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Abstract

Objective—To examine trajectories of internalizing and externalizing behavior problems of
preterm children between 16 months and 6 years of age and predictors of trajectories, including
gestational age, child dysregulation, maternal depression, socioeconomic status, and parenting.

Study design—This longitudinal study followed 148 children and their mothers from Neonatal
Intensive Care Unit (NICU) discharge until age 6. Gestational ages ranged from 23-36 weeks. The
study included assessment of maternal-reported behavior problems, maternal depression, neonatal
and socioeconomic characteristics, and observations of dysregulated behavior and parenting.
Trajectories were identified with a semi-parametric group-based analytic method, and multinomial
logistic regression was used to identify significant risk factors.

Results—Three distinct trajectories for preterm children were found for both internalizing and
externalizing behavior problems. For the two groups with greater behavior problems (Groups 1
and 2), trajectories reached their peak between 24-36 months of age, then leveled off or decreased.
Group 3 showed a stable low level of externalizing behaviors, and a low, but slightly increasing
level of internalizing behaviors. Maternal depression, child dysregulation, gestational age, and
socioeconomic challenges were identified as risk factors that predicted less optimal behavior
problem trajectories.

Conclusions—Children born prematurely followed one of three distinct developmental
trajectories for both internalizing and externalizing behavior problems. The most severe behavior
problems started early in development and were associated with increased child dysregulation,
maternal depression, and lower socioeconomic status. These findings have implications for
screening and monitoring preterm children.
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Methods

Prematurity (birth at <37 weeks of gestation) and admission to a Neonatal Intensive Care
Unit (NICU) are associated with medical complications?, increased rates of intellectual
disability, attention difficulties, and language and motor problems2~2, but links to child
behavior problems have been less consistent. Externalizing behavior problems are marked
by aggression and disruptive behavior, while internalizing behaviors include withdrawal,
depression, and anxiety®8. Three reviews indicate that preterm children have increased rates
of externalizing and internalizing behaviors compared with children born at full term23.9 but
reviews comparing very preterm children (VPT; <32 weeks) and full term children have not
always found these differences!®. These findings may reflect a “paradox of prematurity”’11
wherein late preterm children (LPT; 34-36 weeks) may be at higher risk for some problems
than VPT children11:12, Studies at single time points may limit our understanding, while
examining trajectories may allow for earlier identification of at-risk children3-18,

Multiple factors have emerged as potential predictors of behavior problems. Dysregulated
emotions (i.e. impulsivity, emotional lability) may be important precursors for children who
are developmentally compromised?®:20, Preterm infants are also at risk for experiencing
more dyadic interactional difficulties, including more intrusive parenting, than full term
children?L, In prior studies of preterm children, negative, insensitive mothering has predicted
greater externalizing behaviors at 2 and 6 years!2.22, Mothers of preterm infants are at risk
for depression?3, and these elevated depressive symptoms predict less optimal parenting?4
and more child behavior problems?. The current study examined trajectories of internalizing
and externalizing behavior problems between 16 months and 6 years of age in preterm
children admitted to an NICU and how those trajectories were affected by early child and
family factors. By identifying factors predictive of suboptimal behavioral trajectories,
pediatricians may be able to better monitor and screen preterm children for preventive
intervention, as well as provide anticipatory guidance to families.

181 preterm infants and their mothers were recruited from three NICUs. Infants were born at
<37 weeks of gestation, had no congenital malformations, prenatal drug exposures, or
significant neurological findings, and had mothers =17 years of age who read English. For
multiple births, 1 child was randomly selected to participate. Of the 181 participants, 3 were
excluded due to later identification of a grade IV intraventricular hemorrhage, 4 were
excluded as the children were born at full term, and 25 were excluded as they did not have
Child Behavior Checklists (CBCLs) completed at two time points, the minimum number
suggested for the group-based analyses, 2" for a total sample of 148 dyads.

Families were enrolled following IRB approval. Prior to NICU discharge, mothers
completed questionnaires and medical records were reviewed by nurses. Gestational age was
collected from the medical records. At 16, 24, and 36 months of age (corrected for
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prematurity), mothers completed questionnaires, the child was assessed, and dyads were
videotaped playing in the lab. Visits were scheduled within 2 weeks of corrected age. At 6
years of age, mothers completed a 20-25 minute phone interview and questionnaires.

