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Abstract

Objective: To investigate associations in extremely preterm (<28wks; EPT) toddlers between 

neonatal neuroimaging and 18–22 month developmental and behavioral outcomes.

Study design: Cohort analysis from the NICHD Neonatal Research Network (NRN) SUPPORT 

Neuroimaging and Neurodevelopmental Outcomes Study of EPT infants. Subjects underwent 

cranial ultrasound (CUS) and near-term magnetic resonance imaging (MRI). At 18–22 months of 

corrected age, the assessment included the Brief Infant Toddler Social Emotional Assessment 

(BITSEA) Problem and Competence Scale scores and the Bayley Scales of Infant Development, 

3rd edition (Bayley-III). The BITSEA Problem Scale assesses dysregulation; the Competence 

Scale assesses social-emotional competence. We examined associations of Problem and 

Competence scores and positive screen rates with CUS and near-term MRI. Mean BITSEA and 

Bayley-III scores were compared using ANOVA and Positive Screen rates with chi-square. We 

computed correlations between BITSEA and Bayley-III scores.

Results: Of the 397 children, Positive BITSEA Screens were found in 34% for the Problem score 

and 26% for the Competence score. Presence of lesions on near-term MRI that included cerebellar 

lesions were significantly associated with lower BITSEA Competence but not with Problem 

scores; Competence scores were inversely related to the presence/significance of lesions. Positive 

Screens on Competence scores and on both Competence and Problem scores were significantly 

associated with Bayley-III Cognitive and Language scores <85 (P < .001).
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Conclusion: Social-emotional competence contributes to deficits in cognitive and language 

development. Presence of injury on near-term MRI that includes cerebellar lesions is associated 

with later social-emotional competence and may be a useful predictor to guide early assessment 

and intervention.
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Children born preterm are at high risk of motor, cognitive and behavioral deficits.1–3 Though 

most studies have focused on motor and cognitive abnormalities, behavioral deficits are 

particularly common in children born preterm. Indeed, compared with children born at term, 

children born preterm are up to 4 times more likely to have behavioral problems,4 including 

problems with attention, behavioral organization, social-emotional function, and 

selfmonitoring.5 These behavioral issues may adversely impact early cognitive and language 

development.

Although most studies of behavioral outcomes in children born preterm evaluate children at 

school age or adolescence, poor self-regulation and social functioning have been described 

as early as 2 years of age.6 There is limited evidence that deficits found at preschool age 

remain stable from early childhood through school age,7 though longitudinal studies of 

behavior in preterm children are rare.8 Although the etiology of behavioral abnormalities in 

preterm children is unknown and likely to be multifactorial, perinatal brain injury has been 

implicated as a contributing cause. Children born preterm are at high risk for brain injury, 

particularly white matter injury.9, 10 Abnormalities on cranial ultrasound (CUS) and 

conventional brain magnetic resonance imaging (MRI) at term equivalent age have been 

associated with cognitive, psychomotor and neurosensory delays at 18 to 24 months of age.
11, 12 Abnormalities in specific brain regions may have a role in behavioral outcomes. 

Limperopoulos et al demonstrated that early cerebellar injury noted on CUS and confirmed 

with MRI was associated with behavioral, cognitive, language and motor deficits in children 

born very preterm at 34 months of age.13

The purpose of this study was to investigate the associations between abnormalities on CUS 

and near-term conventional brain MRI and behavioral, cognitive and language outcomes in 

extremely preterm (<28 weeks of gestation; EPT) toddlers at 18–22 months. We 

hypothesized that composite adverse findings on early and late CUS and severity of white 

matter abnormalities (WMA) and significant cerebellar lesions on near-term MRI would be 

associated with Brief Infant Toddler Social Emotional Assessment (BITSEA)14 Problem and 

Competence Scale scores and Positive Screen rates. A second hypothesis was that 

associations with scale scores would remain after controlling for other demographic, 

perinatal and in-hospital variables and that significant cerebellar lesions on near-term MRI 

would be associated with standardized BITSEA Problem and Competence scale scores and 

Positive Screen rates for each scale after controlling for such variables. Our third hypothesis 

was that Positive Screen rates would be associated with significantly lower Bayley Scales of 

Infant Development, 3rd edition (Bayley-III) Cognitive and Language Composite scores.
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Methods

This study was a secondary analysis of data from the prospective Eunice Kennedy Shriver 

National Institute of Child Health and Development Neonatal Research Network (NRN) 

Surfactant Positive Airway Pressure and Pulse Oximetry Trial (SUPPORT) Neuroimaging 

and Neurodevelopmental Outcomes (NEURO) Study of EPT infants (ClinicalTrials.gov: 

NCT00063063 and NCT00233324).11 Children eligible for inclusion were enrolled in the 

NEURO study and seen for 18–22-month follow-up examination at 1 of the 16 participating 

centers. The follow-up examination included the BITSEA and the Bayley-III. Bayley-III 

testers were unaware of neuroimaging and pre-discharge morbidities. The NEURO study 

enrolled children born February 2005 to February 2009, and follow-up assessments took 

place from 2006–2011. The NEURO protocol required an “early CUS” at 4–14 days, “late 

CUS” at 35–42 weeks postmenstrual age (PMA), and conventional brain MRI at 35–42 

weeks PMA within 2 weeks of the late CUS. Cranial US and near-term MRI studies were 

interpreted by separate, masked, central readers. ‘Composite adverse findings’ on early and 

late CUS, severity of white matter abnormalities on near-term MRI,9, 12 and ‘significant 

cerebellar lesions’ on near-term MRI were assessed.11 A composite adverse finding on early 

CUS was defined as presence of grade III or IV intraventricular hemorrhage (IVH) or cystic 

periventricular leukomalacia (PVL) on either or both sides. A composite adverse finding on 

late CUS was defined as cystic PVL, porencephalic cyst, or moderate-to-severe ventricular 

enlargement (defined as a ventricular-to-brain ratio of 1:3 to 2:3 and >2:3, respectively, on 

either or both sides), or shunt. Significant cerebellar lesions were defined as lesions that 

were bilateral, cystic (cystic spaces including volume loss or atrophy), and/or ≥4 mm in size. 

Adverse findings on near-term MRI were defined as moderate or severe WMA and/or 

significant cerebellar lesions.

BITSEA and Bayley-III.

The BITSEA is a parent-completed rating scale for children 12 months, 0 days to 35 months, 

30 days.14 It includes 42 items and yields standardized scores for the Problem and 

Competence Scales based on age and sex. The Problem Scale assesses for externalizing 

problems (ie, disruptive or aggressive behaviors), internalizing problems (ie, anxiety, 

withdrawal), dysregulation and maladaptive and atypical behaviors. Higher Problem Scale 

scores indicate more difficulties in these areas. The Competence Scale assesses the social 

emotional competencies that emerge at this age, such as symbolic and imitative play and 

cooperation. Lower Competence Scale scores indicate lower social emotional competencies. 

