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Synopsis
Neonatal neurobehavioral assessment has become a standardized component of clinical care
provided to newborn infants, guiding neonatal clinical care and subsequent access to early
interventions and services. Links between neonatal assessment and neurosensory and motor
impairments in high-risk infants have been relatively well established. In contrast, the extent to
which newborn neurobehavioral assessment might also facilitate the early identification of infants
susceptible to social-emotional impairments in early childhood is less well documented. This
review examines longitudinal links between the neonatal neurobehavioral assessment,
temperament, and socio-emotional outcomes in early childhood.
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INTRODUCTION

Neonatal neurobehavioral assessment has become a standardized and common component of
clinical care provided to newborn infants.! Early editions of neonatal neurobehavioral
assessments date back to the 1900°s2 and primarily emphasized the evaluation of central
nervous system (CNS) organization and maturation.3-6 More recent assessments include
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items that focus on newborn neurobehavioral development, relating the developing nervous
system to functional behavior in the postnatal environment.27 Strength-based
neurobehavioral measures highlight the importance of assessing infant capabilities according
to the infant’s developmental milieu.2#8:9 Neonatal neurobehavioral assessments not only
guide clinical decisions regarding care in the Neonatal Intensive Care Unit (NICU), but also
help to determine which infants will need longer-term support via targeted therapeutic
interventions and the early involvement of specialist developmental services following
hospital discharge.#:8:10.11

To determine the clinical utility of neonatal screening measures, a growing body of evidence
has begun to document the extent to which neonatal assessment predicts long-term cognitive
and motor outcomes.12-14 However, less is known regarding the utility of neonatal
assessments for the identification infants at risk of socio-emotional impairments. As such,
the current review will provide an overview of empirical studies linking newborn
neurobehavioral assessments to socio-emotional outcomes in early childhood. Given that
existing reviews have already highlighted strong associations between newborn neurological
assessments and later neurodevelopmental impairments,2:1° this review will focus on
neurobehavioral assessments only.

Assessment of the Newborn

The initial mechanism by which newborns, defined as infants in the first 28 days of life, are
identified as having disturbances in CNS and neurobehavioral development is through
routine clinical assessment in neonatal care units.® In addition to detailed physical and
neurological exams, a number of standardized assessments are widely available to clinicians
and researchers that provide a comprehensive evaluation of the newborn’s neurobehavioral
capabilities. Newborn assessments typically have at least one of three primary objectives:

1. to identify high-risk infants with CNS and neurobehavioral disturbances in need
of treatment and/or intervention,

2. to evaluate developmental progress in response to NICU interventions and
family-centered therapies, and/or

3. to prognosticate longer-term neurodevelopmental outcomes. 5816

Due to the recent rise of family-centered approaches in neonatal care, an additional objective
included in some assessments concerns the evaluation of the infant in the context of the
parent-infant dyad to promote infant health and the caregiving relationship.14.17

Neonatal Neurobehavioral Assessments

Provided in Table 1 is a general description of established neonatal neurobehavioral
assessments. Variation exists across the assessments in terms of the domains examined, test
construction, and differences in administration approaches regarding infant observation
and/or manipulation/handling.*16 Most measures, however, have a dual emphasis on the
assessment of CNS functions and the neurobehavioral profile.26 Systematic assessment of
neonatal CNS maturity and organization involves the evaluation of primitive reflexes,
spontaneous/elicited movements, and sensory behaviors.2#8 Reflexive and sensory
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behaviors undergo rapid sequential changes in the neonatal period,*® and as such, they are
useful neurophysiological constructs to discriminate compromised CNS function in high-
risk versus healthy neonates. In addition to CNS function, assessment of the newborn
neurobehavioral profile involves the evaluation of three key capacities:

1. active/passive motor activity,
2. state-organization/regulation of arousal, and
3. attention/interactive abilities.