Child behavior problems—Mothers completed the Preschool CBCL (1.5 to 5 years)® at
16, 24, and 36 months and the School-Age CBCL (618 years)’ at 6 years. The CBCL has
been widely used and validated with preterm samples®. Although the CBCL was collected at
16 months corrected for gestational age, the average chronological age of children was 18.1
months (Range=16.4-21.5 months), and the gestational age was unrelated to CBCL score at
any time point The t-scores for Internalizing and Externalizing Problem scales were used
due to differences in number of items between the preschool (99 items) and school-age
versions (113 items)”.

Parent-child interactions—Interactions at 16 months were coded using 3 established
subscales from the Parent Child Early Relational Assessment (PCERA)26-28, The PCERA
assesses the frequency, duration, and intensity of affect and behaviors of parent-infant dyads
during 5 minutes of play. Each variable is coded from 1 (negative quality) to 5 (positive
quality). Higher scores indicate more positive parenting, less negative parenting and less
dysregulation. Positive Parenting includes tone of voice, positive affect, enjoyment, and
quality of verbalizations, (11 items; a=.90). Negative Parenting includes angry, hostile tone
and mood, negative affect, and displeasure (5 items; a=.90). Child Dysregulation includes
negative affect, irritable mood, and emotional lability (6 items; a=.88). Ten percent of the
sample at each time point was independently coded by 4 trained research assistants. Inter-
rater reliability ranged from .83 to .97 across codes (M=.88). Kappa coefficients for
individual codes ranged from .60 to 1.0 (M=.83).

Maternal depression—Maternal depressive symptoms were measured at 16 months
using The Center for Epidemiologic Studies Depression Scale (CES-D)2°, a 20 item self-
report questionnaire on a 4-point scale (M=7.83 SD=7.16, Range=0-40, a.=.89).

Child cognitive skills—Cognitive skills at 16 months were assessed with the Mental
Developmental Index (MDI) score from the Bayley Scales of Infant Development, 2"
Edition39 (M/=100, SD=15, a=.91). In this sample, the average MDI score was 88.39
(SD=11.75, Range=50-122), with no significant outliers.

Maternal socioeconomic status (SES)—Mothers completed a demographic
questionnaire at NICU discharge. Family income was initially skewed because one family
reported income of $500,000; it was top-coded to the next highest family income (i.e.
$210,000). The SES index was created by standardizing and averaging maternal education
and family income (a.=.74).3!

A semi-parametric group-based method?2°:32 was used to identify distinct trajectories of
internalizing and externalizing behavior by identifying clusters of individuals with similar
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developmental pathways. Since the analytic sample was selected based on at least two data
time points on the CBCL, there were no missing data for predictors. Behavior problems
were modeled as a function of child age in months using the PROC TRAJ procedure in
SAS.32 Since behavior problems were approximately normally distributed, censored normal
models were estimated. First, unconditional models were fitted for internalizing and
externalizing behaviors to identify the number and shape of trajectory groups for each
outcome. The Bayesian Information Criterion (BIC) was used to identify the best fitting
model, with the lowest BIC score indicating better fit25. Posterior probabilities of group
membership were evaluated, with a posterior probability of .70 or higher for individuals
assigned to a given group considered evidence of acceptable model fit2>.

Next, multinomial logistic regression was used to examine predictors of trajectory group
membership. The likelihood of membership in each trajectory group was compared with the
likelihood of membership in the trajectory group with the highest level of symptoms over
time (Group 1: High), predicted by SES, child gestational age, child cognitive skills,
maternal depression, and parent-child interactions during play (positive parenting, negative
parenting, child dysregulation). Group 1 was chosen as the initial reference group so that all
analyses indicate contrast with the highest risk group, indicating factors that increase the
likelihood of greater resilience and fewer behavior problems. Differences between Groups 2
(Medium) and 3 (Low) are also noted within the text. Separate models were run for
internalizing and externalizing behaviors, weighting all analyses by posterior probability so
that more prototypical cases for each trajectory group were more heavily weighted. This
approach accounts in part for the uncertainty in assigning cases to trajectory groups.

