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Education Gap
It is important for health care professionals to understand and address not
only the medical risk factors associated with extreme prematurity that affect
preterm infant neurobehavior in the NICU and postdischarge outcomes, but
also the powerful effects of maternal, NICU, and social environmental risk
factors.

Abstract
Preterm infants are at increased risk for adverse neurodevelopmental
outcomes. The impact of maternal, NICU, and social environmental factors on
early neurobehavior and language outcomes of preterm infants is
recognized. There is a need for health care professionals to have a clear
understanding of the importance of facilitating positive mother-infant
relationships, and to address not only the infant’s sensory and language
environment, but also focus on adverse maternal mental health and social
adversities to optimize infant outcomes.

Objectives

After completing this article, readers should be able to:

1. Identify characteristics of the NICU environment that contribute to less
optimal neonatal neurobehavior and short- and long-term language
outcomes.
2. Explain why the development of early language skills is important.
3. Describe the relationship between environmental characteristics and
brain development in preterm infants.
4. Identify maternal/parental interventions that should be encouraged in the
NICU to improve short- and long-term language outcomes.

INTRODUCTION
Both biologic factors and a spectrum of environmental factors affect neonatal and
postdischarge outcomes of preterm infants. (1) Infants ﬂourish optimally in an
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environment that includes maternal comforting touch,
voice, and love beginning at birth and continuing in a stable
secure home environment. (2)(3)(4) Maternal, NICU, environmental, and socioeconomic factors that are early predictors of neurobehavior and language outcomes of preterm
infants have been described. (5)(6)(7)(8)(9) There is a need
for health care professionals to have a clear understanding
of the importance of facilitating positive mother-infant
relationships beginning in the NICU, and the need to
address adverse maternal mental health, social adversities,
and the infant’s sensory environment to optimize outcomes
of preterm infants.

STRESS
Over the past decade, the adverse effects of stress have been
well documented and described. Beginning with the landmark Adverse Childhood Experiences Study, (10) researchers
started to appreciate not only the short-term but also the
long-term negative implications of stress exposure. The
repetitive, continuous, or extreme activation of the stress
response system is linked to the term “toxic” stress. Risk
factors for stress include early abuse, neglect, and parental
mental health problems. The American Academy of Pediatrics (AAP) 2012 report on early adversity and toxic stress
introduces an eco-bio-developmental framework that affects
brain development and subsequent long-term health. (11)
The current paradigm proposes that the convergence of
genetics, environmental stresses, and developmental outcomes deﬁne health.

THE NICU ENVIRONMENT AND STRESS
By default of being born too early, the preterm infant’s new
extrauterine environment is an equipment-driven NICU,
consisting of multiple, potentially toxic stressors, including
reliance on complex technology coupled with separation
from the mother. Of great concern is the inﬂuence of stress
on the development of biologic systems, including the brain,
(12)(13) endocrine, (14)(15)(16) and immune systems.
(17)(18) The load of stress in the NICU, while lifesaving
and necessary, is often chronic or repeated. Direct, early,
painful stimuli can include intubations, mechanical ventilation, intravenous catheter placement, and heel sticks.
(19)(20)(21) In a 2016 systematic review consisting of 18
observational studies, Cruz et al described an average of 8 to
18 invasive procedures per neonate per day in the NICU.
(22) In addition, a rapid change to bright lighting that often
accompanies critical procedures may contribute to physiologic dysregulation. (23)