The assessment of newborn neurobehavior has proven useful for the prediction of general
neurodevelopmental outcomes by age 2 years, with some research suggesting potentially to
a greater extent than CNS abnormalities identified by cranial ultrasound.®

Recently developed and commonly used neonatal neurobehavioral screening measures
include The Assessment of Preterm Infants’ Behavior (APIB),18 Neurobehavioral
Assessment of the Preterm Infant (NAPI),1° Neonatal Behavioral Assessment Scale
(NBAS),20 and the NICU Network Neurobehavioral Scale (NNNS).! Regarding test
administration, the NBAS and NNNS are similar in terms of items being administered in
clusters or packages, but differ in that they were created to evaluate behavior in healthy
versus high-risk infants,12 respectively. A relative strength of the NNNS is its flexible
administration that takes the arousal state of the infant into account.8 Also from an infant-
centered perspective, the NBAS focuses on behavioral strengths and views the infant as an
active participant who is capable of communicating through behavior.2:12 Of the
assessments, the NNNS is considered the most comprehensive as it integrates principals and
components from the NBAS, NAPI, and APIB.12 Furthermore, a recent review found that
the NNNS and APIB have strong psychometric properties that make them ideal for research
purposes, whereas the NAPI demonstrates stronger clinical ultility.1

The APIB, ENNAS, NAPI, NBAS, and NNNS provide an objective quantification of infant
behavior observed during the clinician-infant interaction. As family-centered developmental
approaches have become integrated in NICUs, the Newborn Behavioral Observations system
(NBO)Y and Newborn Individualized Developmental Care and Assessment Program
(NIDCAP)2! were developed to evaluate the infant in the context of the caregiver-infant
relationship. The NBO is a strengths-based assessment that yields an individualized
description of an infant’s hierarchically-organized neurobehavioral capabilites.?2
Throughout the NBO, the clinician involves the parent(s) in baby-led assessments,
developing handling and caregiving techniques that parent(s) can use in the home
environment to sensitively respond to infant behavioral cues. Likewise, the NIDCAP is a
family-centered systems-based protocol that focuses on newborn autonomic, motor, state-
organization, attention/interaction, and self-regulation systems, observed before and after
caregiving.2! The unique aspect of the NIDCAP is to provide neonatal assessment/
observation in a way that is developmentally-sensitive and individualized, which includes
adapting the postnatal environment to accommodate the infant’s threshold for sensory input
and/or neurobehavioral regulatory capacities.1
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The Neurobiological Framework of Newborn Neurobehavior

The APIB, NBAS, and NIDCAP were developed on the basis of the Synactive framework4
which proposes that optimal biobehavioral development depends on the integration of
mature of CNS and neurobehavioral systems. Specifically, the Synactive Theory of Neonatal
Behavioral Organization23 conceptualizes infant development as the progressive
organization and integration of five systems/domains including: physiology, motor control,
state-organization/arousal, attention/interaction capabilities, and self-regulation.2? Integrated
and synchronized systems help a mature infant to manage sensory input and regulate
behavior.? As illustrated in Figure 1, neonatal screening focuses on the developing CNS (i.e.,
sensory functions and reflexes) and the integrated neurobehavioral profile (/.e., motor
control/regulation, state-organization, attention/orientation capabilities), impairments in
which relate to low sensitivity thresholds/high reactivity and poor regulation in the
infant.9:24 Given the interrelated nature of newborn neurobehavioral systems, and that
neonatal assessments demonstrate conceptual overlap with measures of temperament,2>
neonatal screening measures may capture some of the early neurobehavioral and
physiological alterations underlying regulation and reactivity in infancy that, in turn, relate
to socio-emotional development in childhood.