One hundred forty eight mother-child dyads were included. Ten mothers completed CBCLs
at 2 time points, 38 at 3 time points, and 100 at all 4 time points. At 6 years, 106 mothers
participated (71.6%). Families were more likely lost to attrition when mothers were younger,
single, had less education, and were not Caucasian, but were comparable on other variables
(Table I). Descriptive statistics are displayed in Table Il. Of note, 13.8% of women reported
CESD scores in the clinical range (=16; 7= 20). In addition, although positive and negative
parenting were weakly correlated (r= .28, p=.001), child dysregulation was unrelated to
either positive (r= .07, p=.451) or negative parenting (= -.02, p=.850).

Internalizing Behavior

For internalizing behaviors, a three group model minimized BIC scores (BIC scores: 1
group=-1984.46; 2 groups=-1899.10; 3 groups=-1895.46; 4 groups=—1900.98). As seen in
the Figure, 41% of the sample displayed the highest level of internalizing behavior across
time (Group 1: High). For the High group, internalizing behavior increased from 16 through
36 months, then gradually declined through 72 months. An additional 42% of the sample
displayed a similar pattern over time, at lower levels (Group 2: Medium). The remaining
17% showed the lowest level of internalizing symptoms over time (Group 3: Low).
Symptoms gradually increased for this group. Children were assigned to each group with
89% confidence (average posterior probabilities were .93, .83, and .92 for Groups 1, 2, and
3, respectively). Group trajectory was unrelated to the number of time points when CBCLs
were collected.
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Table 111 presents the results of the multinomial analyses, using likelihood of membership in
Group 1 (High) as the comparison group. Compared with Group 1 (High), the likelihood of
membership in Group 2 (Medium) or Group 3 (Low) was increased by higher SES, fewer
maternal depressive symptoms, and less child dysregulation. In other words, the risk of
being in Group 1 was increased by lower SES, greater maternal depressive symptoms and
greater child dysregulation. With each additional point on the CES-D scale, the risk of a
child following the Group 1 (High) trajectory increased by 27%. More positive parenting
decreased the likelihood of Group 2 (Medium) membership, while the likelihood of
membership in Group 3 (Low; lowest trajectory of internalizing behaviors over time) was
decreased by higher gestational age. With each additional week of gestation, the likelihood
of belonging to Group 3 (Low) decreased by 21%. The risk of being in Group 1 was
increased by less positive parenting and later gestational age.

Follow-up analyses were conducted using multinomial regression but with Group 2
(Medium) as the comparison group to further distinguish predictors of trajectory group
membership. Compared with the likelihood of membership in Group 2 (Medium), the
likelihood of membership in Group 3 (Low) was decreased by higher gestational age
(OR=0.83, p=.04, CI [0.70, 0.99]) and higher maternal depressive symptoms (O.R.=0.86,
p=.03, C1[0.75, 0.98]). Comparisons of Group 2 (Medium) to Group 1 (High) are
represented in Table I11.

Externalizing Behavior

A three group model also yielded the best fit for externalizing behaviors, minimizing BIC
scores (BIC scores: 1 group=—1978.20; 2 groups=—1896.90; 3 groups=—1875.17; 4 groups=
- 1881.20). Group 1 (36% of children; High) displayed the highest level of externalizing
behavior over time (Figure). Group 1 (High) displayed increases in externalizing behaviors
from 16 to 24 months, then gradual declines through 72 months. Unlike Group 1 (High),
Group 2 (Medium) did not display a peak at 24 months, but showed an increase from 16 to
36 months, followed by a gradual decrease through 72 months. Group 2 (Medium) was the
largest group, accounting for 43% of children. The remaining 21% showed a steady pattern
of few externalizing behaviors over time (Group 3: Low). Children were assigned to each
group with 91% confidence (average posterior probabilities were .93, .89, and .90 for
Groups 1, 2, and 3, respectively). Group trajectory was unrelated to the number of time
points when CBCLs were collected.

Next, predictors of trajectory group membership were examined. Compared with Group 1
(High), the likelihood of membership in Group 2 (Medium) was increased by higher SES,
lower depressive symptoms, and less child dysregulation, while the likelihood of
membership in Group 3 (Low) was increased by lower depressive symptoms. In other words,
the risk of being in Group 1 (High) was increased by lower SES, greater depressive
symptoms and greater child dysregulation. Children of mothers with levels of maternal
education and income one standard deviation below the mean were over twice as likely to
belong in trajectory Group 1 (High), as compared with Group 2 (Medium). Compared with
Group 3 (Low), the likelihood of membership in Group 1 (High) was increased by 24% with
each additional point on the CES-D. Follow-up analyses were again conducted to further
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distinguish predictors of trajectory groups. Higher maternal depression symptoms decreased
the likelihood of children following the Group 3 (Low) trajectory compared with Group 2
(Medium) (O.R.=0.88, p=.03, CI [0.78, 0.98]).

