 

using the combined parent and teacher ADHD-RS-IV scores for each domain. When all 

potential predictors were included in the model the following was observed (Table 5).

By discharge from hospital, not having received any breast milk was significantly associated 

with greater symptoms of both inattention (0.89 SD, 95% CI 0.25 to 1.52) and hyperactivity/

impulsivity (0.57 SD, 95% CI 0.11 to 1.04), while non-white maternal ethnicity and an 

abnormal cerebral ultrasound scan were significantly associated with greater inattention only 

(non-white ethnicity: 0.58 SD, 95% CI 0.01 to 1.14; abnormal CUSS: 0.61 SD, 95% CI 0.01 

to 1.22). Having been transferred within the first 24 hours after birth was significantly 

associated only with higher hyperactivity/impulsivity at 11 years (0.50 SD, 95% CI 0.02 to 

0.98) (Table 5).

At two years of age, a smaller head circumference, internalizing behavior problems and 

lower PDI scores were associated with inattention at 11 years (OFC per SDS: −0.29 SD, 

95% CI −0.45 to −0.13; internalizing problems: 0.29 SD, 95% CI 0.01 to 0.50; PDI per 10 

points: −0.30 SD, 95% CI −0.44 to −0.16). A smaller head circumference was also 

associated with greater hyperactivity/impulsivity (−0.16 SD; 95% CI −0.27 to −0.05), but 

the coefficient was smaller than that for inattention. Additionally, higher hyperactivity/

impulsivity scores were significantly associated with externalizing behavior problems (0.28 

SD, 95% CI 0.12 to 0.43), not having received breast milk by discharge from hospital (0.50 

SD, 95% CI 0.07 to 0.93) and an abnormal cranial ultrasound scan (0.48 SD, 95% CI 0.05 to 

0.90).

By six years of age, neurodevelopmental factors explained 41% of the variance in inattention 

scores and 31% of the variance in hyperactivity/impulsivity scores. Specifically, a smaller 

head circumference (OFC per SDS: −0.30 SD, 95% CI −0.46 to −0.13), lower MPC scores 

(MPC per 10 points: −0.18 SD, 95% CI −0.33 to −0.03), pervasive conduct problems (1.17 

SD, 95% CI 0.22 to 2.1) and pervasive peer relationship problems (1.01 SD, 95% CI 0.44 to 

1.58) at six years and lower PDI scores at two years (PDI per 10 points −0.20 SD, 95% CI 

−0.36 to −0.05) were independently associated with greater inattention at 11 years (Table 4). 

Although MPC scores at six years and PDI scores at two years were highly correlated (R2 = 

0.64), for inattention each was significant after adjustment for the other. For hyperactivity/

impulsivity, lower MPC scores (MPC per 10 points: −0.11 SD, −0.20 to −0.01), pervasive 

conduct problems (1.22 SD, 0.54 to 1.90) and pervasive hyperactivity/inattention problems 

(0.54 SD, 95% CI 0.11 to 0.98) on the SDQ at six years, externalizing behavior problems at 

two years (0.22 SD, 95% CI 0.06 to 0.38) and non-white maternal ethnicity (0.50 SD, 95% 

CI 0.09 to 0.90) were associated with higher scores.

DISCUSSION

In this national population-based cohort study, we observed a significant excess of ADHD 

symptoms in EP children at 11 years of age compared with their term-born peers along both 

symptom dimensions. In particular, between-group differences were greater for inattention 
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than hyperactivity/impulsivity, with average effect sizes of 1.2 SD and 0.5 SD for inattention 

and hyperactivity/impulsivity scores respectively. EP children also had significantly greater 

symptoms of inattention than hyperactivity/impulsivity on both parent and teacher reports, a 

pattern of findings that was not observed in the term control group. Although both 

inattention and hyperactivity/impulsivity were affected, these results indicate a stronger 

association of EP birth with the development of attention deficits than with hyperactive or 

impulsive behaviors. As shown in Figure 1, this may be conceptualized as EP birth shifting 

the normal distribution of inattention symptoms to the right. Whilst EP children with lower 

IQ or more severe neurodevelopmental disability had greater inattention scores, there was 

still a significant excess of inattention symptoms in EP children without disability and after 

adjustment for IQ.

This pattern of findings has previously been observed in children born very preterm or with 

ELBW in both dimensional4, 9, 11, 12, 14-16 and diagnostic studies in this5 and other 

cohorts.14 As noted earlier, this phenotypic profile has led authors to suggest that ADHD 

following preterm birth may arise from core deficits in attention that are associated with 

aberrant brain development following delivery at extremely low gestations.5, 35, 36 Indeed, 

there is increasing evidence for a bi-factor model of ADHD in which disorders characterized 

by core deficits in attention (ADHD/I) may be considered as neurobiologically and 

behaviorally distinct from those in which a clinically elevated level of hyperactivity/

impulsivity is also present (i.e., ADHD/C or ADHD/H).37, 38 That ADHD sub-types may be 

characterized as separable disorders with differing underlying neural substrates is illustrated 

in the case of children born preterm in which the phenotypic profile differs from that of 

children with ADHD in the general population.2, 8 However, the relatively greater risk for 

inattention has not been observed in all studies.3, 7, 39 In the present study it is important to 

note that we also observed a significant increase in hyperactivity/impulsivity symptoms in 

EP children suggesting that the preponderance of inattention is accompanied by a sub-

threshold increase in hyperactivity/impulsivity. As such, we would suggest that ADHD 

following EP birth is primarily rather than purely an attention deficit disorder. The excess of 

inattention symptoms was not explained by lower general cognitive ability following EP 

birth in those with IQ in the average range, as EP children with MPC ≥90 still had greater 

inattention than controls with MPC ≥90 when adjusting for MPC. However, this was not true 

for hyperactivity/impulsivity which was accounted for by poorer general cognitive ability in 

EP children with MPC ≥90.

