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A B S T R A C T

Background: Extremely preterm infants represent one of the highest risk categories for impairments in social
competence. Few studies have explored the impact of the neonatal intensive care unit (NICU) environment on
social development. However, none have specifically analyzed the effects of the care structure the infant receives
during hospitalization on later social competence indicators.
Objective: To identify associations between the care structures received by extremely preterm infants in the NICU
and scores on the Brief Infant-Toddler Social and Emotional Assessment (BITSEA) post-discharge.
Participants: 50 extremely preterm infants (mean gestational age: 25 weeks during hospitalization; mean
chronological age during follow-up assessment: 2 years, 4 months).
Methods: A secondary analysis of BITSEA data was performed exploring its relation to care structure data we
extracted from electronic medical records (i.e., how much time infants were engaged in human interaction
during their first thirty days of hospitalization and what types of interaction they were exposed to).
Results: Extremely preterm infants spend a considerable amount of time alone during hospitalization (80%) with
nursing care comprising the majority of human interaction. Infants who experienced greater human interaction
scored significantly higher on the Social Competence (p=0.01) and lower on the Dysregulation (p= 0.03)
BITSEA subscales.
Conclusion: Human interaction and isolation in the NICU is associated with social competence and dysregulation
outcomes in extremely preterm infants. Further research is needed to understand how various NICU care
structures including centralized nursing teams, parental skin-to-skin care, and early therapy may synergistically
play a positive role in developing social competence.

1. Background

Infant social communication is a complex, dynamic developmental
process that encompasses human interactions and experiences that
begin at the onset of an infant's ability to detect and respond to in-
coming stimuli. Unlike term infants, who encounter household en-
vironmental stimuli, extremely preterm infants (infants born with ge-
stational ages< 27weeks) are born and hospitalized in a neonatal
intensive care unit (NICU) environment. While essential for survival,
the NICU is a technologically-driven, socially maladaptive environment

that places infants at a distinct social development disadvantage.
During the course of their admission, infants are attached to ex-

tensive tubing and monitoring wires, and are placed in isolettes that
further detach them from human interactions. These conditions make
even routine care highly demanding for an immature brain, often re-
sulting in dysregulation (e.g., abrupt changes in saturation, heart rate,
skin color, motor activity, etc.). In extreme cases “shut-down” beha-
viors occur, presenting as flaccid body extremities and an indeterminate
level of consciousness. Such behaviors are known to deplete the energy
reserve required to maintain a regulated, alert state for social input, and
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come at a cost to the fundamental underpinnings of social commu-
nication development [1–3].

This defines NICU trauma [4] and it is well established that early
trauma has long-lasting effects on infant physiology and psychology
[5]. Understandably then, addressing the adverse developmental con-
ditions of the NICU has become a significant research goal. Several
studies have identified the effects of extreme prematurity on later social
and emotional problems. Extremely preterm infants exhibit behavioral
problems, attention deficit/hyperactivity disorder, and autism spec-
trum disorders at a rate two to three times higher than the full-term po-
pulation [6,7]. These risks are often attributed to disturbances in brain
connectivity associated with cognitive impairment [8] that have pat-
terns that suggest origins that are environmental, rather than genetic
[6]. What is poorly understood in this population is how and when
these disturbances occur and what specific disturbances correlate with
longer term social and emotional outcomes. Further, although the
major research focus has been on medical sequela, there is a smaller
body of growing evidence that the absence of key perinatal develop-
mental inputs might also play a crucial role [1,7,9].

Numerous studies have been published demonstrating the benefits
of NICU interventions, such as skin-to-skin care, music therapy, mas-
sage therapy, and parent mentoring [10–16]. During these interven-
tions, infants become more physiologically regulated and parents be-
come more engaged and experience less stress. However, in these
intervention studies, infant social-emotional outcomes are often over-
looked with preference toward sensory, motor, and cognitive develop-
ment. Yet, it is important to consider that, beyond the treatment itself,
these interventions remove the trauma of isolation by providing a
source of human interaction.

Such interactions represent the foundation of this work, which aims
to open the discussion around the potential influence of interactional
and environmental factors experienced in the NICU and their relation to
infant social and developmental outcomes. We hypothesized that ex-
tremely preterm infants spend an inordinate amount of time alone and
those who were exposed to significantly more human interaction in the
NICU would score higher on social competence measures and lower on
dysregulation and ASD measures later in childhood compared to ex-
tremely preterm infants with less NICU human interaction.