Neonatal Assessment and Infant Temperament

Temperament is the biologically-based construct that, with environmental experience,
underpins and shapes early personality traits and risks for socio-emotional impairments.26:27
Rudimentary aspects of temperament are observable within the first year of life. From 1 to
12 months old, one of the infant’s primary developmental tasks is to regulate behavior using
basic neuro-physiological modulatory mechanisms, such as disengaging from adverse
stimuli and engaging in self-soothing behavior, to modulate high levels of arousal and/or
distress.922:28 From 9 to 12 months old, sensory-motor regulation steadily improves as
motor skills mature, facilitating simple goal-directed behavior as well as the redirection of
behavior when needed.28 As focused attention and shifting attention skills develop in
parallel with sensory-motor regulation skills, infants are increasingly able to regulate
reactivity and emotional distress.28:29

Temperament in infancy and childhood has been broadly categorized into “easy” and
“difficult” dimensions defined by positive/negative affect, intensity of reactions, approach
and withdrawal behaviors, and the predictability of behavior across situations.30:31
Conceptually, models of temperament show considerable overlap with constructs included in
neonatal screening measures, both often assessing state-organization/arousal, self-regulation,
and attention/orientation. Concurrent relationships between neonatal assessments and
maternal-report of infant temperament have been reported up to 1 month of age. In 100
mother-infant dyads, principal component analysis (PCA) was performed using the NNNS,
the Early Infant Temperament Questionnaire (EITQ) and the Infant Sensory Profile (1SP).25
Results of the PCA yielded a 3 factor model comprised of Sensory-Affective Reactivity,
Engagement, and State Regulation-Motor Competence. Specific findings showed that the
NNNS Regulation and Stress scales loaded onto all three factors, and NNNS Arousal loaded
onto both the Sensory-Affective Reactivity and State Regulation-Motor Competence factors.
In addition, EITQ Distractibility, Activity Level, Threshold, Persistence; and ISP Low
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Threshold also mapped onto Sensory-Affective Reactivity and Engagement constructs.
Although correlations were strongest between parent-reports of infant temperament and
sensory processing, the PCA results suggested a common latent structure between the
NNNS, temperament, and sensory processing in early infancy.

In addition to concurrent relationships in the first month of life, neonatal screening measures
also show longitudinal associations with temperament in later infancy. In a study by Tirosh
and colleuges,32 a small group of healthy neonates (/= 40) was assessed with the NBAS 48—
72 hours after birth. NBAS clusters of interest included Physiological Regulation, Motor and
State Control, and Orientation and Habituation to Stimuli. The state-regulation behaviors,
comprised of Cuddliness and Consolability items, and the Defense subscale from the NBAS
Motor cluster were strong predictors of temperament at age 4 months, explaining 57% of
variance in total Infant Characteristics Questionnaire scores. As well as being an antecedent
of infant temperament, neonatal neurobehavior has been found to moderate the relationship
between prenatal exposure to maternal glucocorticoids and emotion regulation at age 6
months. Bolten and colleagues33 used the NNNS to assess neonatal reactivity to stimulation
at 10-14 days corrected age, and found that high levels of reactivity moderated the
association between heightened maternal HPA axis activity during pregnancy and fewer
infant self-soothing activities observed at age 6 months. When taken together, these studies
suggest that neonatal neurobehavior relates to temperament within the first year of life, and
that emerging aspects of temperament may be observable within the neonatal period.

Extending findings from late infancy, neonatal screening measures have also been linked to
temperament in early childhood. For example, Costa and Figueiredo3 assessed 94 infants
(80% normal and born at term) with the NBAS at 8 weeks old. Measures of social
withdrawal and neuroendocrine reactivity to inoculation were also collected between 8 and
12 weeks old. Cluster analysis was used on the neurobehavioral, social, and neuroendocrine
reactivity measures, which produced three psychophysiological groups defined as
Withdrawn, Extroverted and Underaroused. Costa and Figueiredo3* then compared these
three groups across the maternal-report Infant Behavior Questionnaire (IBQ) at 1 year
follow-up. Findings showed that the Withdrawn group had significantly lower Activity Level
ratings on the IBQ than the Extroverted group, and the Underaroused group had lower
Perceptual Sensitivity ratings on the IBQ compared to the Withdrawn group. Findings
highlight that maternal perceptions of infant temperament varied as a function of neonatal
psychophysiological profile, suggesting that the NBAS may capture some of the early
neurobehavioral and physiological alterations related to differences in temperament.