Our exploration of antecedents of ADHD symptoms in EP children revealed clear 

differences in the strength of associations between clinical and neurodevelopmental factors 

and ADHD symptom domains. Indices of poor brain growth or neurological function, 

including smaller head circumference at two and six years, cognitive impairment, lower 

developmental test scores at two years, and poorer IQ and neuropsychological skills at six 

years, had significantly stronger associations with symptoms of inattention than with 

hyperactivity/impulsivity. Conversely, male sex and low parental occupational status were 

significantly associated only with the development of hyperactivity/impulsivity on 

univariable analyses. These results support the hypothesis that inattention following EP birth 

is associated with aberrant brain development and suggest that factors affecting the 

development of ADHD may be symptom specific. Indeed, studies of children with ADHD in 
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community based samples have shown that inattentive and hyperactive/impulsive behaviors 

are associated with different neuropsychological profiles37 and this is borne out in a number 

of studies of children born preterm. Nadeau and colleagues40 observed different mediators 

of the relationship between EP birth and ADHD symptoms, with hyperactivity/impulsivity 

being mediated by general intellectual delay and inattention by deficits in working memory. 

In children born EP/ELBW, neuropsychological measures of attention have also been 

differentially associated with inattention versus hyperactivity/impulsivity, suggesting that the 

correlates of ADHD are symptom-specific.16 However, Mulder and colleagues reported that 

processing speed and working memory were associated with both inattention and 

hyperactivity/impulsivity in VP children, although this was based on a small sample and 

used ≤3 questionnaire items to assess ADHD symptom dimensions.10

For both symptom domains, not having received breast milk by discharge from hospital was 

associated with higher levels of inattention and hyperactivity/impulsivity in both univariable 

and multivariable analyses. Although the lack of breast milk has previously been associated 

with the development of Autism Spectrum Disorders in this cohort,41 this association is 

complex to interpret; it is difficult to disentangle to the degree to which factors such as early 

attachment, neurological deficits, gastrointestinal disorders and the putative role of breast 

milk in neuronal development contribute to psychiatric outcomes.

The results of our multivariable analyses indicate potential risk factors for later attention 

difficulties in EP children and may be helpful in identifying children at risk in routine 

clinical follow-up. Those with abnormal cranial ultrasound scans during the neonatal period 

were at higher risk, as were those born to non-white mothers and with smaller head 

circumference and poor developmental test scores, particularly for motor development, at 

two years of age. Interestingly, high scores on parent completed behavioral screening tools 

at two and six years of age were associated with greater ADHD symptoms at 11 years. In 

general, internalizing problems and peer relationship difficulties were associated with an 

increased risk for inattention, and externalizing difficulties or conduct problems with an 

increased risk for hyperactivity/impulsivity. This is suggestive of differing comorbid 

symptoms for ADHD subtypes in this population and supports early identification of 

children at risk through easily applied screening tests and detection of potentially modifiable 

risk factors. Indeed, parent ratings on both the CBCL and SDQ have previously been shown 

to predict later psychiatric disorders, and we have previously reported that behavioural 

screening measures have good predictive validity in preterm cohorts.6 As such, screening for 

behavior problems in preterm survivors may have clinical utility for identifying children at 

risk and timely identification of children with attention deficits may facilitate the provision 

of early intervention strategies. Behavioral parent training is frequently recommended as an 

evidence-based psychosocial intervention for improving functional outcomes in children at 

risk of developing ADHD42, 43 and may therefore be offered to preterm children who exhibit 

risk factors on preschool assessments. There is also emerging interest in the efficacy of 

attentional training in infancy and early childhood for improving cognitive control and 

preventing ADHD symptoms.44, 45 However it remains an open question whether such 

approaches may help ameliorate attentional impairments in children born EP.
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In general, parent ratings of ADHD symptoms were higher than teacher ratings for EP 

children by up to 0.4 SD, but this was not observed in the control group. This may be due to 

parents’ sensitivity and perception of their child’s birth status compared to teachers who 

may not be aware of a child’s clinical history. Teachers also have several children to 

compare to in the class which may result in underrating compared to parents. It has also 

been noted that teachers’ ADHD scores can show instability over time32 and because we 

cannot tell how knowledge of children’s birth status may have affected individual's 

responses we used the average of the parent and teacher's scores for exploring antecedents of 

ADHD symptoms.