In this manuscript, we present a comprehensive set of analyses that
explore the variability in the human interaction opportunities of ex-
tremely preterm infants in the NICU, and their relation to behavioral
measures on the Brief Infant-Toddler Social and Emotional Assessment
(BITSEA) at age two. We begin with a univariate exploration of statis-
tical and correlational relation of 13 dimensions of care and interaction
to various developmental outcomes. However, there is an increasing
body of evidence that no single treatment or experience in the NICU can
be linked in whole to developmental outcomes [17,18]. As such, the
second component of our work approaches the experiences of an infant
in the NICU from a mesosystemic perspective, exploring higher-order
interactions between clinical aspects of the care environment, and
human factors such as the interaction experiences with respect to de-
velopmental outcomes. Finally, we conclude with a discussion of the
clinical implications of our findings and present a broad set of future
research directions.

2. Data and instruments

2.1. Study population

This secondary analysis study was conducted through Nationwide
Children's Hospital (NCH) in Columbus, Ohio and was approved as an
expedited, waiver of consent study by the Institutional Review Board.
The study included all toddlers who had been born extremely preterm,
were admitted to the NCH Small Baby Intensive Care Unit (SBICU)
between 01/01/2010–11/30/2011, and who participated in a larger
study that investigated the screening accuracy of the BITSEA [19] in

toddlers that were born at 30 weeks' gestation or less.
In the larger study, participants were recruited from a roster of all

infants who met the gestational age criteria, who received care at any of
the twelve NCH-owned NICU's, and who attended a Neonatology Clinic
follow-up visit. Questionnaires were mailed to roster families and re-
turned to the researchers by stamped envelopes (return rate 53%). Of
the sample of 555 children, 50 children had met the criteria for the
secondary analysis and their data were analyzed.

Nationwide Children's is a large academic pediatric hospital in the
United States with a specific SBICU. The SBICU is a specialized Level-IV
all-referral unit staffed by a centralized team of nurses who provide
protocol-driven care [20,21] to neonates born at a gestational age
(GA)<27 completed weeks. All patients cared for in this unit are
transported from outlying hospitals and directly admitted to the SBICU
for care resulting from complications of prematurity including necro-
tizing enterocolitis (NEC), sepsis, surgical issues, and brain injury.

2.2. Hospitalization data

Timestamped hospitalization data was obtained directly from each
infant's electronic medical record (EMR). Beyond standard demo-
graphics, data were extracted around three primary elements of infant
care and interaction, a) ventilatory support, b) human interactional
elements (nursing, parental skin-to-skin care, and occupational/phy-
sical therapy), and c) technological elements (amount of time alone in
an isolette) during the first thirty days of hospitalization. Although this
information can provide a comprehensive overview of the interaction
experiences over infant's stay, addressing the research questions posed
in this manuscript required the data to be examined at a much more
granular level. To achieve this, a series of daily representations were
constructed for each infant, containing 13 distinct attributes for each of
their first 30 days post-admission. A complete listing of these attributes
can be found in Table 2.

When viewed together, these attributes create a snapshot of an in-
fant's experiences each day. Some are used to capture environmental
stimuli in the use of an isolette, high frequency oscillatory ventilation
(HFOV), conventional ventilation, or continuous positive airway pres-
sure (CPAP) anytime over the prior 24 h, whereas others are used to
quantify the broad range of interactions experienced by an infant each
day. These interactions can include specific events, such as parental
skin-to-skin care or occupational/physical therapy sessions, and the
latency between their prior occurrences. As well as broader aspects of
nursing care, including the count of new nurses encountered, a count of
nurses with whom the infant had interacted before, the total interac-
tions with all nurses, and the mean day count since the prior assignment
of each repeat nurses to that particular infant. Finally, interaction
events were aggregated into a derived estimate for total minutes of
daily interaction, with nursing interactions estimated at 25min each,
skin-to-skin episodes at 60 min, and therapy session duration taken as
logged from the EMR.

2.3. Social behavior data

Social behavior data were collected at approximately two years of
age through the Brief Infant-Toddler Social and Emotional Assessment
(BITSEA) [19,22]. The BITSEA is a standardized 42-item parent self-
report questionnaire. It is used to evaluate social-emotional develop-
ment, and as a first or second stage-screening tool for possible delays in
social-emotional competence.

In particular, the BITSEA instrument contains three subscales with
items specifically relevant to our hypothesis: Dysregulation, Social
Competence, and Autism Spectrum Disorder. The Dysregulation sub-
scale contains eight items ranging from sleeping and eating problems,
to emotional reactions, sensory sensitivity, and regulatory capacity. The
Social Competence subscale contains 11 items that assess capability in
social-relatedness such as looking at a parent when their name is called,

J. Gonya et al. Early Human Development 127 (2018) 6–14

7



trying to help when someone is hurt, pointing in an effort to show
something far away, and following simple rules. The Autism Spectrum
Disorder subscale contains 17 items that highlight typical behaviors
that are commonly associated with ASD. These include not reacting
when they are hurt, not hugging or feeding dolls or stuffed animals,
spacing out, and avoiding physical contact.