Total standardized scores and Positive Screen scores were assessed for each of the scales. 

Competence Scale scores of ≤ 13 or ≤ 15 (for boys and girls, respectively) and a Problem 

Scale ≥ 15 indicate positive screens for children aged 18–23 months.14

Using the NRN definition, infants were considered to have neurodevelopmental impairment 

if they have at least one of the following conditions: moderate or severe cerebral palsy, 

Gross Motor Function Classification System level of at least 2 (on a scale of 1 to 5, with 5 

indicating the most severe impairment), profound hearing loss requiring amplification in 

both ears, profound visual impairment with visual acuity of less than 20/200 in both eyes, or 

cognitive impairment. Cognitive impairment was defined as a Bayley-III Cognitive 
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Composite score of <85 (one standard deviation below the mean ± SD score of 100 ± 15). 

Bayley-III scores range from 55 to 145; lower scores indicate a greater degree of 

developmental delay. We selected 85 as a cutoff point to adjust for the difference between 

the Bayley-II and Bayley-III in estimating cognitive performance on the basis of data 

showing 97% agreement between a Bayley-II Mental Developmental Index score lower than 

70 and a Bayley- III Cognitive Composite score lower than 85.15, 16 A Bayley-III Cognitive 

Composite score <85 indicates moderate cognitive delay and neurodevelopmental 

impairment, per current NRN definitions.15

Statistical Analyses.

We compared BITSEA Problem Scale and Competence Scale scores and Positive Screen 

rates at 18–22 months corrected age across demographic, perinatal, and neonatal 

characteristics. In addition, we examined the relationship between BITSEA scores, Positive 

screen rates and Bayley-III language and/or cognitive composite scores <85. Analysis of 

variance was used to examine associations between impairments on the Bayley-III and mean 

BITSEA Problem and Competence Scale scores, and chi-square tests to examine 

associations of these impairments with Positive Screen rates.

To further explore the relationship between BITSEA scores and Bayley-III cognitive and 

language scores, we categorized children into four groups based on Positive Screens on the 2 

BITSEA scales: (1) did not screen positive on either the Problem Scale or Competence 

Scale, (2) Positive Screen based on Competence Scale score only, (3) Positive Screen based 

on Problem Scale score only, and (4) Positive Screens based on both Problem Scale and 

Competence Scale scores. Using chi-square tests, we compared the number of children with 

Bayley-III cognitive or language scores <85 who fell into each of those four groups.

Next, we tested for differences in BITSEA Problem and Competence Scale scores based on 

neuroimaging findings on the early CUS, late CUS, and near-term MRI, described in 

Methods, above. In addition, we compared BITSEA scores by whether near-term MRI 

indicated any cerebellar lesions, any non-cerebellar lesions only (those who had any WMA 

and/or lesion outside of the cerebellum only), or no lesions. There was no overlap in 

categories, however it should be noted that the “cerebellar lesions” category includes those 

who have cerebellar lesions regardless of whether they also have supratentorial non-

cerebellar lesions. Linear trends were tested using the Cochrane-Armitage test for Positive 

Screens and contrasts in ANOVA for mean Problem and Competence Scale scores. Finally, 

we fit generalized linear mixed effect models of BITSEA scores by neuroimaging findings. 

Analysis included center as a random effect and controlled for the following variables, using 

previously described definitions:11 birthweight, gestational age, multiple gestation, race/

ethnicity, sex, antenatal steroids, Medicaid status, cesarean delivery, late-onset sepsis, 

surgery for retinopathy of prematurity (ROP), necrotizing enterocolitis (NEC), patent ductus 

arteriosus (PDA), postnatal steroids, and bronchopulmonary dysplasia (BPD).

Results

Three hundred ninety-seven children were included in the study. Children were enrolled 

from February 2005 to February 2009. The sample selection process is illustrated in Figure 1 
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(available at www.jpeds.com) and the demographic, perinatal, and neonatal characteristics of 

the 397 children included in the present analyses are shown in Table 1. We compared the 

characteristics of the 46 children not included in the analyses due to missing BITSEA scores 

to the 397 included. Those included in our analyses were less likely to be male (54% vs 

69%, p=0.047) and more likely to have had surgery for ROP, NEC, or PDA (19% vs. 7%, 

p=0.041).

BITSEA Positive Screens Rates.

Overall rates of Positive Screens on the BITSEA Problem and Competence Scales were 34% 

and 26%, respectively. As shown in Table 2, there were significant race/ethnicity differences 

in Positive Screen rates on the Problem Scale (p=0.028) with black children having the 

highest number of Positive Screens (44%) and children in the ‘other’ race category having 

the least (21%). In addition, Medicaid enrollment was associated with higher Problem Scale 

Positive Screen rates (p<0.001). Positive Screens on the Competence Scale occurred more 

frequently among children with lower birth weight (<750 g) (p=0.045), who had severe ROP 

(p<0.001) or who had surgery for PDA, NEC, and/or ROP (p=0.005). In addition, children 

with Bayley-III Cognitive or Language Composite scores <85 were significantly more likely 

to have Positive Screens on the Competence Scale (p<0.001).

Mean BITSEA Scores.

As with Positive Screen rates, there were race/ethnicity and Medicaid enrollment status 

differences in Problem Scale mean scores, with black children and children enrolled in 

Medicaid having significantly higher Problem Scale scores than other groups (p<0.001 for 

both; Table 2). Multiple gestation was also associated with higher Problem Scale scores 

(p=0.001). Male children, children with birth weight <750 grams and those born at 24 weeks 

of gestation had significantly lower (worse) Competence Scale scores (p<0.001, p=0.003 

and p=0.037, respectively). Children who received postnatal steroids, surgery for PDA, 

NEC, and/or ROP or a diagnosis of severe ROP also had lower Competence Scale scores 

(p=0.032, p=0.001 and p<0.001, respectively). Finally, children with Bayley-III Cognitive or 

Language Composite scores <85 had significantly lower Competence Scale scores 

(p<0.001).

Bayley-III cognitive and language composite scores <85 and BITSEA positive screen rates.

Children with Bayley-III Cognitive or Language Composite scores <85 had significantly 

lower BITSEA Competence Scale scores (p<0.001) and significantly higher rates of Positive 

Screens on the Competence Scale (p<0.001; Table 3). Children with Positive Screens on 

both the Problem and Competence scales were also more likely to have Bayley-III Cognitive 

and Language Composite scores <85 (p<0.001 for both) (Figure 2; available at 

www.jpeds.com). Mean BITSEA Problem Scale scores and Positive Screen Rates were not 

significantly associated with Bayley-III scores <85.

Neuroimaging findings and BITSEA scores.