The strengths of this study lie in the use of longitudinal data from a large national, 

population-based study of outcomes following EP birth. Validated tools were used to assess 

neurodevelopmental outcomes from two to six years of age and ADHD symptoms at 11 

years of age. Examiners were also blind to children’s group allocation and clinical history 

when conducting assessments. We also obtained multi-informant data on behavioral 

outcomes at both six and 11 years as recommended for assessing childhood mental health 

outcomes.29, 46 However, despite the sample being drawn from the whole British Isles, there 

are limitations to our conclusions. Dropout analyses revealed that EP children who were not 

assessed at 11 years of age were more likely to have poorer neurodevelopmental and 

cognitive outcomes at 2.5 and 6 years of age than those who were assessed. As poor 

neurodevelopmental outcomes were associated with increased ADHD symptoms, 

particularly inattention, the selective dropout may have the effect of underestimating the 

prevalence and severity of ADHD symptoms in the whole EP population. A sensitivity 

analysis suggests that the effect on inattention in the total EP population is a slight 

underestimate (−0.1 SD). However if the relationship between predictors and outcomes in 

the dropouts versus those assessed is similar (i.e., the data are Missing at Random), the 

relationships shown should not be biased. We also noted that the parents of EP children had 

lower occupational status than those of the controls. This may have impacted on our findings 

in terms of inflating the mean difference in ADHD symptoms between the EP children and 

controls. Future studies could explore the impact of various indices of socio-economic status 

on the development of ADHD symptoms in this population and the role of other key factors 

such as maternal substance abuse or alcohol use. As our findings are based on EP children, 

caution should be taken if generalizing to children born at later preterm gestations. Future 

studies should further explore the etiology of ADHD in preterm populations, including those 

born at more mature preterm gestations, to determine the best approaches to treatment. Such 

studies should focus on elucidating the specific cognitive and social processes that underlie 

ADHD symptoms, particularly inattention, to aid in the development of intervention 

strategies for reducing the severity and impact of such difficulties on everyday functioning. 

Given the high levels of ADHD and ASD in this population, the co-occurrence of 

antecedents (e.g., cognitive impairments, not having received breast milk by discharge) and 

the association of peer relationship difficulties with inattention symptoms, future studies 

investigating comorbidities in this population are warranted. In addition, we utilized a 

dimensional approach to explore antecedents of the ADHD symptoms, for which we used 

parent and teacher reports to assess psychopathology. Future research should explore the 

role of neurodevelopmental and neuropsychological factors in the development of attention 
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deficits measured through direct testing and diagnostic assessments of ADHD. Here we 

explored the presence of ADHD symptoms which may overestimate hyperactivity/

inattention problems compared with diagnostic assessments of ADHD.47 Moreover, the 

presence of comorbid psychiatric conditions, such as anxiety disorders and autism spectrum 

disorders which are more common among preterm survivors than children in the general 

population, may have impacted on the associations reported here. Future studies should 

explore the influence of other psychopathology on ADHD symptoms and the role of 

neurodevelopmental factors in EP children with comorbid disorders.

In summary, we have shown that EP children are at increased risk for ADHD symptoms, 

predominantly inattention, which are associated with neuro-cognitive deficits, peer 

relationship problems and internalizing behaviors earlier in childhood. This may have 

significant long-term implications as inattention rather than hyperactivity/impulsivity has a 

greater impact on academic achievement and life chances in preterm children.14 Early 

cognitive and behavioral assessments may therefore be beneficial for early instigation of 

support to minimize the impact of these problems on longer term mental health and 

educational attainment.
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Figure 1. 
Distribution of parent (Figure 1a) and teacher (Figure 1b) total scores for symptoms of 

inattention and hyperactivity/impulsivity at 11 years of age in extremely preterm children 

(EPICure) and term-born controls. Higher scores indicate greater symptoms. Bars indicate 

group mean and SD.
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Table 1

Characteristics of extremely preterm children and tern-born controls assessed at 11 years of age.

All children

Term controls (n=153) EP children (n=219)

ADHD RS-IV completed

Parent n (%) 140 (92) 189 (86)

Teacher n (%) 146 (95) 197 (90)

Parent & teacher n (%) 134 (88) 172 (79)

Neither n (%) 1 (1) 5 (2)

Children with parent & teacher data

Term controls (n=134) EP children (n=172)

Age in months Mean (SD) 131 (6.7) 130 (4.3)

Male n (%) 56 (42) 77 (45)

Parent occupational status*

  1 (highest) n (%) 73 (57) 70 (43)

  2 n (%) 20 (16) 40 (24)

  3 n (%) 32 (25) 44 (27)

  4 (lowest) n (%) 3 (2) 9 (6)

Data at 2 years n (%) n/a 169 (98)

Data at 6 years n (%) 96 (72) 160 (93)

Neurodevelopmental outcomes

 Any neurodevelopmental impairment 2 (1.5%) 69 (40.1%)

 Vision impairment 0 12 (7%)

 Hearing impairment 0 3 (1.7%)

 Gross motor impairment 0 11 (6.4%)

 Cognitive impairment 2 (1.5%) 59 (34%)

*
Controls n=128, EP n=163; p=0.04.
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Table 2

ADHD symptoms in extremely preterm (EP; < 26 weeks gestation) children and term-born (≥37 weeks 

gestation) controls at 11 years of age assessed using the Du Paul ADHD Rating Scale-IV.