The early infant-caregiver bond that is essential for
healthy development is altered in the NICU as a consequence of the medical acuity and environmental constraints. During a period when nurturing is critical,
preterm infants are separated from their mothers. Infants in the NICU are therefore deprived of maternal touch
and skin-to-skin care.
Innovative animal research from Liu et al demonstrated that rat pups exposed to increased levels of maternal care, characterized by licking and grooming, had
improved stress reactions measured by hypothalamicpituitary-adrenal responses. (15) In humans, beneﬁts of
skin-to-skin contact are well documented and have been
noted to promote various health beneﬁts, including
increased breastfeeding, (24) improved cardiorespiratory
stability and growth, (25) and amelioration of procedural
pain. (26)(27) For preterm infants in particular, early,
consistent, and prolonged skin-to-skin contact has been
shown to reduce rates of morbidities, such as bronchopulmonary dysplasia and nosocomial infection. (28) Yet
ill infants are not often held because of concerns about
adverse medical consequences. (29)(30) Importantly,
beneﬁts of skin-to-skin care may also extend to parents,
with reports of decreased symptoms of depression and
anxiety (31)(32) and more positive parent-child interactions. (33) In a systematic review of barriers to kangaroo
care, Chan et al identiﬁed several deterrents, including
lack of time, support, and family acceptance. (34)
It is important to recognize that while the mother and
hospitalized infant are separated from each other physically,
there is also a risk of emotional separation. (35) There are
myriad reasons that mothers may feel isolated or “removed”
from their role as mother. Loss of control, (36)(37) infant
appearance and behavior, (38) and frightening NICU sights
and sounds (38) may lead to parent withdrawal. Indeed,
higher rates of symptoms of depression, anxiety, worry, and
posttraumatic stress disorders are reported in mothers of
preterm infants compared with mothers of term infants,
(39)(40)(41) and some symptoms may start as early as the
time of delivery. (42) Poor maternal mental well-being has
been associated with decreased visitation, (43) decreased
participation in bedside care, (44) and decreased parenting
readiness. (45)