Discussion

This prospective longitudinal study examined patterns of behavior problem trajectories in
preterm children admitted to the NICU and identified individual, familial, and contextual
risk factors for such trajectories. These findings have implications for primary care
pediatricians that care for preterm infants and children. Three distinct trajectories were
identified for both internalizing and externalizing behavior problems, consistent with prior
research in children born at term gestation.1316 Similar patterns emerged in both the
externalizing and internalizing models. For the groups with more behavior problems (High
and Medium), trajectories reached their peaks between 24-36 months, then leveled off or
decreased. These patterns are consistent with behavior problems in term children (i.e. the
“terrible twos and threes”) and may reflect normative developmental progressions.16:33
Temper tantrums and separation anxiety are common occurrences during toddlerhood and
typically decrease after children have more language, executive function and regulatory
skills33. Thus, pediatricians may be able to reassure parents of preterm toddlers that this
increase is normative and behavior is expected to improve over time.

Group 3 (Low), in contrast, showed a stable low level of externalizing behaviors, and low,
but slightly increasing internalizing behaviors. Given that even at their height, the
internalizing behaviors were far below clinical levels, the slow increase over time may
reflect a regression to the mean, or a reflection of children’s verbalization of fears and
worries34,

In our sample, 51.3% of children were in the High risk group for either internalizing or
externalizing trajectories, which is concerning. Yet, only 14-15% of children experienced
clinically significant levels of behavior problems at any given time point, and 96% of these
children were in the high risk trajectory group. These findings suggest that Group 1 (High)
trajectory may identify children who need particular attention and repeated screening by
pediatricians, as they may experience more difficulty in school and home settings. It is
important for pediatricians to monitor these trajectories over time, as early trajectory
membership predicts later psychiatric problems, attentional difficulties, poor school
achievement, or substance use!®35, Preterm children are already at increased risk for many
of the above outcomes, so identifying early patterns may assist in prioritizing intervention.
These findings also indicate that important data can be gained by assessing behavior at one
point in time during early childhood for preterm children. Assessing child behavior at a two-
or three-year check-up, for example, may be helpful in analyzing children’s long-term risk.

However, the majority of children did not have clinically significant levels of either
internalizing or externalizing problems and were functioning well from a behavioral
perspective. This may be reassuring information for families to receive from pediatricians.
Further, although the bottom two groups were labeled as Medium and Low for clarification
purposes, there is no indication that those in Group 2 (Medium) are at any greater risk for
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clinically significant behavior problems than those in Group 3 (Low). They are different
patterns of development with slightly different predictors, but both appear to be normative
patterns of development.

In addition to identifying trajectories, we examined early contributors to trajectory
membership. Maternal depression, parent-child interactions, child dysregulation, and
socioeconomic challenges are risk factors that have long been viewed as critical to children’s
development within preterm populations*36. Although one would expect observations of
expressed negative affect, emotional lability, irritability, and impulsivity to relate to
externalizing behavior, dysregulation was also associated with trajectories of internalizing
behaviors, suggesting that children in Group 1 (High) for either trajectory may experience
more generalized underlying difficulties in regulation and emotional control, and that such
difficulties are evident early in life. Further, dysregulation was measured at 16 months, while
behavior problems peaked later in development, suggesting interventions to improve
regulatory skills could begin before a child develops more severe symptomatology.

Although unmeasured in this study, dysregulation may be associated with specific aspects of
the child’s temperament in preterm and term samples, including negative affect, irritability,
distress to limitations and intensity of mood37-38, Future studies should examine whether
temperament also may be a predictor of trajectories. Temperament can be assessed via
questionnaire by pediatricians even earlier in development, at a 3 month, or 6 month visit,
and may provide opportunities for targeted surveillance of children at risk.

With regards to familial factors, maternal depression was strongly associated with trajectory
membership. The American Academy of Pediatrics recommends assessing postpartum
depression in mothers, and there have been other suggestions to assess depression in mothers
of preterm children3®. These findings add to the evidence that maternal depression is
detrimental to children’s development#041 and that pediatricians should attend to the well-
being of parents to provide preventive interventions.