Table 2 details BITSEA scale scores and Positive Screen rates for each set of neuroimaging 

findings (IVH Grade 3–4/PVL, cerebellar lesions, significant cerebellar lesions, and non-
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cerebellar lesions only on MRI, Table 2). Of the 40 children with significant cerebellar 

lesions, 13 (33%) had IVH grade 3–4/PVL. Of the 39 children with IVH grade 3–4/PVL, 13 

(33%) had significant cerebellar lesions. The majority of noncerebellar lesions included 

isolated abnormalities in cerebral white matter signal. These types of lesions comprised 77% 

of non-cerebellar lesions in children with cerebellar lesions and 96% of the lesions found in 

the ‘non-cerebellar lesions only’ group. The ‘non-cerebellar lesions only’ group also 

included a small number with abnormal signal in the basal ganglia or thalamus (only 1–5% 

for all). There was no association between Positive Screens on either scale and 

neuroimaging findings, before or after adjustment for study site, demographic and medical 

characteristics.

Though cerebellar lesions were associated with greater positive screen rates on the Problem 

and Competence Scales, these findings did not reach statistical significance (Table V; 

available at www.jpeds.com). The presence of cerebellar lesions on near-term MRI was 

significantly associated with lower mean BITSEA Competence Scale scores (p=0.001). 

Competence Scale scores were highest (best) for children with no lesions, next highest for 

those with non-cerebellar lesions only and lowest (worst) for those with cerebellar lesions. 

Mean Competence Scale scores were also significantly lower for children with significant 

cerebellar lesions compared with those with non-significant lesions and no lesions 

(p<0.001). The differences in Competence Scale scores for children with any cerebellar 

lesions (vs. no lesions) remained significant after controlling for study site, demographic and 

medical characteristics (p=0.04; Table 4). However, in evaluating the differences between 

children with significant cerebellar lesions on near-term MRI compared with those without, 

the findings did not reach statistical significance after controlling for other factors (p=0.092; 

Table 4). There was no association between the presence of cerebellar lesions ≥4mm in size 

and BITSEA scores, which is consistent with other studies.17, 18 Of the 65 infants with 

cerebellar lesions, 50 also had non-cerebellar lesions and 15 did not have non-cerebellar 

lesions. When we compared the BITSEA scores of the children with cerebellar and non-

cerebellar lesions to those with cerebellar lesions only, the mean scores were nearly identical 

and therefore, considering the small sample sizes, we collapsed the two categories. For 

example, the adjusted mean competence scores for children with cerebellar and non-

cerebellar lesions were 15.74 compared with 15.75 for children with cerebellar lesions but 

no noncerebellar lesions (p=0.990).

The mean (standard deviation) PMA at the time of near-term MRI was 37.8 (2.2) weeks, and 

the median (interquartile range) was 37.4 (36.1–39.0) weeks. When we examined PMA at 

the time of MRI in the models of the relationship between MRI results and BITSEA 

problem and competence scores, the results did not change.

Discussion

In this extremely preterm cohort, we have demonstrated that the presence of cerebellar 

lesions on near-term MRI is significantly associated with lower BITSEA Competence Scale 

scores but not worse Problem Scale scores, and that Competence Scale scores were inversely 

related to the presence and significance of cerebellar lesions on near-term MRI. Those with 

cerebellar lesions had lower social emotional competencies compared with those without 
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these lesions. This relationship remained significant even after controlling for study site, 

demographic and medical characteristics. BITSEA Problem Scale scores and Positive 

Screens were not associated with any CUS or near-term MRI findings. Positive Screens on 

the Competence Scale were significantly associated with Bayley-III Language and Cognitive 

Composite scores <85, indicating that children who screened positive for difficulties with 

social emotional competencies were more likely to have moderate deficits in language and 

cognition.

Cranial ultrasound and MRI at term equivalent age have been associated with cognitive, 

psychomotor and neurosensory delays at 18–24 months of age11, 12, 19 and at school age.20 

In unadjusted analyses, early CUS, late CUS abnormalities and moderate or severe WMA on 

nearterm MRI were associated with adverse cognitive and neuromotor outcomes at 18–22 

months corrected age in the primary NEURO study.11 In addition, significant cerebellar 

lesions on nearterm MRI and late CUS adverse findings were both independently associated 

with neurodevelopmental impairment or death and with significant gross motor impairment 

or death, even after controlling for demographic and medical variables. Further, we recently 

found that cerebellar lesions on near-term MRI were associated with lower mean full scale 

intelligence quotients (FSIQs), higher rates of FSIQs <70 and <85, and higher rates of 

moderateto-severe neuromotor disability (defined as a FSIQ <70, cerebral palsy with a Gross 

Motor Function Classification System level ≥2, severe hearing impairment or severe vision 

impairment) at 6–7 years of age in the NEURO cohort.20 However, apart from this study, 

there is limited data describing early behavioral correlates to imaging findings.13, 21 The 

current findings demonstrate that cerebellar abnormalities on near-term MRI are also 

associated with early behavioral abnormalities, which are in turn, associated with moderate 

cognitive and language delay at 18–22 months. Though cerebellar injury has been linked to 

motor, visuospatial, cognitive and language outcomes in children born preterm,22–25 there 

are few studies linking cerebellar abnormalities on near-term MRI with early behavioral 

outcomes in EPT children.13, 25, 26 It is notable that no other neuroimaging findings were 

associated with behavioral outcomes, and that the behavioral abnormalities seen primarily 

involved deficits in social-emotional competence, rather than problem behaviors. Cerebellar 

abnormalities may result from altered neurogenesis, even in the absence of cerebral injury in 

infants born preterm,23 which could partially explain the lack of association of behavioral 

outcomes with neuroimaging abnormalities outside the cerebellum. In addition, the 

cerebellum is critically involved in visuomotor functioning via a cerebello-cerebral network. 

In this network, afferent connections from the posterior parietal cortex provide input to the 

cerebellum via the pontine nuclei, and output from the cerebellum returns to the posterior 

parietal cortex via the thalamus.23 Although the posterior parietal cortex plays a critical role 

in visuomotor functioning, the cerebello-cerebral network is also critically important for 

visuomotor and visuospatial processing.13, 23 Through cerebellar interconnectedness with 

the cerebral hemispheres, the cerebellum is also vital in cognitive and emotional functioning.
27

The BITSEA Competence Scale assesses competencies that emerge in infancy and the early 

toddler years, such as curiosity, interest in new things, mastery motivation, awareness of 

others’ feelings, attention skills, social relatedness, symbolic and imitative play, play with 

peers, cooperation, and compliance with adult requests.14 Visuomotor adeptness is critical to 
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developing the skills necessary to demonstrate social-emotional competence, such as 

interacting with and exploring the world, recognizing and mimicking facial expressions, 

nonverbal communication and recognizing and manipulating symbols. Visuomotor deficits 

are extremely common in children born preterm at school age and are evident even after 

controlling for other neurologic abnormalities.28 It may be that the early behavioral 

competence deficits that EPT children demonstrate at 18–22 months result from visuomotor 

disabilities that contribute more to behavioral competence than to behavioral problems 

measured by the BITSEA Problem Scale. This could explain why cerebellar abnormalities 

were not associated with Problem Scale results.