For each subscale, designated cut-scores indicate areas of possible
deficit/delay or possible problem. The intent of this study, however,
was to explore relationships between early human interaction patterns
and later social competence behaviors, regardless of their diagnostic
value. Extremely premature infants often display elevated, but sub-
clinical symptoms of social competence issues that affect functional
behavior [23], leading to the emerging notion that there is an actual
preterm behavioral phenotype. Consequently, upper and lower quar-
tiles of scores were used to elicit behavioral profiles.

3. Analytical methods

Upon examination of the daily treatment of infants hospitalized in
the NICU we found, despite limited mobility, that their network of
social and environmental interactions could be quite complex. As a
result, quantifying the relationship of these interactions to neurodeve-
lopmental outcomes required a multi-faceted approach to investigating
infant care. Broadly, the analyses presented throughout this manuscript
were broken down into three components. First, we identified the
pattern of item responses exhibited by our cohort and calculated sub-
scale scores. Next, we performed univariate distributional and corre-
lation analyses to identify important emergent associations among daily
human interactions experienced by High and Low scoring infants.
Finally, we micro-analyzed subcomponents of select attributes to elicit
a finer understanding of higher-order interactions that took place be-
tween multiple elements of care.

3.1. Identification of item response patterns

The first analytical component focused on the distribution of re-
sponses for each individual item within the three BITSEA subscales of
interest: Dysregulation, Social Competence, and ASD. Response pat-
terns were identified and subscale scores were calculated. Based on the
distribution of each subscale score, infants were divided into High and
Low categories, resulting in 6 total groups. For each, the High category
represented those infants scoring greater-than or equal-to the 75th

percentile, while the Low category represented those scoring less-than
or equal-to the 25th percentile.

After partitioning, 17 infants (34%) were classified as “High
Dysregulation” and 13 infants (26%) as “Low Dysregulation”; 17 infants
(34%) were classified as “Low Social Competence” and 20 infants
(40%) as “High Social Competence”; and 16 infants (32%) were clas-
sified as “High ASD” and 17 infants (34%) as “Low ASD”. Of the infants
in these categories, 7 infants (14%) were consistent across all three
categories.

3.2. Univariate analysis – quantifying dimensions of care in relation to
subscale outcomes

The next component focused on the day to day variability (inter-
variability) of daily care and interaction measures for each infant, with
respect to their performance on the three chosen BITSEA subscales.
Utilizing the daily representations detailed prior, we performed a dis-
tributional analysis comparing the mean value of infants' 30 daily
feature vectors across each of the 13 attributes of care for those in the
High and Low performance groups of each subscale.

For continuous variables, such as interaction minutes, the mean was
calculated directly across the 30 daily feature vectors. While categorical
indicators, such as placement in an isolette, required a transformation
into a binary representation (0/1) of use on the respective day. As the
number of days was standard for all infants, this transformation allowed
the mean value to be computed where values closer to 1 represented
more frequent use.

3.3. Univariate analysis – correlation of dimensions of care to subscale
outcomes

Next, in an effort to further explore the direction and magnitude of
the relation between each interaction attribute and subscale perfor-
mance we look to a correlational analysis. To do so, the Low and High
category infants were combined into a single group for each of the three
subscales. For each subscale, a correlation coefficient was computed
against the infants' mean interaction measure, computed as before, and
their associated outcome scores.

3.4. Univariate analysis – primary nursing

Our last univariate analysis focused on deviations in developmental

Table 1
Demographic characteristics of extremely preterm infants in the study who were in high scoring or low scoring groups for each of the three subscales (Dysregulation,
Social Competence, and ASD) on the Brief Infant-Toddler Social and Emotional Assessment (BITSEA).