All children

Term EP Difference in means

Mean (SD) Mean (SD) Raw score (95% CI) SD score# (95% CI)

Parent Scores n=140 n=189

Inattention 3.6 (4.1) 8.8 (6.9) 5.1 (3.8 to 6.4)*** 1.3 (0.9 to 1.6)***

Hyperactivity/Impulsivity 2.6 (4.1) 5.3 (5.5) 2.7 (1.6 to 3.8)*** 0.7 (0.4 to 0.9)***

Teacher Scores n=146 n=197

Inattention 3.3 (4.9) 7.9 (7.1) 4.6 (3.3 to 6.0)*** 1.0 (0.7 to 1.2)***

Hyperactivity/Impulsivity 2.1 (4.2) 3.7 (5.4) 1.6 (0.6 to 2.7)** 0.4 (0.1 to 0.6)**

Children with both parent & teacher data

Term EP Difference in means

Mean (SD) Mean (SD) Raw score (95% CI) SD score# (95% CI)

Parent Scores n=134 n=172

Inattention 3.7 (4.2) 8.7 (6.7) 5.0 (3.7 to 6.3)*** 1.2 (0.9 to 1.5)***

Hyperactivity/Impulsivity 2.6 (4.2) 5.2 (5.4) 2.6 (1.5 to 3.7)*** 0.6 (0.4 to 0.9)***

Teacher Scores n=134 n=172

Inattention 3.0 (4.6) 7.0 (6.5) 3.9 (2.6 to 5.3)*** 0.8 (0.6 to 1.1)***

Hyperactivity/Impulsivity 2.1 (4.3) 2.9 (4.4) 0.8 (−0.2 to 1.8) 0.2 (−0.0 to 0.4)

Mean of parent & teacher n=134 n=172

Inattention 3.3 (4.9) 7.9 (7.1) 4.5 (3.3 to 5.6)*** 1.2 (0.9 to 1.5)***

Hyperactivity/Impulsivity 2.1 (4.2) 3.7 (5.4) 1.7 (0.8 to 2.7)** 0.5 (0.2 to 0.7)**

Mean of parent & teacher in children with MPC ≥90 at 11 years 
$

n=124 n=74

Inattention 3.1 (3.7) 5.4 (5.3) 1.5 (0.24 to 2.8)* 0.42 (0.10 to 0.75)*

Hyperactivity/Impulsivity 2.2 (3.5) 2.7 (3.6) 0.1 (−0.9 to 1.2) 0.05 (−0.23 to 0.33)

Higher scores indicate greater ADHD symptoms.

#
SD Standard Deviation score using the term-born controls as the reference (term control group mean = 0; SD = 1).

$
Adjusted for MPC at 11 years.

*
p<0.05,

**
p<0.01,
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***
p<0.001.
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Table 3

Du Paul ADHD Rating Scale-IV SD scores in extremely preterm (EP; < 26 weeks gestation) children and 

term-born (≥37 weeks gestation) controls at 11 years of age by neurodevelopmental disability subgroup.

Neurodevelopmental disability at 11 years* (number EP : Term)

None Mild Moderate Severe

(30 : 97) (73 : 35) (50 : 2) (19 : 0)

Mean (SD) Inattention SD score

EP 0.47 (1.4) 0.83 (1.3) 1.69 (1.5) 2.1 (1.5)

Term −0.11 (0.9) 0.23 (1.1) 1.23 (0.2) -

EP vs. Term

Mean difference (95% CI) 0.58 (0.13 to 1.02) 0.61 (0.11 to 1.11) 0.46 (−0.17 to 2.6) -

Adjusted for IQ 0.50 (0.05 to 0.95) 0.38 (−0.11 to 0.85) - -

Mean (SD) Hyperactivity/Impulsivity SD score

EP −0.05 (0.8) 0.27 (0.9) 0.69 (1.1) 1.25 (1.2)

Term −0.06 (0.9) 0.13 (1.2) 0.54 (1.4) -

EP vs. Term

Mean difference (95% CI) 0.00 (−0.37 to 0.38) 0.14 (−0.27 to 0.54) 0.15 (−1.5 to 1.8) -

Adjusted for IQ −0.14 (−0.03 to 0.004) 0.02 (−0.04 to −0.003) - -

*
Neurodevelopmental disability was classified using the child’s most severe level of impairment in any one or more of vision, motor, hearing or 

cognitive function. Detailed definitions have been published previously.20

J Dev Behav Pediatr. Author manuscript; available in PMC 2016 November 01.



 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts

Johnson et al. Page 22

Ta
b

le
 4

Si
gn

if
ic

an
t u

ni
va

ri
ab

le
 a

ss
oc

ia
tio

ns
 w

ith
 c

om
bi

ne
d 

pa
re

nt
 a

nd
 te

ac
he

r 
A

D
H

D
-R

S-
IV

 S
D

 s
co

re
s 

in
 e

xt
re

m
el

y 
pr

et
er

m
 c

hi
ld

re
n 

at
 1

1 
ye

ar
s 

of
 a

ge
.

In
at

te
nt

io
n 

SD
 S

co
re

 (
A

)
H

yp
er

ac
ti

vi
ty

/I
m

pu
ls

iv
it

y 
SD

 S
co

re
 (

B
)

Si
gn

if
ic

an
ce

 o
f 

di
ff

er
en

t 
ef

fe
ct

 o
f 

pr
ed

ic
to

r 
va

ri
ab

le
 o

n 
(A

) 
an

d 
(B

) 
1

C
oe

ff
ic

ie
nt

 (
95

%
 C

I)
p

C
oe

ff
ic

ie
nt

 (
95

%
 C

I)
p

p-
va

lu
e

N
eo

na
ta

l V
ar

ia
bl

es

M
al

e 
se

x
0.