Although cerebellar function has been shown to be important in the long-term 

neurodevelopment of children born EPT, near-term MRI is not currently routinely 

recommended in the management of children born EPT.29 Cranial ultrasound is instead the 

routine neuroimaging method for identifying cranial abnormalities, though without 

appropriate views, cerebellar lesions are rarely visualized using this method.11, 30 The 

present findings suggest that assessment of cerebellar findings on near-term MRI could 

prove a useful tool for prognostication for families of children born EPT, as cerebellar 

abnormalities on near-term MRI could serve as early neuroanatomic biomarkers of later 

behavioral competence. Consistent with our findings at 18–22 months, studies of EPT 

children at school age have demonstrated that behavioral deficits are commonly associated 

with cognitive and language deficits found at that time. This finding has led some 

researchers to theorize that behavioral abnormalities underlie the deficits found in cognition, 

language and executive functioning in children born preterm at school age.5 Recently, 

researchers have posited a ‘preterm behavioral phenotype’ consisting of inattention, anxiety, 

and social difficulties.6 A study by Scott et al demonstrated that kindergarten children who 

were born EPT had deficits in competence skills including behavioral organization and self-

monitoring.5 These findings remained significant even when children with neurosensory 

disorders or cognitive deficits were excluded, indicating that these children remain at risk for 

behavior problems even in the absence of global deficits.

Though most studies of behavioral outcomes in children born preterm report on children at 

school age or adolescence, a few other studies have demonstrated problems in behavioral 

competence in preterm children, including poor self-regulation and social functioning, as 

early as 2 years of age.6 There is also evidence that deficits found at preschool age remain 

stable from early childhood through school age.7 Lower social competence in the preschool 

years is associated with more externalizing and internalizing behavior problems at 10–14 

years of age.31 It is possible that precursors of these school-age problems are present in very 

early childhood. Early social-emotional competence is vital for societal interaction and the 

development of the higher order executive processes critical to academic success.32 Trials of 

parenting interventions in early childhood have demonstrated improvement in behavioral 

problems and improved behavioral competence among typically developing infants and 

children as well as preterm children.33, 34 Thus, this delay in recognition of behavioral 

deficits may result in a missed opportunity for interventions aimed at improving this 

modifiable outcome.
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Strengths of the study include the large sample size, multiple neuroimaging modalities 

assessed, and central reading of all neuroimaging. The study also had several notable 

limitations. First, though the BITSEA has been well-validated across multiple settings, this 

is an observational parent-report measure, and direct assessments of behavior were not 

utilized in the study. In addition, though Bayley-III cognitive and language scores were 

related to BITSEA social Competence, aspects of cognition that may mediate the effects of 

brain abnormalities on behavior, such as visuomotor skills, were not targeted for assessment. 

Further, a limited number of the CUS studies included mastoid views. Cerebellar injury may 

have been seen better by CUS in addition to near-term MRI had those views been obtained. 

It is also unknown whether findings at 18–22 months are predictive of findings at later ages, 

though follow-up of the NEURO cohort to school age will permit more comprehensive 

evaluation of associations of early brain abnormalities with neurodevelopmental outcomes. 

Also, the near-term MRI for this study called for a conventional, qualitative MRI only, with 

a goal of generalizability. Structured central reader evaluation was generally focused on 

white matter abnormalities according to a widely used scoring instrument at that time9, 12 

which has since been expanded.35 It is possible that advanced MRI such as diffusion tensor 

imaging measures and volumetric measures may have further detailed injury-outcome 

associations. Finally, language delays could account for the Competence Scale deficits seen, 

as language determines much social interaction at this age.

Our findings indicate that deficits in social-emotional competence are associated with 

cognitive and language deficits seen in toddlers born EPT and should be considered in early 

outcome studies of EPT children. In addition, cerebellar injury on near-term MRI may be a 

marker for early behavioral challenges. Further study is needed to assess whether early 

neuroimaging findings are associated with behavioral challenges through later childhood and 

whether early institution of interventions aimed at enhancing social-emotional competence 

may provide a means for improving developmental outcomes in EPT children.
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University of New Mexico Health Sciences Center (U10 HD53089, M01 RR997) – Kristi L. 
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Torres, MD; David Wang, MD; Kelley Yost, PhD.

University of Texas Southwestern Medical Center at Dallas, Parkland Health & Hospital 

System, and Children’s Medical Center Dallas (U10 HD40689, M01 RR633) – Pablo J. 

Sánchez, MD; Charles R. Rosenfeld, MD; Walid A. Salhab, MD; Roy J. Heyne, MD; Sally 
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RN; Linda A. Madden, RN CPNP; Melissa Martin, RN; Nancy A. Miller, RN; Janet S. 

Morgan, RN; Araceli Solis, RRT; Lizette E. Torres, RN; Catherine Twell Boatman, MS 
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University of Texas Health Science Center at Houston Medical School and Children’s 

Memorial Hermann Hospital (U10 HD21373) – Kathleen A. Kennedy, MD MPH; Jon E. 

Tyson, MD MPH; Patricia W. Evans, MD; Esther G. Akpa, RN BSN; Nora I. Alaniz, BS; 

Beverly Foley Harris, RN BSN; Charles Green, PhD; Margarita Jiminez, MD MPH; Anna E. 

Lis, RN BSN; Sarah Martin, RN BSN; Georgia E. McDavid, RN; Brenda H. Morris, MD; 
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University of Utah Medical Center, Intermountain Medical Center, LDS Hospital, and 

Primary Children’s Medical Center (U10 HD53124, M01 RR64) – Bradley A. Yoder, MD; 

Roger G. Faix, MD; Shawna Baker, RN; Karie Bird, RN BSN; Anna E. Bullwinkle, RN; Jill 

Burnett, RNC BSN; Laura Cole, RN; Karen A. Osborne, RN BSN CCRC; Cynthia Spencer, 

RNC BSN; R. Edison Steele, RN; Michael Steffen, PhD; Kimberlee Weaver-Lewis, MS RN.

Wake Forest University, Baptist Medical Center, Brenner Children’s Hospital, and Forsyth 

Medical Center (U10 HD40498, M01 RR7122) – T. Michael O’Shea, MD MPH; Robert G. 