Dysregulation Score Social Competence Score ASD Score

High Group
n=17

Low Group
n=13

High Group
n=20

Low Group
n=17

High Group
n=16

Low Group
n=17

Birthweight (grams) 728.6 ± 153.4 822.1 ± 233.9 787.3 ± 188.9 744.7 ± 171.6 792.3 ± 161.8 762.7 ± 177.5
Gestational age (weeks) 24.8 ± 1.0 25.4 ± 1.3 25.1 ± 1.2 24.6 ± 1.0 25.1 ± 0.8 25.3 ± 1.1
Gender
Male 64.7% 61.5% 65% 64.7% 75% 64.7%
Female 35.3% 38.5% 35% 35.3% 25% 35.3%

Race
White 47.1% 61.5% 60% 47.1% 56.2% 76.5%
Black 25.5% 38.5% 35% 29.4% 18.8% 23.5%
Hispanic 17.7% 0% 0% 11.8% 12.5% 0%
Other 9.7% 0% 5% 11.7% 12.5% 0%

Length of stay (days) 143.4 ± 41.7 96.5 ± 30.9 106.5 ± 31.0 129.2 ± 49.8 127.6 ± 47.2 104.6 ± 31.4
Parental marital status
Married 35.3% 30.8% 35% 29.4% 18.8% 47.1%
Unmarried 64.7% 69.2% 65% 70.6% 81.3% 52.9%

Maternal education
High school or below 41.18% 30.77% 40% 41.2% 43.8% 35.3%
College and above 58.8% 69.2% 60% 58.8% 56.3% 64.7%
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scores with respect to the patterns of care associated with the concept of
primary nursing. For each infant, patient-based 1-mode nursing hand-
offs were used to count the number of shifts each nurse completed for
an infant over their first 30 days of hospitalization. 1-mode handoffs
represent each time one nurse completed a shift and handed off her
patient to a nurse on the next shift [24]. For each infant, the percentage
of total shifts was computed for each nurse, and compared between the
High and Low categories of each subscale measure.

3.5. Higher-order interactions – environmental analysis

The final component of our investigation focused on capturing
higher-order interactions along specific aspects of nursing care and
technology utilization and their relation to Dysregulation, Social com-
petence, and ASD outcome scores.

We first looked to the variability in an infant's environment. For the

population of extremely premature infants being evaluated, an infant
could be located within an isolette, or open-crib, and could utilize
ventilatory technologies, including conventional ventilation, HFOV, or
CPAP. In total these conditions represented six distinct combinations
(henceforth referred to as states) of environment and ventilatory as-
sistance. The state of the infant was assessed for each day, compared
between High and Low scoring infants for each subscale.

3.6. Higher order interactions – extending interactions through the
StickWRLD framework

As an extension, we performed an exploratory analysis using
StickWRLD [3], a visual analytical program designed to help re-
searchers identify significant correlations among groups of variables
that are often statistically non-significant as individual entities. The
goal of the exploration was to understand if there were combinations of
human interactions that were associated with social competence out-
comes and how they were associated.

3.7. Statistical analysis

With roughly 15-20 infants in the High and Low groups for each
subscale, assessing the normality of the underlying distribution has
been shown to be unreliable [26,27]. As this precluded the use of a
standard parametric statistics, statistical significance when comparing
means in the distributional and primary nursing analyses was de-
termined using the Kruskal–Wallis test [28,29], a non-parametric one-
way analysis of variance. Similarity, a non-parametric correlation
measure was utilized in the Spearman's rank correlation coefficient
[30,31].

In order to quantitatively compare the higher-order state differences
in environmental state between infants in the High and Low subscale
categories, first a normalized vector was constructed for each infant to
represent the percent of time spent in each of the six states over their
first thirty days. Next, utilizing cosine similarity, the pair-wise simi-
larity was computed between environment vectors of each infant. The
similarity results were then broken into two groups, representing
“within-” (similarity between Low-Low category, and High-High cate-
gory infants), and “between-” (similarity between Low-High category
infants). A Kruskal–Wallis test was then performed on the within and
between groups, capturing if the environmental state was more similar
to infants in the same score category, or if no difference was observed
based on the subscale score.

For the extension analysis, human interaction elements were binned
and loaded into the StickWRLD visual framework per published pro-
tocol [25] and analyzed for two-node associative patterns at initial high
residual values. Residual values were systematically decreased until the
model reached a threshold corresponding to visual associative over-
load.

4. Results

The overarching goals of this study were to a) identify possible as-
sociations between human interaction with extremely premature in-
fants in the NICU and later social competence outcomes and b) place
emphasis on the social-emotional aspects of care that are often over-
looked in intervention research. As such, we report significant differ-
ences between the High and Low performing infants in each subscale
score at three confidence levels, 99%, 95%, and 90%. Although many
works highlight only those items that fall below the common 0.05
threshold, we feel this is insufficient to aid in furthering research into
the care patterns assessed by this study. With population groupings
ranging from 15 to 20 infants we feel the reporting significance at three
different confidence levels helps to provide a set of promising next steps
for larger studies based on the results of this pilot. This is in line with
the recent work by Greenland et al. [32], which supports the notion
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Fig. 1. Graphs showing participants' responses to problem items on the
Dysregulation, Social Competence, and ASD subscales of the BITSEA instru-
ment.
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that lower p-values are themselves not more or less correct, only dif-
ferent in their confidence that the distributions truly differ. Conse-
quently, while we highlight and discuss items found significant at these
threshold values as highly promising next steps, all analysis results
provide the computed p-values for each care attribute, allowing readers
to interpret for themselves when designing future studies.