INTEGRATION OF THE FAMILY INTO NICU CARE
Acknowledging parents as key caregivers in the NICU, the
National Perinatal Association recommends broadening the
mindset of neonatal care to multidisciplinary family care in
efforts to buffer acute and chronic NICU stressors. (46)(47)
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(48) Sanders and Hall, as well as others, suggest that as trauma
is experienced by both infant and parents in the NICU; staff
provision of care to families shifts toward trauma-informed care
to promote the mother-infant connection and improve the
outcome for both the mother and her infant. (49)(50)
Several investigators have not only recognized the need
for integrated, family-centered care to potentially buffer the
effect of NICU stressors, but have designed interventions or
models of care to help facilitate and encourage parental
participation. In 2001, Melnyk and colleagues described a
NICU-based intervention, Creating Opportunities for Parent
Empowerment (COPE), an educational-behavioral curriculum for parents of preterm infants aimed at strengthening
parent knowledge, role, and participation in needs and care.
(51) Randomized controlled trials incorporating COPE have
demonstrated less NICU maternal stress, depression, and
anxiety, (52)(53)(54) and increased parent participation in
infant care, (53) compared with control mothers. The
Mother-Infant Transaction Program, (55) an intervention
that teaches parents how to observe their infant’s behavioral state and cues and how to facilitate engaging interaction, has also shown promise. Investigators reported
improved mother-infant interactions, (55) including better
responses to the infant’s stress cues, (56) increased breastfeeding, (57) and reduced postpartum depression symptoms, (57) with some beneﬁts persisting into early childhood.
(58)(59)(60) A recent meta-analysis identiﬁed programs that
were multifaceted, centering on integrating psychosocial
support, parent education, and infant development support, which showed signiﬁcant reduction in parental trauma
and stress. (61)
Family Integrated Care (FICare), an innovative model
that empowers parents to be integral primary caregivers in
the NICU, has expanded family-centered care even further.
(62) This model, which starts as early as the day of admission, is showing promising results; it teaches parents how to
participate in bedside care, enhances staff/parent education,
fosters active communication, and implements peer support in a supportive physical environment. (63)(64)(65) In
2018, O’Brien and colleagues reported results of a randomized controlled trial from 26 tertiary NICUs in Canada,
Australia, and New Zealand. (66) Mothers in the FICare
group, who committed to being present in the NICU for at
least 6 hours/day, were compared with those receiving
standard NICU care. At day 21, infants in the FICare group
had greater weight gain and were more likely to exclusively
receive breast milk, and FICare mothers had lower mean
scores on anxiety and stress. Data from these different
models clearly demonstrate the beneﬁts of broadening
the scope of family integration.
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SINGLE-FAMILY ROOM VERSUS OPEN-BAY NICU
With the intent of supporting enhanced family-centered
care models, the single-family room (SFR) environment
has been adopted in many NICUs. Beneﬁts for preterm
infants have included increased rates of breastfeeding (67)
(68); reductions in mortality, infections, apnea, and time to
full enteric feeds; and decreased length of initial hospitalization and hospital readmissions. (63)(67)(69)(70)(71) A
recently published meta-analysis by van Veenendaal and
colleagues (72) that included 13 distinct study populations
(consisting of 1 randomized trial, 5 nonrandomized trials,
and 7 before-and-after studies on relocation to new NICU
environments), found that infants in SFR units had a lower
incidence of sepsis (relative risk [RR] 0.63; conﬁdence
interval [CI] 0.5–0.78) and higher rates of exclusive breastfeeding (RR 1.31; CI 1.07–1.61). (72) There were no differences in mortality, length of hospital stay, growth, or major
morbidities.
Greater parent satisfaction has been reported among
families in SFR NICUs, including increased privacy,
more comfortable surroundings, decreased noise, and
opportunities for longer nurse-parent interactions. (67)
(73)(74)(75)(76) Lester et al noted that mothers in SFR
NICUs reported not only increased satisfaction, but more
involvement in their infant’s care, including skin-to-skin
care, and less stress, compared with mothers in openbay NICUs. (71) In addition, improved infant growth
and decreased number of medical procedures were mediated by increased developmental support and maternal
involvement. Intuitively, it seems reasonable that a comfortable, quiet, family-centered private room environment would lead to increased parental presence. In a
Norwegian prospective survey study of preterm infants,
Tandberg et al found that mothers in SFRs spent significantly more time in the NICU compared with mothers in
an open-bay unit (median of 20 hours/day vs 7 hours/day;
P<.001). (77) However, it is important to note that in the
Lester et al cohort, (71) maternal involvement was related
to higher socioeconomic status, and in the Tandberg
cohort, (77) mothers were in general highly educated,
with nearly 80% of the mothers in SFRs being collegeeducated compared with 70% of those in open-bay units.
Although maternal visitation and involvement is critical
to the mother-infant dyad, not all parents are able to
spend equal amount of time at the bedside. Sociodemographic factors that may limit presence in the NICU
include young maternal age, single parent, greater number of children at home, maternal psychologic distress,
and economic challenges. (38)(43)(78)(79) Thus, when
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implementing interventions or support for both parents
and their infants, success will be maximized if stressors
and barriers are recognized and addressed.
Very few studies have looked at sustained beneﬁts and
outcomes of infants cared for in SFR NICUs. Lester et al
identiﬁed increased family-centered care, developmental support, and maternal involvement associated with
improved 18-month Bayley Scales of Infant and Toddler
Development, Third Edition (BSID-III) cognitive and language scores. (80) In a larger cohort from the same NICU,
Vohr et al reported that at 18 to 24 months of age, SFR NICU
was associated with a 2.5-point increase in BSID-III cognitive scores and a 3.7-point increase in language scores compared with open-bay units. (81) However, in separate models
based on insurance type, the beneﬁcial effects of SFR
remained signiﬁcant only for infant language scores in
families with private insurance. The ﬁndings of associations
between increased BSID-III scores and high maternal
involvement and socioeconomic status may partially explain
the contrasting results reported by Pineda and colleagues. (82)
In a cohort of infants born at less than 30 weeks’ gestation,
infants in private rooms had lower language and motor
scores, but the authors noted that this cohort had high rates
of public insurance and low parental visitation. Although
more studies examining long-term neurodevelopmental
outcomes are needed to explore how to optimize the NICU
environment, most experts agree about the importance of
including sensory-appropriate stimuli in the setting of
maximizing parental visitation and involvement.

INFANT NEUROBEHAVIOR AND ENVIRONMENT
Engaging parents in infant bedside care and developmental
support brings to light an aspect of development that is
not often recognized, or even assessed in the ICU setting.
Infant neurobehavior, which in part is a reﬂection of the
relationship between central nervous system functioning
and behavioral adaptations to the environment, can offer
early insight into a neonate’s functional reactions to biologic, sensory, and social stress. Different assessment tools
have been used in various NICU settings, one of which is the
NICU Network Neurobehavioral Scale (NNNS). The NNNS
is a 20- to 30-minute validated, standardized, comprehensive evaluation that incorporates neurologic, behavioral, and
stress measures with strong interrater reliability. (83)(84)
(85) Certiﬁed examiners assess tone, reﬂexes, items that
reﬂect physical maturity, social/behavioral functions,
including auditory and visual orientation, and comprehensive stress signs, which are organized by organ system.
Thirteen summary scores are used to summarize the