41
 (

−
0.

04
 to

 0
.8

6)
0.

07
0.

33
 (

0.
01

 t
o 

0.
64

)
0.

04
0.

66

N
ot

 r
ec

ei
ve

d 
an

y 
br

ea
st

 m
ilk

 b
y 

di
sc

ha
rg

e
0.

84
 (

0.
19

 t
o 

1.
48

)
0.

01
2

0.
69

 (
0.

24
 t

o 
1.

15
)

0.
00

3
0.

47

T
w

o 
ye

ar
 o

ut
co

m
es

Pa
re

nt
 o

cc
up

at
io

na
l s

ta
tu

s 
(p

er
 c

at
eg

or
y)

2
0.

24
 (

−
0.

04
 to

 0
.5

3)
0.

09
0.

22
 (

0.
02

 t
o 

0.
42

)
0.

03
2

0.
79

C
og

ni
tiv

e 
im

pa
ir

m
en

t3
1.

12
 (

0.
47

 t
o 

1.
77

)
0.

00
1

0.
50

 (
0.

03
 t

o 
0.

96
)

0.
03

7
0.

01

B
SI

D
-I

I 
M

en
ta

l D
ev

el
op

m
en

t I
nd

ex
 (

pe
r 

10
 p

oi
nt

s)
−0

.3
8 

(−
0.

54
 t

o 
0.

22
)

<0
.0

01
−0

.1
9 

(−
0.

30
 t

o 
−0

.0
7)

0.
00

2
<0

.0
01

B
SI

D
-I

I 
Ps

yc
ho

m
ot

or
 D

ev
el

op
m

en
t I

nd
ex

 (
pe

r 
10

 p
oi

nt
s)

−0
.3

9(
−0

.5
4 

to
 −

0.
25

)
<0

.0
01

−0
.1

9 
(−

0.
29

 t
o 

−0
.0

8)
0.

00
1

<0
.0

01

Se
ri

ou
s 

fu
nc

tio
na

l d
is

ab
ili

ty
0.

52
 (

0.
23

 t
o 

0.
81

)
0.

00
1

0.
30

 (
0.

09
 t

o 
0.

51
)

0.
00

5
0.

03

H
ea

d 
ci

rc
um

fe
re

nc
e 

(p
er

 S
D

S)
−0

.3
7 

(−
0.

53
 t

o 
−0

.2
0)

<0
.0

01
−0

.2
2 

(−
0.

33
 t

o 
−0

.1
0)

<0
.0

01
0.

01

C
B

C
L

 I
nt

er
na

lis
in

g 
be

ha
vi

ou
r 

pr
ob

le
m

s 
(p

er
 1

0 
po

in
ts

)4
0.

38
 (

0.
17

 t
o 

0.
58

)
<0

.0
01

0.
23

 (
0.

08
 t

o 
0.

38
)

0.
00

3
0.

06

C
B

C
L

 E
xt

er
na

lis
in

g 
be

ha
vi

ou
r 

pr
ob

le
m

s 
(p

er
 1

0 
po

in
ts

) 
4

0.
38

 (
0.

16
 t

o 
0.

60
)

0.
00

1
0.

32
 (

0.
16

 t
o 

0.
48

)
<0

.0
01

0.
48

Si
x 

ye
ar

 o
ut

co
m

es

C
og

ni
tiv

e 
im

pa
ir

m
en

t5
1.

16
 (

0.
70

 t
o 

1.
62

)
<0

.0
01

0.
61

 (
0.

27
 t

o 
0.

96
)

0.
00

1
0.

00
1

M
en

ta
l P

ro
ce

ss
in

g 
C

om
po

si
te

 s
co

re
 (

pe
r 

10
 p

oi
nt

s)
−0

.3
5 

(−
0.

48
 t

o 
−0

.2
3)

<0
.0

01
−0

.2
1 

(−
0.

30
 t

o 
−0

.1
2)

<0
.0

01
0.

00
3

Se
ri

ou
s 

fu
nc

tio
na

l d
is

ab
ili

ty
1.

06
 (

0.
61

 t
o 

1.
50

)
<0

.0
01

0.
44

 (
0.

10
 t

o 
0.

78
)

0.
01

1
<0

.0
01

H
ea

d 
ci

rc
um

fe
re

nc
e 

(p
er

 S
D

S)
−0

.2
7 

(−
0.

40
 t

o 
−0

.1
3)

<0
.0

01
−0

.1
4 

(−
0.

23
 t

o 
−0

.0
4)

0.
00

6
0.

00
5

SD
Q

 P
er

va
si

ve
 c

on
du

ct
 p

ro
bl

em
s6

2.
02

 (
1.

04
 t

o 
3.

00
)

<0
.0

01
1.

71
 (

1.
00

 t
o 

2.
40

)
0.

00
3

0.
39

SD
Q

 P
er

va
si

ve
 h

yp
er

ac
tiv

ity
 p

ro
bl

em
s6

1.
18

 (
0.

60
 t

o 
1.

76
)

<0
.0

01
1.

00
 (

0.
58

 t
o 

1.
43

)
<0

.0
01

0.
45

SD
Q

 P
er

va
si

ve
 p

ee
r 

re
la

tio
ns

hi
p 

pr
ob

le
m

s6
1.