4.1. Item response patterns for each subscale

A total of 50 extremely preterm infants were included in the study.

Gestational ages ranged from 22 5/7 to 26 6/7 weeks with an overall
median age of 25 weeks. Group demographics were representative of
the total NICU population and did not differ significantly in birth-
weight, gestational age, gender, or race. Summary statistics of demo-
graphic information are presented in Table 1.

Fig. 1 displays participant responses to each item on each of the
three subscales of interest: Dysregulation, Social Competence, and ASD.
Responses to the items on the Dysregulation subscale indicated that
over half of the extremely preterm toddlers wouldn't touch some objects
because of how they felt (67%), had trouble adjusting to changes
(55%), and would often refuse to eat (73%). Toddlers were not prone to
a) waking up at night and needing help to fall asleep, b) getting very
upset, or c) gagging/choking on food. For the Social Competence sub-
scale, responses indicated that the majority of toddlers in our cohort
were affectionate with loved ones (98%) and were able to look at their
parent when they were upset (98%) or their name was called (100%).
However, some parents reported their toddlers as “sometimes” or
“rarely” playing well with other children (33%), helping when
someone was hurt (63%), or hugging/feeding dolls or stuffed animals
(53%). Responses were also mixed for their toddlers' abilities to pay
attention for a long time.

For the ASD subscale, high percentages of parents responded “Very
True/Often” to the subscale items addressing joint attention, positive
emotional display, and affection. Parents responded “Not True/Rarely”
to items eliciting repetitive behaviors such as “putting things in a

Table 2
Univariate analysis of daily snapshot mean values and standard deviations [mean (SD)] of care dimensions of human interaction with extremely preterm infants in
the NICU and later outcomes on the Dysregulation, Social Competence, and ASD scores on the Brief Infant-Toddler Social and Emotional Assessment (BITSEA).

Dysregulation Score p-Value Social Competence Score p-Value ASD Score p-Value

High Group Low Group High Group Low Group High Group Low Group

New nurses 1.18 (0.19) 1.25 (0.17) 0.49 1.22 (0.11) 0.20 (0.05) 0.82 1.21 (0.15) 1.24 (0.16) 0.77
Repeat nurses 1.56 (0.14) 1.63 (0.18) 0.19 1.63 (0.15) 1.56 (0.13) 0.12 1.56 (0.18) 1.61 (0.17) 0.21
Total nursing interactions 6.64 (0.91) 7.01 (0.74) 0.23 6.8 (0.70) 6.65 (0.85) 0.64 7.03 (0.61) 6.8 (0.70) 0.39
Average days since the last care by repeat nurses 2.38 (0.36) 2.21 (0.59) 0.52 2.25 (0.59) 2.23 (0.46) 0.88 2.19 (0.46) 2.29 (0.58) 0.52
Skin-to-skin care % 0.23 (0.18) 0.41 (0.19) 0.02⁎⁎ 0.39 (0.20) 0.18 (0.17) 0.003⁎⁎ 0.19 (0.17) 0.40 (0.18) 0.002⁎⁎

Number of days since the last skin-to-skin care
session

4.44 (2.46) 2.67 (1.59) 0.02⁎⁎ 2.71 (1.38) 4.66 (2.5) 0.004⁎⁎ 5.16 (3.63) 2.66 (1.41) 0.009⁎⁎

Occupational/physical therapy session 0.02 (0.05) 0.03 (0.04) 0.60 0.04 (0.05) 0.02 (0.05) 0.25 0.02 (0.05) 0.029 (0.05) 0.56
Number of days since the last occupational/

physical therapy session
15.87 (9.33) 14.80 (7.97) 0.92 10.45 (3.87) 13.09 (9.67) 0.82 12.44 (7.99) 13.95 (7.87) 0.67