clinical examination. Much of the early NNNS work centered on term infants, and by providing normative reference
values, investigators were able to evaluate term infants in
various high-risk medical and psychosocial settings.
(86)(87)(88)(89)(90)
More recently, the NNNS has been used in cohorts of
preterm infants. Compared with term infants, preterm
infants display more nonoptimal reﬂexes, poorer quality
of movements, less attention, and more difﬁculties regulating stress. (91) However, supportive environments may
help optimize neurobehavior. Lester et al reported that
preterm infants in SFR NICUs had less lethargy, hypertonicity, and physiologic stress signs, and showed better
attention at term-age compared with infants in open-bay
units. (71) Findings were mediated by increased maternal
involvement and developmental support. Similarly, Pineda
et al observed that increased parent holding and skin-toskin contact was associated with better reﬂexes and less
asymmetry at term postmenstrual age. (78)
As expected, medical complications also have negative
effects on neurodevelopment; chronic lung disease, intraventricular hemorrhage, necrotizing enterocolitis, and gray
and white matter abnormalities seen on magnetic resonance imaging (MRI) have all been associated with abnormal NNNS summary scores. (92)(93) Smith et al reported
that increased Neonatal Infant Stressor Scale scores were
associated with altered NNNS motor scores. (7) Patterns of
summary scores may also be categorized in mutually exclusive “proﬁles,” which represent an overall repertoire of the
infant’s neurobehavior functioning and interactions. (94)
Proﬁles may be helpful for parents and clinicians to have an
overall “picture” of an infant’s neurobehavior. NNNS proﬁles, which can be categorized from most typical (low risk)
to most atypical (high risk) have also been useful, because
atypical proﬁles have been shown to be predictive of early
childhood motor, cognitive, and behavior problems in a
cohort of infants of less than 37 weeks’ gestation with
prenatal substance exposure. (95)

NICU LANGUAGE ENVIRONMENT
More recently, social and sensory isolation in the NICU have
been recognized as possible contributors to adverse outcomes. (4)(96)(97)(98)(99) Preterm infants in the NICU
have multiple caretakers, repeated painful procedures,
dependency on complex technology, and absence of continued caretaking by their mothers. (21)(100) The noise
environment of the NICU is accentuated by monitors,
respiratory equipment, and number of staff. (101) Although
the AAP recommends maintaining noise levels at 45 dB,
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levels are reported to be consistently higher. (102) Pineda
et al reported that the average NICU sound level was
58.9 dB, with an average peak level of 86.9 dB. (8) Noise
level was signiﬁcantly related to medical interventions. The
NICU environment can be contrasted with that of the
healthy full-term infant who is exposed to typical touch,
talk, and social interactions of a family unit and goes home
from the birthing hospital in 1 to 3 days. In the Pineda et al
study, parent presence and parent holding of the infant in
the NICU were both associated with increased adult word
exposure. (8)
The question then arises: “Is the infant in the NICU
physiologically ready for language exposure?” In fact, auditory reception occurs as early as 24 to 26 weeks of gestation
when the cochlea of the inner ear completes development.
The fetus responds to vibroacoustic stimuli by 24 to 25
weeks and has consistent responses by 27 to 28 weeks’
gestation. (103) Changes in fetal heart rate in response
to maternal voice as early as 32 to 37 weeks’ gestation have
been interpreted as a preattention reaction. (104) Threeday-old term infants prefer their mothers’ voice to other
female voices. (105)
A study of preterm infants of 25 to 30 weeks’ gestation
who were exposed to alternate feedings with exposure to
either standard NICU sounds or 30-minute recordings of
their mothers’ heart rate and voice identiﬁed that the
infant’s heart rate decreased signiﬁcantly in response to
maternal sounds. (106) This was interpreted as greater
comfort/relaxation of infants when exposed to their mother’s sounds. Other beneﬁcial effects of recorded mother’s
voices that have been reported include decreased apnea
and bradycardia, (107) increased weight gain velocity, (108)
increased attending behavior, (109) earlier enteral feedings,
(110) and increased visual attention and quality of movements. (111) Caskey et al reported that very preterm infants
in the NICU have vocalizations other than cry, that these
vocalizations increase between 32 and 36 weeks’ gestation in
the NICU, and that preterm infants vocalize and respond
preferentially to their mother’s voice over the nurse’s voice
as early as 32 weeks’ gestation. (6)