Dillard, MD; Lisa K. Washburn, MD; Nancy J. Peters, RN CCRP; Barbara G. Jackson, RN 

BSN; Korinne Chiu, MA; Deborah Evans Allred, MA LPA; Donald J. Goldstein, PhD; 

Raquel Halfond, MA; Carroll Peterson, MA; Ellen L. Waldrep, MS; Cherrie D. Welch, MD 

MPH; Melissa Whalen Morris, MA; Gail Wiley Hounshell, PhD.
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(U10 HD21385) – Seetha Shankaran, MD; Beena G. Sood, MD MS; Thomas L. Slovis, MD; 

Duncan et al. Page 12

J Pediatr. Author manuscript; available in PMC 2020 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Athina Pappas, MD; Rebecca Bara, RN BSN; Elizabeth Billian, RN MBA; Laura A. 

Goldston, MA; Mary Johnson, RN BSN.

*List of additional members of the Eunice Kennedy Shriver National Institute of Child 

Health and Development Neonatal Research Network is available at www.jpeds.com 

(Appendix).

Trial registration ClinicalTrials.gov NCT00063063 and NCT0000

This is a PDF file of an unedited manuscript that has been accepted for publication. As a 

service to our customers we are providing this early version of the manuscript. The 

manuscript will undergo copyediting, typesetting, and review of the resulting proof before it 

is published in its final citable form. Please note that during the production process errors 

may be discovered which could affect the content, and all legal disclaimers that apply to the 

journal pertain.

Abbreviations:

EPT Extremely Preterm

BITSEA Brief Infant Toddler Social Emotional Assessment

PS Problem Scale

CS Competence Scale

Bayley-III Bayley Scales of Infant Development, 3rd ed.

NRN Eunice Kennedy Shriver National Institute of Child Health 

and Development Neonatal Research Network

NEURO Neonatal Research Network SUPPORT Neuroimaging and 

Neurodevelopmental Outcomes Study

WMA white matter abnormalities

FSIQ Full Scale IQ

References

[1]. Conrad AL, Richman L, Lindgren S, Nopoulos P. Biological and Environmental Predictors of 
Behavioral Sequelae in Children Born Preterm. Pediatrics. 2010;125:e83–e9. [PubMed: 
20008432] 

[2]. Peralta-Carcelen M, Carlo WA, Pappas A, Vaucher YE, Yeates KO, Phillips VA, et al. Behavioral 
Problems and Socioemotional Competence at 18 to 22 Months of Extremely Premature Children. 
Pediatrics. 2017;139.

[3]. Peralta-Carcelen M, Bailey K, Rector R, Gantz M. Behavioral and socioemotional competence 
problems of extremely low birth weight children. Journal of perinatology : official journal of the 
California Perinatal Association. 2013;33:887–92. [PubMed: 23867957] 

[4]. Hack M, Taylor HG, Schluchter M, Andreias L, Drotar D, Klein N. Behavioral outcomes of 
extremely low birth weight children at age 8 years. Journal of developmental and behavioral 
pediatrics : JDBP. 2009;30:122. [PubMed: 19322106] 

Duncan et al. Page 13

J Pediatr. Author manuscript; available in PMC 2020 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.jpeds.com/
http://ClinicalTrials.gov


[5]. Scott MN, Taylor HG, Fristad MA, Klein N, Espy KA, Minich N, et al. Behavior disorders in 
extremely preterm/extremely low birth weight children in kindergarten. Journal of developmental 
and behavioral pediatrics : JDBP. 2012;33:202. [PubMed: 22245934] 

[6]. Spittle AJ, Treyvaud K, Doyle LW, Roberts G, Lee KJ, Inder TE, et al. Early emergence of 
behavior and social-emotional problems in very preterm infants. Journal of the American 
Academy of Child & Adolescent Psychiatry. 2009;48:909–18. [PubMed: 19633579] 

[7]. Gray RF, Indurkhya A, McCormick MC. Prevalence, Stability, and Predictors of Clinically 
Significant Behavior Problems in Low Birth Weight Children at 3, 5, and 8 Years of Age. 
Pediatrics. 2004;114:736–43. [PubMed: 15342847] 

[8]. Johnson S, Marlow N. Preterm birth and childhood psychiatric disorders. Pediatric research. 
2011;69:11R–8R.

[9]. Inder TE, Wells SJ, Mogridge NB, Spencer C, Volpe JJ. Defining the nature of the cerebral 
abnormalities in the premature infant: a qualitative magnetic resonance imaging study. The 
Journal of Pediatrics. 2003;143:171–9. [PubMed: 12970628] 

[10]. Volpe JJ. The Encephalopathy of Prematurity—Brain Injury and Impaired Brain Development 
Inextricably Intertwined. Seminars in Pediatric Neurology. 2009;16:167–78. [PubMed: 
19945651] 

[11]. Hintz SR, Barnes PD, Bulas D, Slovis TL, Finer NN, Wrage LA, et al. Neuroimaging and 
neurodevelopmental outcome in extremely preterm infants. Pediatrics. 2015;135:e32–e42. 
[PubMed: 25554820] 

[12]. Woodward LJ, Anderson PJ, Austin NC, Howard K, Inder TE. Neonatal MRI to Predict 
Neurodevelopmental Outcomes in Preterm Infants. The New England Journal of Medicine. 
2006;355:685–94. [PubMed: 16914704] 

[13]. Limperopoulos C, Chilingaryan G, Sullivan N, Guizard N, Robertson RL, du Plessis AJ. Injury to 
the premature cerebellum: outcome is related to remote cortical development. Cerebral cortex 
(New York, NY : 1991). 2014;24:728–36.

[14]. Briggs-Gowan MJ, Carter AS, Irwin JR, Wachtel K, Cicchetti DV. The Brief Infant-Toddler 
Social and Emotional Assessment: screening for social-emotional problems and delays in 
competence. Journal of pediatric psychology. 2004;29:143–55. [PubMed: 15096535] 

[15]. Younge N, Goldstein RF, Bann CM, Hintz SR, Patel RM, Smith PB, et al. Survival and 
Neurodevelopmental Outcomes among Periviable Infants. The New England journal of medicine. 
2017;376:617–28. [PubMed: 28199816] 

[16]. Johnson S, Moore T, Marlow N. Using the Bayley-III to assess neurodevelopmental delay: which 
cut-off should be used? Pediatric research. 2014;75:670. [PubMed: 24492622] 

[17]. Steggerda SJ, De Bruïne FT, van den Berg-Huysmans AA, Rijken M, Leijser LM, Walther FJ, et 
al. Small Cerebellar Hemorrhage in Preterm Infants: Perinatal and Postnatal Factors and 
Outcome. The Cerebellum. 2013;12:794–801. [PubMed: 23653170] 

[18]. Brossard-Racine M, du Plessis AJ, Limperopoulos C. Developmental Cerebellar Cognitive 
Affective Syndrome in Ex-preterm Survivors Following Cerebellar Injury. Cerebellum (London, 
England). 2015;14:151–64.