In isolette % 0.99 (0.03) 0.95 (0.16) 0.75 0.96 (0.13) 0.86 (0.33) 0.41 0.87 (0.34) 0.96 (0.14) 0.79
Conventional ventilation % 0.69 (0.33) 0.43 (0.42) 0.09⁎ 0.43 (0.39) 0.59 (0.35) 0.18 0.57 (0.36) 0.42 (0.41) 0.22
HFOV % 0.04 (0.10) 0.02 (0.06) 0.42 0.01 (0.04) 0.03 (0.09) 0.46 0.04 (0.10) 0.01 (0.05) 0.47
CPAP % 0.22 (0.30) 0.47 (0.38) 0.06⁎ 0.49 (0.37) 0.23 (0.29) 0.02⁎⁎ 0.29 (0.34) 0.45 (0.39) 0.28
Total interaction minutes 180.255

(22.23)
200.38
(19.99)

0.03⁎⁎ 195.46
(20.14)

177.63
(22.46)

0.01⁎⁎ 187.59
(20.36)

195.67
(17.91)

0.249

⁎ Denotes significant p-values < 0.10.
⁎⁎ Denotes significant p-values < 0.05.

Table 3
Correlation table.

Dysregulation Score Social Competence Score ASD Score

New nurses −0.205 (0.278) 0.094 (0.579) −0.038 (0.832)
Repeat nurses −0.154 (0.417) 0.166 (0.327) −0.264 (0.137)
Total nursing interactions −0.368 (0.046⁎⁎) 0.027 (0.875) 0.164 (0.361)
Average days since last care 0.080 (0.675) −0.059 (0.730) −0.099 (0.582)
SSC days −0.257 (0.170) 0.371 (0.024⁎⁎) −0.373 (0.032⁎⁎)
OTPT days −0.088 (0.642) 0.056 (0.742) −0.063 (0.726)
Isolette days 0.088 (0.645) 0.120 (0.479) −0.051 (0.779)
Conventional ventilation days 0.431 (0.018⁎⁎) −0.319 (0.054⁎) 0.323 (0.067⁎)
CPAP ventilation days −0.430 (0.018⁎⁎) 0.415 (0.011⁎⁎) −0.211 (0.239)
HFOV days 0.149 (0.433) −0.096 (0.573) 0.111 (0.540)
Interaction minutes −0.432 (0.017⁎⁎) 0.263 (0.116) −0.048 (0.792)

Correlations (p-values) between care dimensions and subscale scores on the BITSEA.
⁎ p≤ 0.10.
⁎⁎ p≤ 0.05.

Table 4
t-test between “High” and “Low” groups of primary care nursing (analyzed
through patient-based 1-mode handoffs) and the Dysregulation, Social
Competence, and ASD scores on the Brief Infant-Toddler Social and Emotional
Assessment (BITSEA).

Mean (SD) t Statistic p-Value

Dysregulation High Group 0.008 (0.002) 7.98 0.005⁎⁎

Low Group 0.01 (0.003)
Social competence High Group 0.009 (0.003) 1.682 0.195

Low Group 0.01 (0.003)
ASD High Group 0.009 (0.003) 1.074 0.3

Low Group 0.009 (0.003)

⁎⁎ Denotes significance at the p < 0.01 level.
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special order over and over” (80%); repeating the same action or phrase
over and over (74%), and repeating body movements over and over
(90%). Parents did report an absence or low observation of behaviors on
three subscale problem items designated by the BITSEA instrument as
possibly being associated with ASD. (Item 21 – tries to help when
someone is hurt; Item 25 – imitates playful sounds when asked; and
Item 31 – hugs or feeds dolls or stuffed animals).

4.2. Univariate analyses – quantifying dimensions of care in relation to
subscale outcomes

The results of the univariate statistical analysis for each of the 13
dimensions of care, broken down by outcome measure, are shown in
Table 2. With regard to the Dysregulation outcome, we found an

association to the daily amount of SSC and latency between SSC ses-
sions. In particular, that higher amounts of SSC at shorter latency
periods were significantly associated with lower Dysregulation scores.
Moving next to the Social Competence outcome, shorter latency be-
tween SSC sessions, and an increased total daily amount of interaction
minutes were both significantly associated with higher competency
scores. Finally, an increased latency between SSC sessions was sig-
nificantly associated with higher ASD scores.

4.3. Univariate analysis – correlation of dimensions of care to subscale
outcomes

In a similar fashion, correlation analyses were broken down by
subscale (Table 3). For the Dysregulation score, significant inverse

Fig. 2. Row A presents heatmaps depicting the average percent of time spent in each environmental state for the High and Low infants of each subscale. Darker colors
equate to higher values. Row B presents the granular view. Each line represents a single infant, highlighting the percent of time per state across the respective
subscales.