LANGUAGE OUTCOMES INCREASED RISK
Language skills are key to successful communication,
social-emotional development, and academic success.
An extensive body of evidence has demonstrated that
preterm infants are at increased risk of short-term and
long-term mild to moderate delays in speech and language, (112)(113)(114) including vocabulary development, (115) phonological processing, (116)(117) language
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comprehension, (118) verbal short-term memory, (119) and
grammatical development. (120) Numerous studies and
reviews (121) have reported preterm infant delays and impairments in both simple language function and complex
language functions. (112)
Language delays among preterm infants are often
found in association with additional cognitive (122) and
behavioral challenges. (123)(124) Language delays and
impairments in preterm infants have been associated
with neonatal illness severity, such as brain injury including grade 3 to 4 intraventricular hemorrhage, chronic
lung disease, prolonged assisted ventilation, prolonged
hospitalization, and hearing loss. (121) More recently,
increased attention has focused on the impact of maternal IQ, adverse mental health, single parent, and nonoptimal parent involvement. (125)(126)(127)(128)

BRAIN AND LANGUAGE
Evidence shows that exposure of the preterm brain to the
extrauterine environment alters neuronal differentiation,
which may alter subsequent development. (129)(130)(131)
The question is then posed: “Does language exposure in
the NICU make a difference in brain development and
in language outcomes for the preterm infant?” Brain areas
of importance for speech and language include the Broca
area (both expressive speech and comprehension) in the
prefrontal cortex, the auditory cortex and Wernicke area
(comprehension), and adjacent parietal areas. Radiographic
studies have identiﬁed decreased gray matter in the temporal lobes and decreased white matter in the frontal,
temporal, and parietal lobes. (132)(133)(134) Very preterm
birth is associated with decreased regional brain volumes
particularly of the midtemporal cortex, the premotor cortex,
and the sensorimotor cortex. (132) Monson et al examined
the rates of primary and nonprimary auditory cortex maturation in very preterm infants cared for in either an openbay or SFR NICU. (135) MRI diffusion parameters of the
auditory cortex at term equivalent differed between preterm
and term controls. (135) The authors suggest that this
reﬂects either delayed maturation or injury among preterm
infants. The preterm infants with disturbed maturation of
the nonprimary auditory cortex had poorer 2-year BSID-III
receptive and expressive language scores. Room type had no
effect.
Variability in outcomes of language studies may be related, in part, to the characteristics of the speech to which the
infant is exposed. (136) Infant-directed speech (IDS) also
referred to as “parentese,” is more appealing to infants. (137)
It is characterized by slower tempo and speech rate, regular

NeoReviews
Downloaded from http://neoreviews.aappublications.org/ by guest on July 4, 2019

rhythm, higher emotional content, higher pitch and greater
pitch range, simpliﬁed structure, and acoustic exaggeration
of speech sounds, and by the facial expression of the speaker
(smiles, raises eyebrows, makes eye contact with the infant).
Studies show increased cortical activity in frontal and temporal regions in response to IDS to 12 months of age using
both near-infrared spectroscopy and electroencephalography (EEG). In addition, signiﬁcantly greater activations were
elicited in the frontal areas by IDS of the infant’s own
mother compared with the IDS of unfamiliar women.
(137)(138)(139) A study comparing EEG cortical tracking
to IDS and adult-directed speech at 7 months of age identiﬁed stronger low-frequency cortical tracking in response
to IDS. The authors suggest that maternal utterances are
important in activating infant brain function and that this
process may facilitate early speech processing and language
development. (138)
In a report of 40 preterm infants of 25 to 32 weeks’
gestation randomized to either maternal sounds (voice and
heart rate) or standard NICU sounds during feedings,
cranial ultrasonography was performed at 30 days of age.
The preterm infants randomized to maternal sound exposure had a signiﬁcantly larger bilateral temporal auditory
cortex, suggesting early brain plasticity, speciﬁcally in
response to maternal sounds. (140)
MRI scans for neuroanatomic measurements identiﬁed
regional vulnerability of brain volumes in a cohort of 8-yearold very preterm infants with birthweights of less than or
equal to 1,250 g, with the largest decreases observed in the
sensorimotor cortex, premotor cortex, and midtemporal
cortex. (132) A second study of 8-year-old preterm children
reported that those with the lowest verbal comprehension
task scores did not fully engage normal semantic processing
pathways. Aberrant processing of semantic content may
account in part for their lower Peabody Picture Vocabulary
Test scores. (141)