[19]. Skiöld B, Vollmer B, Böhm B, Hallberg B, Horsch S, Mosskin M, et al. Neonatal Magnetic 
Resonance Imaging and Outcome at Age 30 Months in Extremely Preterm Infants. The Journal 
of Pediatrics. 2012;160:559–66.e1. [PubMed: 22056283] 

[20]. Hintz SR, Vohr BR, Bann CM, Taylor HG, Das A, Gustafson KE, et al. Preterm Neuroimaging 
and School-Age Cognitive Outcomes. Pediatrics. 2018;142. [PubMed: 29699508] 

[21]. Clark CAC, Woodward LJ, Horwood LJ, Moor S. Development of Emotional and Behavioral 
Regulation in Children Born Extremely Preterm and Very Preterm: Biological and Social 
Influences. Child Development. 2008;79:1444–62. [PubMed: 18826535] 

[22]. Limperopoulos C, Bassan H, Gauvreau K, Robertson RL, Jr., Sullivan NR, Benson CB, et al. 
Does cerebellar injury in premature infants contribute to the high prevalence of long-term 
cognitive, learning, and behavioral disability in survivors? Pediatrics. 2007;120:584–93. 
[PubMed: 17766532] 

Duncan et al. Page 14

J Pediatr. Author manuscript; available in PMC 2020 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



[23]. Van Braeckel KNJA Taylor HG. Visuospatial and visuomotor deficits in preterm children: The 
involvement of cerebellar dysfunctioning. Developmental Medicine and Child Neurology. 
2013;55:19–22. [PubMed: 24237274] 

[24]. Zayek MM, Benjamin JT, Maertens P, Trimm RF, Lal CV, Eyal FG. Cerebellar hemorrhage: a 
major morbidity in extremely preterm infants. Journal of perinatology : official journal of the 
California Perinatal Association. 2012;32:699. [PubMed: 22173133] 

[25]. Stoodley CJ, Limperopoulos C. Structure-function relationships in the developing cerebellum: 
Evidence from early-life cerebellar injury and neurodevelopmental disorders. Seminars in fetal & 
neonatal medicine. 2016;21:356–64. [PubMed: 27184461] 

[26]. Pieterman K, Batalle D, Dudink J, Tournier JD, Hughes EJ, Barnett M, et al. Cerebellocerebral 
connectivity in the developing brain. Brain Structure & Function. 2017;222:1625–34. [PubMed: 
27573027] 

[27]. Panigrahy A, Wisnowski JL, Furtado A, Lepore N, Paquette L, Bluml S. Neuroimaging 
biomarkers of preterm brain injury: toward developing the preterm connectome. Pediatric 
Radiology. 2012;42:33–61.

[28]. Butcher PR, Bouma A, Stremmelaar EF, Bos AF, Smithson M, Van Braeckel KN. Visuospatial 
perception in children born preterm with no major neurological disorders. Neuropsychology. 
2012;26:723–34. [PubMed: 22905735] 

[29]. Ho T, Dukhovny D, Zupancic JA, Goldmann DA, Horbar JD, Pursley DM. Choosing Wisely in 
Newborn Medicine: Five Opportunities to Increase Value. Pediatrics. 2015;136:e482–9. 
[PubMed: 26195536] 

[30]. Ment LR, Bada HS, Barnes P, Grant PE, Hirtz D, Papile LA, et al. Practice parameter: 
neuroimaging of the neonate: report of the Quality Standards Subcommittee of the American 
Academy of Neurology and the Practice Committee of the Child Neurology Society. Neurology. 
2002;58:1726–38. [PubMed: 12084869] 

[31]. Bornstein MH, Hahn CS, Haynes OM. Social competence, externalizing, and internalizing 
behavioral adjustment from early childhood through early adolescence: developmental cascades. 
Development and psychopathology. 2010;22:717–35. [PubMed: 20883577] 

[32]. Sokol B, Muller U, Carpendale J, Young A, Iarocci G. Self- and Social-Regulation: The 
Development of Social Interaction, Social Understanding, and Executive Functions: Oxford 
University Press; 2010.

[33]. Gardner F, Shaw DS, Dishion TJ, Burton J, Supplee L. Randomized prevention trial for early 
conduct problems: effects on proactive parenting and links to toddler disruptive behavior. Journal 
of family psychology : JFP : journal of the Division of Family Psychology of the American 
Psychological Association (Division 43). 2007;21:398.

[34]. Landry SH, Smith KE, Swank PR, Guttentag C. A responsive parenting intervention: the optimal 
timing across early childhood for impacting maternal behaviors and child outcomes. 
Developmental psychology. 2008;44:1335. [PubMed: 18793067] 

[35]. Kidokoro H, Neil JJ, Inder TE. New MR imaging assessment tool to define brain abnormalities in 
very preterm infants at term. AJNR American journal of neuroradiology. 2013;34:2208–14. 
[PubMed: 23620070] 

Duncan et al. Page 15

J Pediatr. Author manuscript; available in PMC 2020 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Legend for Online Figure 1: 
Sample Selection Flowchart
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Legend for Online Figure 2: 
Percentage of Children with BSID-III Cognitive and Language Scores <85 by Positive 

Screens on BITSEA Problem and Competence Scales

Note: Percentages are adjusted for center, birthweight, gestational age, multiple gestation, 

race/ethnicity, Medicaid enrollment, sex, antenatal steroids, cesarean delivery, late-onset 

sepsis, surgery for ROP, NEC, or PDA, postnatal steroids, and BPD
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Table 1.

Demographic, Perinatal and Neonatal Cohort Characteristics (N=397)

Characteristic N (%)

Demographic and perinatal characteristics

    Birth weight (g)…mean (SD) 843.16 (188.42)

    Estimated gestational age (wk)…mean (SD) 25.78 (1.02)

    Multiple gestation 90 (23)

    Race/ethnicity

        Non-Hispanic black 122 (31)

        Non-Hispanic white 176 (44)

        Hispanic 85 (21)

        Other 14 (4)

    Male 213 (54)

    Antenatal steroids 380 (96)

    Cesarean delivery 275 (69)

Neonatal characteristics

    PDA 201 (51)

    Late sepsis 130 (33)

    NEC 28 (7)

    Severe ROP 36 (9)

    Surgery for PDA, NEC, and/or ROP 74 (19)

    Postnatal steroids 36 (9)

    BPD (traditional definition) 152 (38)

Neonatal Neuroimaging

    Early CUS adverse finding 39 (10)

    Late CUS adverse finding 22 (6)

    Moderate or severe WMA on ntMRI 76 (19)

    Any cerebellar lesions on ntMRI 65 (16)

    Significant cerebellar lesions on ntMRI 40 (10)

Note: Data is missing for 5 participants on severe ROP and 4 participants on postnatal steroids.