.C.B.A

BITSEA Variables

Nursing Variables 

Therapy Variables 

SS
C 

Va
ria

bl
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Fig. 3. StickWRLD Analysis – Each ball represents a data bin. Each line represents a significant correlation between data bins with stronger correlations represented
by lines that are thicker in diameter. Colors are non-significant and are only used to aid in visual analysis. Arrows are used to highlight the significant associations
described below. Additional associations that can be viewed are within-category associations (e.g., Total Amount of PT/OT and Amount of PT/OT in the First Thirty
Days) and are consequently not emphasized.
SIGNIFICANT ASSOCIATIONS - Box A: First Part of the Triangle - Significant association between Percentage of Primary Caregiving and Social Competence
scores (p < 0.05) Box B: Two Findings: SSC Association and Second Part of the Triangle – Significant association between Frequent SSC and Social Competence
Score (p < 0.05) and significant association between Early Initiation of PT/OT (< 30 days of admission to NCH) and Social Competence scores (p < 0.05) Box C:
Third Part of the Triangle: Significant association between Percentage of Primary Caregiving and Early Initiation of PT/OT (p < 0.01). This creates a statistically
significant triangular relationship among Percentage of Repeat Caregivers, Early Initiation of PT/OT, and Social Competence scores.
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correlations were found between the daily total number of nursing in-
teractions, combined human interaction minutes, and CPAP ventilation
exposure, meaning that lower average amounts of interaction were
associated with higher, dysregulation outcome scores and conversely
higher averages with lower dysregulation scores. While, for the Social
Competence outcome, significant positive correlations were found be-
tween the daily amount of SSC and CPAP ventilation exposure; in-
dicating infants with higher percentage of days with SSC or CPAP usage
tended to have higher competency scores, and vice-versa. Finally, with
respect to the ASD outcome, we find significant positive correlations
between the total daily amount of SSC and conventional ventilation
exposure.

4.4. Univariate analysis – primary nursing

Rounding out the univariate analyses, we turned to the micro-ana-
lysis of the average percentage of shifts for each nurse for each patient
(primary care percentage) (Table 4). We note a statistically significant
association with the Dysregulation score but not with the Social Com-
petence or ASD Scores.

4.5. Higher-order interactions – environmental analysis

Expanding our view of NICU experiences, our initial higher-order
analysis focused on the technological aspects of the infant's environ-
ment. An aggregated view of the daily state across all infants in each
group broken down by outcome score can be found in Table 3. We find
a significant positive association between high Dysregulation and ASD
outcome scores and days in an isolette with conventional ventilation
(p < 0.0001; p= 0.02). Further, lower Social Competence scores were
significantly associated with days in an isolette with CPAP ventilation
(p < 0.001). A visual representation of these findings can be seen in
Fig. 2. Fig. 2, Section A presents a series of heatmaps of the average
percent of time spent in each environmental state for infants in the High
and Low performance groups of each subscore. Fig. 2, Section B pro-
vides a more granular view, plotting the percent of time per state for
each individual infant in each of the respective categories.

4.6. Higher-order interactions – extending interactions through the
StickWRLD framework

Utilizing the StickWRLD framework, the final exploratory analysis
looked to the network of human interaction (nursing care, parental SSC,
and occupational/physical therapy sessions) over the infants first
30 days of hospitalization in relation to their Social Competence Score.
As would be expected, the positive relationship between SSC and social
competence noted in the univariate analyses was recognized. However,
the ability of the StickWRLD framework to model complex relations
allowed for the identification of a novel triangular association between
the primary care percentage, the presence of occupational/physical
therapy within the first 30 days of hospitalization, and the Social
Competence score on the BITSEA. A visualization of the StickWRLD
interaction structure can be found in Fig. 3.

5. Discussion

Our study found that extremely preterm infants spend an inordinate
amount of time alone (80%) during their hospitalization in the neonatal
intensive care unit. Essentially, 19 h a day, the infant's primary devel-
opmental environment is provided by non-human technology (i.e., in-
cubator, monitor wires, ventilation devices) with the remaining hours
consumed mostly with clinical interactions. There are physiological and
psychopathological consequences to human isolation. Bowlby [33] and
Bakwin [34] recognized over 70 years ago that early psychosocial de-
privation had a negative impact on infant growth and development.
Infants who experienced care in a hospital environment (i.e., sterile,

lack of nurturing) had higher mortality rates, low weight gain, and
disordered attachment behaviors. Thirty years later, the Early Bu-
charest Intervention Project, also noticed this trend in orphanages [35].
Researchers observed that children from Romania, who experienced
institutional care as infants (e.g., task-oriented, non-responsive, non-
nurturing) were more apt to display attachment disorders, anxiety, at-
tention-deficit disorders, and behaviors similar to autism.