63
 (

1.
00

 t
o 

2.
26

)
<0

.0
01

0.
75

 (
0.

26
 t

o 
1.

24
)

0.
00

3
<0

.0
01

N
E

PS
Y

 S
en

so
ri

m
ot

or
 s

ki
lls

 (
pe

r 
10

 p
oi

nt
s)

7
−0

.3
4 

(−
0.

47
 t

o 
−0

.2
0)

<0
.0

01
−0

.1
9 

(−
0.

28
 t

o 
−0

.0
9)

<0
.0

01
0.

00
3

N
E

PS
Y

 V
is

uo
sp

at
ia

l p
ro

ce
ss

in
g 

(p
er

 1
0 

po
in

ts
) 

7
−0

.4
0 

(−
0.

54
 t

o 
−0

.2
5)

<0
.0

01
−0

.2
0 

(−
0.

32
 t

o 
−0

.0
9)

<0
.0

01
<0

.0
01

N
E

PS
Y

 A
tte

nt
io

n/
E

xe
cu

tiv
e 

fu
nc

tio
n 

(p
er

 1
0 

po
in

ts
) 

7
−0

.2
7 

(−
0.

42
 t

o 
−0

.1
2)

0.
00

1
−0

.1
5 

(−
0.

26
 t

o 
−0

.0
4)

0.
00

4
0.

03

St
at

is
tic

al
ly

 s
ig

ni
fi

ca
nt

 r
es

ul
ts

 a
re

 s
ho

w
n 

in
 b

ol
d.

J Dev Behav Pediatr. Author manuscript; available in PMC 2016 November 01.



 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts

Johnson et al. Page 23
1 P 

va
lu

e 
<

0.
05

 in
di

ca
te

s 
th

at
 th

e 
co

ef
fi

ci
en

t f
or

 th
e 

in
at

te
nt

io
n 

SD
 s

co
re

 is
 s

ig
ni

fi
ca

nt
ly

 d
if

fe
re

nt
 f

ro
m

 th
at

 o
f 

th
e 

hy
pe

ra
ct

iv
ity

/im
pu

ls
iv

ity
 S

D
 s

co
re

 w
ith

 r
es

ul
ts

 d
er

iv
ed

 f
ro

m
 a

 m
ul

tiv
ar

ia
te

 a
na

ly
si

s 
of

 th
e 

tw
o 

SD
 s

co
re

s 
as

 d
ep

en
de

nt
 v

ar
ia

bl
es

 w
ith

 th
e 

si
ng

le
 p

re
di

ct
or

 v
ar

ia
bl

e.

2 Pa
re

nt
 o

cc
up

at
io

na
l s

ta
tu

s 
in

 3
 c

at
eg

or
ie

s:
 (

1)
 N

on
-m

an
ua

l, 
(2

) 
m

an
ua

l a
nd

 (
3)

 n
ev

er
 w

or
ke

d.

3 B
ay

le
y 

Sc
al

es
 o

f 
In

fa
nt

 D
ev

el
op

m
en

t 2
nd

 E
di

tio
n,

 M
en

ta
l D

ev
el

op
m

en
t I

nd
ex

 (
M

D
I)

 s
co

re
 −

2 
SD

 (
sc

or
es

 <
70

).

4 C
hi

ld
 B

eh
av

io
r 

C
he

ck
lis

t T
 S

co
re

 (
M

ea
n 

50
; S

D
 1

0)
.

5 K
au

fm
an

 A
ss

es
sm

en
t B

at
te

ry
 f

or
 C

hi
ld

re
n,

 M
en

ta
l, 

Pr
oc

es
si

ng
 C

om
po

si
te

 (
M

PC
/I

Q
) 

sc
or

e 
−

2 
SD

 o
f 

cl
as

sm
at

es
 (

sc
or

es
 <

82
).

6 SD
Q

 S
tr

en
gt

hs
 a

nd
 D

if
fi

cu
lti

es
 Q

ue
st

io
nn

ai
re

; p
er

va
si

ve
 r

ef
er

s 
to

 c
on

gr
ue

nc
e 

be
tw

ee
n 

pa
re

nt
al

 a
nd

 te
ac

he
r 

ca
te

go
ri

sa
tio

n 
of

 c
lin

ic
al

ly
 s

ig
ni

fi
ca

nt
 p

ro
bl

em
s 

(s
co

re
s 

>
90

th
 p

er
ce

nt
ile

 o
f 

te
rm

-b
or

n 
co

nt
ro

ls
).

7 N
E

PS
Y

 r
ef

er
s 

to
 D

ev
el

op
m

en
ta

l N
eu

ro
ps

yc
ho

lo
gi

ca
l T

es
t c

or
e 

do
m

ai
n 

sc
or

e 
(M

ea
n 

10
0;

 S
D

 1
5)

.