J Pediatr. Author manuscript; available in PMC 2020 January 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Duncan et al. Page 19

Table 2.

BITSEA Problem and Competence Scales by Demographic Characteristics, Bayley Scales, and Neuroimaging 

Findings

Characteristic N Problem Competence

N (%) with positive 
screen

Mean (SD) score N (%) with positive 
screen

Mean (SD) score

Demographic characteristics

    Birth weight

        < 750 g 137 44 (32) 12.6 (7.2) 45 (33)* 15.7 (3.8)**

        750–999 g 174 63 (36) 13.1 (7.3) 40 (23) 16.6 (3.6)

        ≥ 1000 g 86 29 (34) 12.0 (6.8) 17 (20) 17.4 (3.4)

    Estimated gestational age

        24 weeks 49 20 (41) 13.2 (7.2) 16 (33) 15.3 (4.5)*

        25 weeks 113 38 (34) 13.0 (7.1) 29 (26) 16.3 (3.6)

        26 weeks 111 35 (32) 12.3 (7.1) 29 (26) 16.6 (3.3)

        27 weeks 124 43 (35) 12.6 (7.4) 28 (23) 17.0 (3.7)

    Multiple gestation

        Yes 90 24 (27) 10.6 (6.4)** 19 (21) 16.6 (3.5)

        No 307 112 (36) 13.3 (7.3) 83 (27) 16.4 (3.7)

    Race/ethnicity

        Non-Hispanic black 122 54 (44)* 14.9 (8.7)*** 40 (33) 16.9 (3.6)

        Non-Hispanic white 176 50 (28) 11.2 (6.0) 37 (21) 15.8 (4.1)

        Hispanic 85 29 (34) 12.9 (6.5) 24 (28) 16.5 (3.2)

        Other 14 3 (21) 11.9 (6.2) 1 (7) 16.9 (2.8)

    Medicaid enrollment

        Yes 199 84 (42)*** 14.2 (7.6)*** 57 (29) 16.1 (3.7)

        No 198 52 (26) 11.2 (6.4) 45 (23) 16.8 (3.6)

    Gender

        Male 213 75 (35) 12.8 (7.0) 53 (25) 15.8 (3.8)***

        Female 184 61 (33) 12.6 (7.4) 49 (27) 17.2 (3.3)

    Antenatal steroids

        Yes 380 129 (34) 12.7 (7.2) 98 (26) 16.5 (3.7)

        No 17 7 (41) 12.6 (6.0) 4 (24) 16.4 (4.1)

    Cesarean delivery

        Yes 275 92 (33) 12.3 (6.9) 70 (26) 16.3 (3.7)

        No 122 44 (36) 13.7 (7.6) 32 (26) 16.7 (3.7)

Neonatal characteristics

    PDA

        Yes 201 65 (32) 12.2 (6.7) 55 (28) 16.1 (3.7)

        No 196 71 (36) 13.2 (7.6) 47 (24) 16.8 (3.6)

    Late sepsis
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Characteristic N Problem Competence

N (%) with positive 
screen

Mean (SD) score N (%) with positive 
screen

Mean (SD) score

        Yes 130 44 (34) 12.7 (7.3) 38 (29) 16.4 (3.6)

        No 267 92 (34) 12.7 (7.1) 64 (24) 16.5 (3.7)

    Proven NEC

        Yes 28 12 (43) 13.5 (8.6) 8 (29) 16.2 (3.2)

        No 369 124 (34) 12.7 (7.1) 94 (26) 16.5 (3.7)

    Severe ROP

        Yes 36 14 (39) 13.7 (7.6) 17 (50)*** 14.2 (3.1)***

       No 356 119 (33) 12.5 (7.0) 82 (23) 16.7 (3.7)

    Surgery for PDA, NEC, and/or ROP

        Yes 74 27 (36) 12.6 (6.8) 28 (39)** 15.2 (3.2)**

        No 323 109 (34) 12.7 (7.3) 74 (23) 16.7 (3.7)

    Postnatal steroids

        Yes 36 14 (39) 13.0 (6.7) 12 (34) 15.2 (4.7)*

        No 357 121 (34) 12.7 (7.2) 89 (25) 16.6 (3.5)

    BPD (traditional definition)

        Yes 152 49 (32) 12.3 (7.1) 41 (28) 16.2 (4.0)

        No 245 87 (36) 13.0 (7.2) 61 (25) 16.6 (3.4)

    Vision impairment (blind in both eyes)

        Yes 1 0 (0) 7.0 (NA) 1 (100) 13.0 (NA)

        No 396 136 (34) 12.7 (7.2) 101 (26) 16.5 (3.7)

    Hearing impairment

        Yes 6 1 (17) 12.7 (7.2) 3 (50) 14.8 (2.6)

        No 391 135 (35) 11.8 (6.6) 99 (26) 16.5 (3.7)

BSID-III Cognitive and Language Scores

    BSID-III Cognitive Composite

        < 85 88 30 (34) 12.7 (6.0) 40 (47)*** 14.3 (4.2)***

        ≥ 85 307 106 (35) 12.7 (7.5) 62 (20) 17.1 (3.2)

    BSID-III Language Composite

        < 85 163 64 (39) 13.4 (7.1) 67 (42)*** 14.8 (3.9)***

        ≥ 85 226 70 (31) 12.3 (7.3) 35 (16) 17.6 (3.0)

Neuroimaging Findings

Early CUS

    Normal 283 96 (34) 12.3 (6.3) 72 (25) 16.9 (3.5)

    No IVH grade 3–4/PVL 75 27 (36) 12.7 (7.2) 21 (29) 16.4 (3.7)

    IVH grade 3–4/PVL 39 13 (33) 12.9 (7.5) 9 (23) 16.3 (3.8)

Late CUS

    Normal 287 101 (35) 11.0 (3.8) 69 (24) 16.9 (3.4)

    No IVH grade 3–4/PVL 88 30 (34) 13.0 (7.4) 27 (31) 16.6 (3.6)

    IVH grade 3–4/PVL 22 5 (23) 12.3 (6.9) 6 (27) 15.8 (4.0)

Severity of WMA
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Characteristic N Problem Competence

N (%) with positive 
screen

Mean (SD) score N (%) with positive 
screen

Mean (SD) score

    Normal 88 32 (36) 12.7 (7.6) 19 (22) 16.9 (3.6)

    Mild 233 79 (34) 13.0 (7.3) 63 (27) 16.2 (3.8)

    Moderate 61 21 (34) 11.9 (6.7) 15 (25) 16.6 (3.5)

    Severe 15 4 (27) 11.9 (3.3) 5 (33) 16.3 (3.4)

Lesions

    No lesions 215 73 (34) 12.7 (7.5) 52 (24) 16.8 (3.6)*

    Non-cerebellar lesions only 117 37 (32) 12.2 (7.2) 31 (27) 16.4 (3.5)