Also using the NBAS, Canals and colleagues3® examined prospective associations between
the NBAS administered at 3 and 30 days old in a sample of healthy infants (7=72), and
temperament outcomes to age 6 years. Findings showed significant correlations between the
NBAS and parent-ratings on the Infant Behavior Record at ages 4 and 12 months and the
Dimensions of Temperament Survey-Revised at age 6 years old, though some correlations
were modest. Interestingly, NBAS Autonomic Nervous System (ANS) Stability predicted
Affect at age 4 months and Attention at age 12 months, while NBAS State Regulation
predicted Affect at 4 months and General Activity at age 6 years. Furthermore, NBAS
Endurance scores related to General Activity and Persistence/attention at age 6 years. When
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taken together, the findings of Costa and Figueiredo3* and Canals and colleagues® indicate
that the NBAS demonstrates relationships with temperament up to age 6 years. In particular,
ANS stability and state-regulation may be relatively stable markers of temperament,
highlighting developmental continuity within these constructs.

Neonatal Assessment and Socio-Emotional Impairments in Childhood

As outlined above, follow-up studies have reported associations between neonatal
neurobehavioral development and temperament in childhood.3%:36 Temperament is, in turn, a
good marker of the regulatory and affective problems that underlie socio-emotional
problems in childhood.27-37-40 Thus, neonatal neurobehavioral screening may help identify
infants at-risk of socio-emotional impairments in childhood.3?41 Socio-emotional
impairments, including internalizing and externalizing problems, are commonly assessed
using dimensional screening tools such as the Child Behavior Checklist (CBCL) and the
Strengths and Difficulties Questionnaire (SDQ).#2 For example, a large cohort of infants
(m=1248) was assessed with the NNNS at 1 month of age as part of a longitudinal study by
Liu and colleagues.*3 Results of latent class analysis indicated that 5.8% of study infants
were characterized by an extremely negative NNNS profile. These infants obtained the
poorest NNNS scores for Attention with Handling, Self-Regulation, Hypotonicity, Non-
Optimal and Asymmetric Reflexes, Quality of Movement, and Stress Abstinence Signs.
Infants in the extremely negative NNNS profile group had significantly higher odds ratios
for Externalizing (2.05), Internalizing (2.72), and Total Problems (2.37) on the CBCL
relative to the other NNNS profile groups at age 3 years, after adjusting for gestational age
and socio-economic status. In a sample of cocaine exposed infants (7=360), structural
equation modelling similarly showed sequential relationships between the NNNS
administered at 1 month of age and temperament at age 4 months, which was in turn,
predictive of CBCL Externalizing, Internalizing, and Total Problem scores at age 3 years.3?

Like the NNNS, the NBAS demonstrates significant associations with the CBCL4445 and
the SDQ* at follow-up. Canals, Esparo and Fernandez-Ballart** examined the extent to
which clusters of the NBAS, administered at ages 3 days and 4 weeks old in healthy infants
(m=80), predicted CBCL Internalizing and Externalizing Problem scores at age 6 years.
Findings showed that lower Orientation and higher Motor and Habituation cluster scores on
day 3 of life predicted externalizing outcomes, whereas lower Habituation cluster scores at
age 4 weeks predicted internalizing outcomes. Results were adjusted for mother’s
employment status and mental health and infant birthweight and sex. Another study found
that the NBAS administered at 40 and 44 weeks postmenstrual age was able to correctly
identify around 75% and 95% of clinical versus normal ratings on the Total Difficulties scale
of the SDQ at age 7-8 years, respectively.46

In contrast, a more recent longitudinal study#® of preterm infants born 25-35 weeks
gestational age without perinatal complications or high-grade brain injury, reported that a
NBAS composite score comprised of the State and Regulation of State clusters did not
significantly relate to CBCL Total Problem scores at age 10 years. Feldman?® instead found
that the NBAS composite score was correlated with children’s levels of cognitive and
emotional empathy, assessed via direct observation and self-ratings of emotional responses.
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Differences in methodological approaches might account for the discrepancy in results.
While Canals, Esparo and Fernandez-Ballart4 examined individual associations between
each of the NBAS clusters and scales of the CBCL, Feldman“® examined a NBAS composite
cluster score in relation to Total Problems on the CBCL. Thus, the extent to which the
NBAS predicts internalizing, externalizing or combined adjustment problems in childhood
remains unclear.