RECOVERY
Evidence shows recovery of language skills with increasing
age. In the indomethacin cohort of infants weighing less
than 1,250 g, preterm children had continued catch-up on
the Peabody Picture Vocabulary Test between 3 and 12 years
and gained 1.2 points per year across the study period.
Severe brain injury was the strongest predictor of poor
language outcomes. (142) Continued assessment at 16 years
identiﬁed that very preterm adolescents had deﬁcits in
higher-order language skills (phonological awareness and
phonemic decoding) compared with term controls. (143)
Hierarchical growth-curve modeling was used to delineate 4

clusters of cognitive and receptive vocabulary growth among
the preterm children. Two clusters of preterm children
caught up to term children with increasing age (55% caught
up in vocabulary). The children who caught up had lower
rates of neurosensory impairment, had more educated
mothers, and were less likely to be from an ethnic nonminority. (114)
Nguyen et al described language trajectories of very
preterm children compared with full-term controls examined at 2, 5, 7, and 13 years. (144) They identiﬁed 5 distinct
language trajectory groups using latent growth mixture
modeling, allowing for linear and quadratic time trends.
The 5 groups included stable normal (32% of cohort),
resilient development showing catch-up (36%), precocious
language skills (7%), stable low (17%), and high-risk (5%)
development. Trajectories that represented poorer language
development were present in 40% of very preterm and 6%
of term children. Greater social risk was associated with
poorer language development with increasing age. The
association of lower socioeconomic status with a less optimal language development trajectory with increasing age
has been recognized in both term and preterm children.
(145)(146)
An example of alterations in functional connectivity was
observed in 12-year-old preterm versus term controls in a
functional MRI task to examine lexical semantic processing.
The preterm and term children performed equally on a
semantic association task (identify similar versus dissimilar
words). Both preterm and term groups activated regions
known to be associated with semantic processing (inferior
frontal gyrus and the midtemporal gyrus). However, there
were differences in connectivity between regions for both
preterm and term children. (147) For the lexical semantic
processing task, the left inferior frontal gyrus correlated
with accuracy for term children, the left sensory motor areas
correlated with accuracy for preterm children, and the left
middle temporal gyri correlated with task accuracy for both
groups. The preterm and term children overall performed
equally well on the task at 12 years, suggesting that plasticity in network connections may provide the opportunity
for improving language skills observed with increasing age
in preterm infants.
A recent study of term 4- to 6-year-old children reported
that both higher socioeconomic status and increased conversations recorded between parents and their child were
associated with better language skills. (148) In addition, a
higher number of conversation turns between parent
and child were associated with increased MRI activation
of the left inferior frontal gyrus, a key area for language
processing. A mediation model showed that the effect of
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conversation turns on language was mediated by the left
inferior frontal gyrus activation. The identiﬁcation of this
mechanism of parent-child conversation turns affecting
brain activation raises the possibility that early enhanced
language enrichment in the NICU can affect the language
outcomes of preterm infants.
In the Caskey et al cohort, follow-up of the effects of the
NICU language environment identiﬁed that increased
parent talk with preterm infants in the NICU was associated with higher 7- and 18-month corrected age BSID-III
language and cognitive scores. (149)(150) Every increase
in 100 adult words per hour at 32 weeks’ gestation in the
NICU was associated with a 2-point increase in BSID
language composite score and 0.5-point increase in
expressive communication score at age 18 months.
(149) These ﬁndings support the importance of parent
talk in the NICU as a strong predictor of early infant
vocalizations and of language outcomes 18 to 24 months
after discharge. It is reassuring that more NICUs are
initiating parent reading programs in an effort to enrich
the infant’s language environment in the NICU. (151)(152)
Child-directed conversations beginning in the NICU may be
the key to improved preterm outcomes. Addressing family
social adversities while infants are in the NICU and encouraging involvement of both parents and NICU staff in providing language nutrition and socialization offers the
possibility of improving the language outcomes of preterm
infants.