Emerging research has also implicated human isolation in altering
the underlying physiology of regulatory mechanisms. Kumsta et al. [36]
followed adoptees from Romanian orphanages and discovered that
their hypothalamic-pituitary-adrenal (HPA) axes were disrupted even
twenty years after their early adverse life event. The HPA axis, a hor-
monal response system to stress, is affected by early life stress as well as
current stress experiences [37]. Extremely preterm infants in the NICU
are at additional risk because they experience both conditions si-
multaneously. Studies have also revealed that the HPA axis may be
especially vulnerable in infancy [38] and that early life stress events
may alter the HPA axis to affect metabolic processes that impact energy
management in the body [39].

Given these outcomes, it should come as little surprise that we
found that toddlers who were born extremely premature exhibited
lower dysregulation behaviors and higher social competence behaviors
if they had more SSC, shorter latency periods between SSC sessions,
higher incidences of primary nurse caregiving, and less time on con-
ventional ventilation. It is probable that SSC and primary nurse car-
egiving mediate NICU isolation and foster more responsive caregiving
that can help co-regulate the infant during an inherently stressful early
life event. Co-regulation is fundamental and is possible with these in-
fants. Skin-to-skin care has been shown to promote infant regulation
[40,41] in addition to developmental care practices by medical staff
[42]. Through the developmental care process, priority is placed on
purposefully observing and interacting with infants and providing care
based on what they are communicating. Infants who receive skin-to-
skin care or developmental care have improved brain development and
functional competence.

Our exploratory analysis hinted at the role of a combined human
intervention system of primary nurses, parental engagement in SSC,
and early therapy that may provide the co-regulatory piece that is often
missing in traditional NICU care, but supported in the literature [42].
Further, our outcomes on the Dysregulation, Social Competence, and
ASD subscales begin to paint a picture of the critical role that each
human component plays in social development in the NICU. We also
identified emerging relationships among the structure of nursing care,
early therapeutic interventions, and social competence and we raise
additional questions about the differential effects of ventilation on
dysregulation and social competence.

It is highly encouraging that even though the amount of human
interaction was limited, it did have impact and how it was structured
made a difference. Our findings a) support the evidence that suggests
that there may be early, targetable human interactional factors af-
fecting later physiology and behavior and b) demonstrate that con-
sistency of the human components within the NICU framework may be
more crucial for development, rather than their mere existence or
amount.

As we reflect on the results of our analyses, it is important to note
the inherent limitations of this study, in particular the utilization of a
retrospective cohort study and the fact that we were unable to assess
the quality of interactions. Additionally, the retrospective nature pre-
cludes us from capturing data that has been known to affect neonatal
neurodevelopment. However, our goal was to primarily capture the
human interactional dimensions of the NICU and we feel that we have
accomplished this comprehensively. Further, as is the case with all
assessments and assessment protocols, the one-time administration of
the BITSEA limits our ability to accurately assess behavior in that it
cannot account for the presence of maturational effects that may occur
over time. Finally, the population under study only included extremely
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preterm infants who met the inclusion criteria of being born at a certain
time in the NICU and also participated in a specific follow-up study that
utilized the BITSEA assessment. We did not assess the association of the
BITSEA outcomes with comorbidities, although in the primary study,
the BITSEA outperformed the Pervasive Developmental Disorders
Screening Test—II, Stage 2, Developmental Clinic Screener as it related
to specificity, in the preterm sample [19].

6. Conclusion

In conclusion, parents, nurses, therapists, and the NICU physical
surroundings each have defined, but interconnected roles in supporting
regulation and social competence development in the extremely pre-
term infant population. An understanding of these roles can help us to
broaden our view of neurodevelopment, and develop more systemic
interventions that target the complete environmental system to elim-
inate human isolation in the NICU and improve infant regulatory and
social competence capacities.

7. Future directions

This exploratory study raises many additional questions about the
NICU human environment and how extremely preterm infants are im-
pacted during their hospitalization. Further research is warranted in
understanding how the infant's HPA axis is affected by NICU isolation
and caregiving methods as well as investigating ways to increase high
quality human interaction. Future prospective investigations should a)
critically compare dysregulation, social competence, and ASD beha-
viors of extremely preterm infants and their term counterparts through
school age, b) explore the differentiated effects of primary care nursing,
early therapeutic intervention, and skin-to-skin care on later dysregu-
lation and social competence behaviors, and c) identify ways to in-
crease skin-to-skin care in the NICU.
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