SUMMARY/DISCUSSION

When taken together, findings of existing studies suggest that neonatal neurobehavioral
assessments may be useful for early identification of infants at-risk for socio-emaotional
impairments in early childhood. Consistent links were found between less optimal
performance on neonatal screening measures and poorer temperament outcomes, 32:34:35.39
In addition to temperamental difficulties increasing risks of socio-emotional
problems,27:28:30.39.40 there was evidence for direct associations between newborn NBAS
and NNNS assessments and externalizing®6 and internalizing#344 outcomes in childhood.
Although one study*® did not find a longitudinal relationship with combined externalizing
and internalizing outcomes, they did report an association with emotional empathy which is
a component of socio-emotional development.#” Therefore, while newborn assessments have
traditionally been developed from the disciplines of medicine, behavioral pediatrics and
occupational therapy,2® the inclusion of mental health perspectives is also needed to address
the increased risk of socio-emotional problems among highly reactive and dysregulated
infants.

Conceptually, the findings of the reviewed studies support existing models of temperament
and developmental continuity. A number of study findings were consistent with Rothbart’s
model of temperamentZ® which highlights reactivity and regulation as the central tenants
underlying individual differences in activity/impulsivity, effortful-control, and attention. For
example, neonates with lower levels of ANS stability and state-regulation were more likely
to be perceived as fussy, poorly regulated and/or highly reactive toddlers, and in turn, be
rated more highly on measures of socio-emotional problems in childhood.32:3545 Similarly,
neonates who had poorer state-regulation and motor activity, were viewed as unpredictable
and highly active in early childhood and subsequently rated at risk of externalizing
problems.#446 The apparent developmental continuity between neonatal behavior,
temperament, and socio-emotional problems indicates that aspects of neonatal
neurobehavioral and socio-emotional development may be longitudinally expressed
components of the same phenotype, and thus stable, within early childhood.48.26

In addition to developmental continuity, patterns of heterotypic continuity were found in
some studies.32:35.44 These studies found that a specific component of neonatal
neurobehavior was related to a range of socio-emotional outcomes in early childhood. For
example, one study found NBAS Autonomic Nervous System Stability predicted both
affective and attention outcomes within the first year of life3> and another study found that
NBAS Habituation scores predicted internalizing and externalizing problems at age 6
years.** Heterotypic continuity between early neonatal behavior and various socio-emotional
outcomes occurs when an innate characteristic (e.g., the capacity for regulation) underlies a

Child Adolesc Psychiatr Clin N Am. Author manuscript; available in PMC 2018 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lean et al.

Page 8

set of conceptually related outcomes (e.g., emotional regulation, inhibitory control).3548 As
such, specific aspects of neonatal behavior may be useful markers for a diverse range of
socio-emotional problems in childhood.

Although neonatal screening demonstrates developmental continuity with socio-emotional
outcomes, a number of issues remain. First, many of the reported associations between
neonatal and socio-emotional development were established using correlation3545 or linear
regression methods.32:3% While this provides insight on the nature of relations between
neonatal and socio-emotional measures, it is difficult to determine the extent of agreement
between these measures in terms of caseness. To the knowledge of the authors, just two
studies reported classification agreement between neonatal assessment and socio-emotional
measures using estimated coefficients from logistic regression.#446 Specificity/sensitivity
approaches appear to be more common in studies evaluating the validity of neonatal
assessment for later motor and cognitive impairments.#13:15 As such, there may be some
benefit in applying sensitivity/specificity approaches to similarly evaluate the prognostic
accuracy of neonatal screening for socio-emotional outcomes.