• Know the evolution of neurodevelopmental impairments during
development and the difference between transient and
permanent impairments in NICU graduates (eg, developmental
delay vs. intellectual disability; tone abnormalities vs. cerebral
palsy)
• Know the effects of socioeconomic factors on the results and
generalizability of outcome studies of NICU graduates
• Know the effects of family risk factors (low socioeconomic status,
mental health problems) on cognitive outcomes
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1. The landmark Adverse Childhood Experiences Study was the ﬁrst to demonstrate the
adverse effects of chronic stress exposure on long-term health outcomes. Preterm infants
admitted to the NICU are exposed to daily stressors; in addition, they experience
separation from their mother at a critical period of their development. Which of the
following statements regarding the NICU environment and exposure to stress is CORRECT?
A. A recent systematic review reported an average of 20 to 25 daily invasive
procedures per neonate per day in the NICU.
B. Consistent and prolonged skin-to-skin care has been shown to reduce the rates of
bronchopulmonary dysplasia and nosocomial infections in preterm infants.
C. Concerns for adverse medical consequences are the main deterrent to skin-to-skin
care.
D. Poor maternal mental health has been shown to lead to decreased participation at
the bedside, but not decreased visitation.
E. Skin-to-skin care has been shown to ameliorate procedural pain in term infants but
not in preterm infants.
2. Family-centered care recognizes the importance of parents as key caregivers for their
infant and may be an important avenue to buffer acute and chronic stress in the NICU.
Which of the following statements regarding interventions to encourage and facilitate
parental participation is CORRECT?
A. Family Integrated Care (FICare) is a model of care fostering parent participation as
early as the day of admission.
B. Improvement noted in the Mother-Infant Transaction Program (MITP) trial did not
persist into early childhood.
C. The Creating Opportunities for Parent Empowerment (COPE) randomized
controlled trial demonstrated improved breastfeeding rates in the intervention
group compared with the control group.
D. The FICare model requires maternal participation for a minimum of 6 hours weekly.
E. The MITP focuses on strengthening mothers’ knowledge of breastfeeding
techniques and beneﬁts.
3. NICU design plays an important role in facilitating family-centered care. Single-family
rooms (SFRs) are increasingly being adopted to support NICU families. Which of the
following statements regarding SFR NICUs is CORRECT?
A. In a cohort study, Vohr et al (81) reported a 4.5-point increase in Bayley Scales of
Infant and Toddler Development, Third Edition (BSID-III) at 18 to 24 months for
infants cared for in an SFR NICU.
B. In a Norwegian prospective study, mothers in the SFR NICU spent more time at the
bedside, particularly those with lower education level.
C. In a recent meta-analysis by van Veenendaal et al, (72) infants in SFR NICUs had
increased rates of exclusive breastfeeding and decreased length of stay.
D. Pineda et al (82) found lower language and motor scores in a cohort of preterm
infants cared for in SFRs.
E. The beneﬁts of an SFR NICU are independent of insurance type.
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4. Social and sensory deprivation are now recognized as possible factors in adverse
neurodevelopmental outcomes in preterm infants. Which of the following statements
regarding the noise and language environment of the NICU is INCORRECT?
A. Preterm infants exposed to a recording of their mothers’ voice have decreased
apnea and bradycardia and increased weight gain velocity.
B. Preterm infants respond preferentially to their mother’s voice over other female
voices as early as 32 weeks’ gestation.
C. Studies indicate that the average sound level in the NICU is typically 45 dB, which
meets the 25 dB recommended by the American Academy of Pediatrics; however,
there are peaks that can sometimes exceed 100 dB in some instances.
D. The fetus demonstrates consistent response to vibroacoustic stimuli by 27 to 28
weeks’ gestation.
E. Very preterm infant vocalizations increase between 32 and 36 weeks’ gestation.
5. Preterm infants are at risk for language delays. Which of the following statements
regarding language development and language outcomes in preterm infants is
INCORRECT?
A. Every increase in 100 adult words per hour at 32 weeks’ gestation is associated with
a 2-point increase in BSID-III language composite score.
B. In the indomethacin cohort of infants, no catch-up on the Peabody Picture
Vocabulary test was observed between 3 and 12 years.
C. Poorer language developmental trajectories are observed in 40% of very preterm
infants versus 6% of term infants.
D. Preterm infants exposed to more parent talk have higher 7- and 18-month
corrected age BSID-III language and cognitive scores.
E. Very preterm infants demonstrate deﬁcits in phonological awareness and
phonemic decoding at age 16 years.
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