    Cerebellar lesions 65 26 (40) 13.6 (6.2) 19 (30) 15.3 (4.0)

Significance of cerebellar lesions

    No cerebellar lesions 332 110 (33) 12.5 (7.4) 83 (25) 16.7 (3.6)***

    Non-significant lesions 25 10 (40) 14.3 (6.7) 6 (24) 15.6 (4.2)

    Significant lesions 40 16 (40) 13.1 (5.8) 13 (33) 15.2 (4.0)

*
p< 0.05

**
p < 0.01

***
p < 0.001
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Table 3.

Bayley Cognitive and Language Scores by BITSEA Problem and Competence Scales

Bayley Cognitive < 85 Bayley Language < 85

Adj RR (95% CI) p-value Adj RR (95% CI) p-value

BITSEA Problem Scale

    Positive Screen (yes vs. no) 1.05 (0.66, 1.66) 0.833 1.23 (0.89, 1.71) 0.206

    Scale Score 1.00 (1.00, 1.01) 0.719 1.01 (1.00, 1.01) 0.096

BITSEA Competence Scale

    Positive Screen (yes vs. no) 2.33 (1.49, 3.64) < 0.001 1.94 (1.40, 2.69) < 0.001

    Scale Score 0.97 (0.96, 0.98) < 0.001 0.95 (0.94, 0.97) < 0.001

BITSEA Problem and Competence Scales

    Positive Screen

        Both Scales 2.07 (1.13, 3.80) 0.019 1.85 (1.17, 2.92) 0.009

        Problem Only 0.94 (0.48, 1.85) 0.860 1.48 (0.96, 2.29) 0.077

        Competence Only 2.51 (1.42, 4.44) 0.002 2.62 (1.71, 4.01) < 0.001

        Neither Scale REF REF
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Table 4.

Model-Adjusted Mean BITSEA Scores by Neuroimaging Findings at 18- to 22-Months

Neuroimaging Findings Problem Competence

Adjusted Mean (95% CI) p-value Adjusted Mean (95% CI) p-value

Early CUS

    Normal 12.6 (11.4, 13.7) REF 16.5 (15.8, 17.3) REF

    No IVH grade 3–4/cPVL 12.8 (10.9, 14.6) 0.798 16.5 (15.4, 17.5) 0.883

    IVH grade 3–4/cPVL 12.3 (9.9, 14.6) 0.801 17.2 (15.9, 18.5) 0.283

Late CUS

    Normal 12.9 (11.7, 14.1) REF 16.8 (16.0, 17.5) REF

    No IVH grade 3–4/cPVL 11.9 (10.2, 13.6) 0.230 16.0 (15.0, 17.0) 0.091

    IVH grade 3–4/cPVL 10.9 (7.8, 14.0) 0.200 17.0 (15.3, 18.6) 0.799

Severity of WMA

    Normal 12.7 (11.0, 14.4) REF 16.9 (16.0, 17.9) REF

    Mild 12.7 (11.4, 14.0) 0.982 16.4 (15.7, 17.2) 0.272

    Moderate 12.0 (9.9, 14.0) 0.534 16.8 (15.7, 17.9) 0.865

    Severe 12.4 (8.7, 16.0) 0.857 16.1 (14.2, 18.1) 0.436

Lesions

    No lesions 12.6 (11.3, 13.8) REF 16.8 (16.1, 17.6) REF

Non-cerebellar lesions only 12.1 (10.5, 13.6) 0.551 16.5 (15.6, 17.4) 0.452

    Cerebellar lesions 13.5 (11.6, 15.5) 0.339 15.7 (14.6, 16.8) 0.040

Significance of cerebellar lesions

    No cerebellar lesions 12.4 (11.2, 13.5) REF 16.7 (16.0, 17.4) REF

    Non-significant lesions 14.2 (11.3, 17.1) 0.230 15.9 (14.4, 17.4) 0.261

    Significant lesions 13.2 (10.7, 15.6) 0.517 15.7 (14.4, 17.0) 0.092

Note: REF=reference category; means are adjusted for center, birthweight, gestational age, multiple gestation, race/ethnicity, Medicaid enrollment, 
gender, antenatal steroids, C-section, late-onset sepsis, surgery for ROP, NEC, or PDA, postnatal steroids, and BPD.
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Table 5.

Model-Adjusted Proportions of Positive Screens on BITSEA by Neuroimaging Findings at 18- to 22-Months

Neuroimaging Findings Problem Competence

Adjusted % (95% CI) p-value Adjusted % (95% CI) p-value

Early CUS

    Normal 0.31 (0.23, 0.40) REF 0.19 (0.11, 0.30) REF

    No IVH grade 3–4/cPVL 0.33 (0.21, 0.47) 0.753 0.21 (0.11, 0.36) 0.718

    IVH grade 3–4/cPVL 0.28 (0.15, 0.46) 0.754 0.15 (0.06, 0.31) 0.518

Late CUS

    Normal 0.32 (0.24, 0.42) REF 0.17 (0.10, 0.28) REF

    No IVH grade 3–4/cPVL 0.29 (0.19, 0.41) 0.521 0.23 (0.13, 0.38) 0.237

    IVH grade 3–4/cPVL 0.21 (0.08, 0.44) 0.267 0.18 (0.07, 0.41) 0.908

Severity of WMA

    Normal 0.34 (0.23, 0.48) REF 0.15 (0.08, 0.28) REF

    Mild 0.30 (0.22, 0.39) 0.415 0.20 (0.12, 0.31) 0.352

    Moderate 0.31 (0.19, 0.46) 0.649 0.18 (0.09, 0.34) 0.640

    Severe 0.26 (0.09, 0.54) 0.518 0.27 (0.10, 0.56) 0.282

Lesions

    No lesions 0.31 (0.23, 0.40) REF 0.18 (0.11, 0.29) REF

Non-cerebellar lesions only 0.27 (0.18, 0.38) 0.446 0.20 (0.11, 0.34) 0.638

    Cerebellar lesions 0.37 (0.24, 0.53) 0.356 0.20 (0.10, 0.35)

Significance of cerebellar lesions

    No cerebellar lesions 0.29 (0.22, 0.38) REF 0.19 (0.11, 0.29) REF

    Non-significant lesions 0.37 (0.20, 0.59) 0.423 0.17 (0.06, 0.38) 0.783

    Significant lesions 0.38 (0.22, 0.56) 0.317 0.21 (0.10, 0.40) 0.688

Note: REF=reference category; means are adjusted for center, birthweight, gestational age, multiple gestation, race/ethnicity, Medicaid enrollment, 
gender, antenatal steroids, C-section, late-onset sepsis, surgery for ROP, NEC, or PDA, postnatal steroids, and BPD.
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