Second, methodological differences between studies may explain mixed findings. Regarding
the NBAS and NNNS, some studies examined the utility of cluster scores,32:35:43:44
composite or latent summary scores,3945 or study-specific total item summary scores.3446
Differences were also noted in terms of the use of individual CBCL Externalizing and
Internalizing Problem scales#344 or the overall Total Problem scales?® as outcome measures.
Additional research is needed to elucidate specific relationships between neonatal
neurobehavioral and socio-emotional sub-scales in order to determine if neonatal makers are
more sensitive to particular socio-emotional domains. Future research should also consider
evaluating the utility of neonatal assessments besides the NBAS and NNNS, and link
findings beyond CBCL and SDQ symptom screening measures to clinical evaluations of
child psychopathology.

Clinical Applications

Despite methodological differences across studies, neonatal neurobehavioral measures
appear to capture emerging indicators of reactivity and regulation problems that lead to
socio-emotional difficulties, as early as the newborn period. Based upon neonatal screening
results, at-risk infants and their families may benefit from embedded child mental health
surveillance and intervention provided as part of long-term follow-up after Nursery
discharge. Strategies to monitor and support early socio-emotional outcomes among at-risk
infants include the promotion of infant capabilities within the context of the mother-child
dyad.

Family-centered neonatal interventions, such as the NBO and NIDCAP, help parents
transition to the caregiving role and promote parenting efficacy. Short-term preliminary
findings show that the NBO supports the transition to motherhood,>° reduces post-partum
depression symptoms,®! and promotes quality caregiving among mothers of high-risk
infants.52 Importantly, these interventions help parents recognize and interpret infant
behavioral cues and respond to the infant’s needs in a timely and sensitive manner.21:22
Interventions that enhance caregiving-sensitivity and attachment-based parenting have been

Child Adolesc Psychiatr Clin N Am. Author manuscript; available in PMC 2018 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lean et al. Page 9

shown to promote behavioral and cognitive resiliency in at-risk infants and children.53:54
While a recent meta-analysis did not find any evidence to suggest that the NIDCAP protocol
improves long-term neurosensory, motor and cognitive outcomes in preterm infants,4 socio-
emotional outcomes were not assessed. Thus, NIDCAP may still improve the goodness-of-
fit in parent-infant dyads, and in turn, support the development of infant temperament and
emotion regulation.24° Of note, a systematic Cochrane review evaluating the NBO and
NBAS as interventions that improve a wide range of caregiver and infant outcomes is
currently underway.>®

Conclusions

Neonatal neurobehavioral screening measures assess CNS functions in conjunction with the
neurobehavioral profile of the newborn. The vast majority of newborn assessments evaluate
sensory behavior, reflexes, motor control, state-organization, and attention/interactive
capabilities. In high-risk neonates, neonatal neurobehavioral assessments demonstrate
clinical utility for the identification of neurosensory, cognitive and motor impairments in
childhood. When used in the same fashion, neonatal screening measures also appear to
capture some of the early physiological and neurobehavioral markers related to longer-term
differences in temperament and socio-emotional development, due to the 1) conceptual
overlap between neonatal and socio-emotional outcome measures, and 2) developmental
continuity in reactivity and regulatory behaviors. Therefore, assessment of the newborn’s
neurobehavior can inform preventative interventions that target high-risk mother-infant
dyads to better support infant socio-emotional development and alter trajectories to prevent
childhood psychiatric disorders.
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Key Points
1. Neonatal neurobehavioral assessment is one key mechanism by which
neonates with central nervous system and neurobehavioral disturbances are
identified.
2. Neonates with highly reactive and dysregulated neurobehavioral profiles are

at greater risk of temperamental difficulties by late infancy.

3. The NNNS and NBAS show significant associations with externalizing,
internalizing, and emotion regulation problems in early-to-middle childhood,
suggesting that neonatal screening measures capture early physiological and
neurobehavioral markers related to longer-term differences in early mental
health.

4, Psychiatric services should be embedded in wrap-around longitudinal care for
at-risk newborns to support socio-emotional development in the context of the
caregiver-infant relationship.
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Socio-Emotional
Impairments

Internalizing &/or
externalizing
symptoms

Adaptive
Socio-Emotional
Development

CHILDHOOD

A conceptual framework linking newborn assessment of CNS functions and the
neurobehavioral profile to temperamental difficulties and socio-emotional impairments in

childhood.
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