N
ot

e:
 T

he
 f

ol
lo

w
in

g 
va

ri
ab

le
s 

w
er

e 
no

t s
ig

ni
fi

ca
nt

ly
 a

ss
oc

ia
te

d 
w

ith
 e

ith
er

 s
ym

pt
om

 s
co

re
: g

es
ta

tio
na

l a
ge

; b
ir

th
 w

ei
gh

t; 
bi

rt
h 

w
ei

gh
t S

D
 s

co
re

; h
ea

d 
ci

rc
um

fe
re

nc
e 

at
 b

ir
th

; m
ul

tip
le

 b
ir

th
; n

on
-w

hi
te

 e
th

ni
c 

or
ig

in
; a

nt
en

at
al

 s
te

ro
id

s;
 p

re
te

rm
 p

re
m

at
ur

e 
ru

pt
ur

e 
of

 m
em

br
an

es
; v

ag
in

al
 b

re
ec

h 
de

liv
er

y;
 f

et
al

 h
ea

rt
 r

at
e 

>
10

0b
pm

 a
t 5

 m
in

; t
em

pe
ra

tu
re

 <
35

C
; C

R
IB

- 
C

lin
ic

al
 R

is
k 

In
de

x 
fo

r 
B

ab
ie

s 
sc

or
e;

 
ch

or
io

am
ni

on
iti

s;
 a

bn
or

m
al

 c
ra

ni
al

 u
ltr

as
ou

nd
 s

ca
n;

 n
ec

ro
tis

in
g 

en
te

ro
co

lit
is

; a
ny

 p
os

tn
at

al
 s

te
ro

id
s;

 b
ro

nc
ho

pu
lm

on
ar

y 
dy

sp
la

si
a;

 d
ur

at
io

n 
of

 N
IC

U
 a

dm
is

si
on

; m
at

er
na

l a
ge

; m
at

er
na

l s
m

ok
in

g 
in

 
pr

eg
na

nc
y 

an
d 

SD
Q

 P
er

va
si

ve
 e

m
ot

io
na

l p
ro

bl
em

s 
at

 s
ix

 y
ea

rs
.

J Dev Behav Pediatr. Author manuscript; available in PMC 2016 November 01.



 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts

Johnson et al. Page 24

Ta
b

le
 5

V
ar

ia
bl

es
 s

ig
ni

fi
ca

nt
ly

 a
nd

 in
de

pe
nd

en
tly

 a
ss

oc
ia

te
d 

w
ith

 in
at

te
nt

io
n 

an
d 

hy
pe

ra
ct

iv
ity

/im
pu

ls
iv

ity
 s

ym
pt

om
s 

in
 e

xt
re

m
el

y 
pr

et
er

m
 c

hi
ld

re
n 

at
 1

1 
ye

ar
s 

of
 

ag
e 

on
 m

ul
tiv

ar
ia

bl
e 

re
gr

es
si

on
 a

na
ly

se
s.

In
at

te
nt

io
n 

SD
 S

co
re

H
yp

er
ac

ti
vi

ty
/I

m
pu

ls
iv

it
y 

SD
 S

co
re

C
oe

ff
ic

ie
nt

 (
95

%
 C

I)
p

C
oe

ff
ic

ie
nt

 (
95

%
 C

I)
p

F
ac

to
rs

 a
ri

si
ng

 b
y 

di
sc

ha
rg

e 
fr

om
 h

os
pi

ta
l

n=
17

0;
 R

2 =
8.

0%
n=

17
1;

 R
2 =

 7
.5

%

T
ra

ns
fe

rr
ed

 w
ith

in
 2

4 
ho

ur
s 

of
 b

ir
th

-
-

0.
50

 (
0.

02
 to

 0
.9

8)
0.

04
0

N
ot

 h
av

in
g 

re
ce

iv
ed

 a
ny

 b
re

as
t m

ilk
 b

y 
di

sc
ha

rg
e

0.
89

 (
0.

25
 to

 1
.5

2)
0.

00
7

0.
57

 (
0.

11
 to

 1
.0

4)
0.

01
6

N
on

-w
hi

te
 m

at
er

na
l e

th
ni

ci
ty

0.
58

 (
0.

01
 to

 1
.1

4)
0.

04
6

-
-

A
bn

or
m

al
 n

eo
na

ta
l c

ra
ni

al
 u

ltr
as

ou
nd

 s
ca

n
0.

61
 (

0.
01

 to
 1

.2
2)

0.
04

7
-

-

F
ac

to
rs

 a
ri

si
ng

 b
y 

th
e 

tw
o 

ye
ar

 e
va

lu
at

io
n

n=
15

4;
 R

2 =
24

.7
%

n=
16

5;
 R

2 =
18

.0
%

B
SI

D
-I

I 
PD

I 
sc

or
e 

(p
er

 1
0 

po
in

ts
)1

−
0.

30
 (

−
0.

44
 to

 −
0.

16
)

<
0.

00
1

-
-

H
ea

d 
ci

rc
um

fe
re

nc
e 

(p
er

 S
D

S)
−

0.
29

 (
−

0.
45

 to
 −

0.
13

)
<

0.
00

1
−

0.
16

 (
−

0.
27

 to
 −

0.
05

)
0.

00
6

C
B

C
L

 I
nt

er
na

lis
in

g 
be

ha
vi

ou
r 

pr
ob

le
m

s 
(p

er
 1

0 
po

in
ts

)2
0.

29
 (

0.
01

 to
 0

.5
0)

0.
00

6
-

-

C
B

C
L

 E
xt

er
na

lis
in

g 
be

ha
vi

ou
r 

pr
ob

le
m

s 
(p

er
 1

0 
po

in
ts

)3
-

-
0.

28
 (

0.
12

 to
 0

.4
3)

0.
00

1

N
ot

 h
av

in
g 

re
ce

iv
ed

 a
ny

 b
re

as
t m

ilk
 b

y 
di

sc
ha

rg
e

-
-

0.
50

 (
0.

07
 to

 0
.9

3)
0.

02
3

A
bn

or
m

al
 n

eo
na

ta
l c

ra
ni

al
 u

ltr
as

ou
nd

 s
ca

n
-

-
0.

48
 (

0.
05

 to
 0

.9
0)

0.
02

7

F
ac

to
rs

 a
ri

si
ng

 b
y 

th
e 

si
x 

ye
ar

 e
va

lu
at

io
n

n=
13

0;
 R

2 =
41

.1
%

n=
13

8;
 R

2 =
31

.1
%

H
ea

d 
ci

rc
um

fe
re

nc
e 

at
 6

 y
ea

rs
 (

pe
r 

SD
S)

−
0.

30
 (

−
0.

46
 to

 −
0.

13
)

0.
00

1
-

-

M
PC

 a
t 6

 y
ea

rs
 (

pe
r 

10
 p

oi
nt

s)
3

−
0.

18
 (

−
0.

33
 to

 −
0.

03
)

0.
02

1
−

0.
11

 (
−

0.
20

 to
 −

0.
01

)
0.

02
5

B
SI

D
-I

I 
PD

I 
sc

or
e 

at
 2

 y
ea

rs
 (

pe
r 

10
 p

oi
nt

s)
1

−
0.

20
 (

−
0.

36
 to

 −
0.

05
)

0.
01

0
-

-

SD
Q

 P
er

va
si

ve
 p

ee
r 

re
la

tio
ns

hi
p 

pr
ob

le
m

s 
at

 6
 y

ea
rs

4
1.

01
 (

0.
44

 to
 1

.5
8)

0.
00

1
-

-

SD
Q

 P
er

va
si

ve
 c

on
du

ct
 p

ro
bl

em
s 

at
 6

 y
ea

rs
4

1.
17

 (
0.

22
 to

 2
.1

)
0.

01
6

1.
22

 (
0.

54
 to

 1
.9

0)
0.

00
1

SD
Q

 P
er

va
si

ve
 h

yp
er

ac
tiv

ity
 p

ro
bl

em
s 

at
 6

 y
ea

rs
4

-
-

0.
54

 (
0.

11
 to

 0
.9

8)
0.

01
5

C
B

C
L

 E
xt

er
na

lis
in

g 
be

ha
vi

ou
r 

pr
ob

le
m

s 
at

 2
 y

ea
rs

 (
pe

r 
10

 p
oi

nt
s)

2
-

-
0.

22
 (

0.
06

 to
 0

.3
8)

0.
00

8

N
on

-w
hi

te
 m

at
er

na
l e

th
ni

ci
ty

-
-

0.
50

 (
0.

09
 to

 0
.0

9)
0.

01
6

1 B
ay

le
y 

Sc
al

es
 o

f 
In

fa
nt

 D
ev

el
op

m
en

t 2
nd

 E
di

tio
n,

 P
sy

ch
om

ot
or

 D
ev

el
op

m
en

t I
nd

ex
 s

co
re

 (
M

ea
n 

10
0;

 S
D

 1
5)

.

J Dev Behav Pediatr. Author manuscript; available in PMC 2016 November 01.



 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts

Johnson et al. Page 25
2 C

hi
ld

 B
eh

av
io

r 
C

he
ck

lis
t T

-s
co

re
s 

(M
ea

n 
50

; S
D

 1
0)

.

3 K
au

fm
an

 A
ss

es
sm

en
t B

at
te

ry
 f

or
 C

hi
ld

re
n,

 M
en

ta
l, 

Pr
oc

es
si

ng
 C

om
po

si
te

 s
co

re
 (

M
ea

n 
10

0;
 S

D
 1

5)
.

4 SD
Q

 S
tr

en
gt

hs
 a

nd
 D

if
fi

cu
lti

es
 Q

ue
st

io
nn

ai
re

; p
er

va
si

ve
 r

ef
er

s 
to

 c
on

gr
ue

nc
e 

be
tw

ee
n 

pa
re

nt
al

 a
nd

 te
ac

he
r 

ca
te

go
ri

sa
tio

n 
of

 c
lin

ic
al

ly
 s

ig
ni

fi
ca

nt
 p

ro
bl

em
s 

(s
co

re
s 

>
90

th
 p

er
ce

nt
ile

 o
f 

te
rm

-b
or

n 
co

nt
ro

ls
).

J Dev Behav Pediatr. Author manuscript; available in PMC 2016 November 01.


	Abstract
	METHOD
	Participants
	Procedure
	Neonatal Data (EP Children Only)
	Outcome Measures at Two Years of Age (EP Children Only)
	Outcome Measures at Six Years of Age (EP Children and Controls)
	Outcome Measures at Eleven Years of Age (EP Children and Controls)
	Statistical Analysis

	RESULTS
	Study Sample
	ADHD Symptoms at Eleven Years of Age
	Antecedents of ADHD Symptoms in EP Children: Univariable Analyses
	Independent Predictors of ADHD Symptoms in EP children: Multivariable Analyses

	DISCUSSION
	References
	Figure 1
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5