Contrary to expectations, parenting quality during play was largely unrelated to trajectory
membership, with one exception. Parent-child interactions have generally been associated
with children’s behaviorl2:33:42.43 sg this finding was surprising. Given the
neurodevelopmental vulnerabilities associated with prematurity, other factors, such as
synchrony or vagal tone, may be more critical?1:2444, |t also may be that interactions that
stress the relationship (i.e., clean-up tasks, difficult puzzle tasks) may be better at measuring
the parenting attributes that more directly impact behavior problems than the free play
measurement used in this study. SES emerged as a fairly consistent predictor of both
internalizing and externalizing trajectory membership, highlighting the importance of
economic hardship early in development, particularly as preterm children admitted to the
NICU are disproportionally from lower income households*®. We measured household
income and parental education, two important indicators, but these are also a proxy for a
number of other factors, including neighborhood resources, access to services and early
prenatal care.
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Gestational age was unrelated to externalizing problems. Given that prior research has found
heightened risk for children across gestational age?, this finding is somewhat unsurprising.
There may be other factors during pregnancy or delivery that are differentially important to
children’s behavior, and any level of prematurity can present challenges to the child and
family. We chose to use gestational age as a continuous variable, rather than by subgroup
categories, due to issues of power.

For internalizing disorders, children in the more resilient group were more premature than
those in the most at-risk group. Although this may be initially surprising, emerging research
suggests that LPT children have heightened levels of reported behavior problems38. Children
born earlier may be more likely to receive early intervention services that address behavioral
concerns*®, although we were unable to assess this reason. In addition, parents of children
born LPT may expect that their children will be developmentally typical, given the fewer
medical complications compared with those born VPTL5, Parents may then not attribute
emerging children worries or withdrawal to prematurity, and thus rate the behaviors as more
concerning. Future research should contrast parent-reports of internalizing behavior with
clinical assessments in order to parse out the impact of parental reporting biases.

There are limitations that must be mentioned. This study examined trajectories of preterm
children, but there was no comparison group of term children. Thus, we cannot directly
compare predictors and trajectories across preterm and full term populations. Second,
mothers completed all reported measurements. Although maternal reports of the CBCL are
the most common assessment of children’s behavior problems’, other multi-informant data
would be ideal, and teachers, fathers, or clinical assessments could provide additional
information. Further, our findings indicated similar rates of externalizing and internalizing
behavior problems, although other research has shown higher rates of internalizing
behaviors in preterm children®’. This may be due to the age of measurement and the use of
maternal report alone. The CBCL was measured first at 16 months (corrected for
prematurity), although it is designed to start at 18 months. However, children were 18
months (average uncorrected for prematurity) during the assessment and internal consistency
and variability were appropriate. There was attrition in the study, but it was not associated
with any study variables. Finally, child dysregulation and parenting were measured during
the same play interaction. We were limited by either choosing to measure child and parent
behavior at two separate time points or using the same interaction.

Beginning at 16 months corrected age, preterm children who had been admitted to an NICU
followed one of three distinct developmental trajectories for behavior problems, including
one at higher risk for later behavioral problems. These trajectories were identified before
two years of age. Early behavioral dysregulation, maternal depression, and lower SES were
factors increasing the likelihood of membership in a high-risk trajectory. Our study suggests
that pediatricians should monitor children with these risk factors closely, and refer them to
early treatment prior to the onset of more severe behavioral issues.
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Figure 1.

Predicted Trajectories (with 95% Confidence Intervals) of Internalizing and Externalizing
Behaviors
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Demographic and Neonatal Characteristics at NICU discharge (N=148)

Table 1

Variable Range or
Frequency (%) M SD

Maternal Age 17-42 30.08 6.21
Maternal Education (years) 8-21 14.49 2.68
Family Income per Year ($) 4,320-210,000 59,739 | 40,423
Sex of Child (Male) 74 (50.0%)
Child MDI Score at 16 months 50-122 88.39 11.75
Infant Race

African American 17 (11.5%)

Asian 1(0.7%)

Caucasian 102 (68.9%)

Latino 2 (1.4%)

Middle Eastern 2 (1.4%)

Multiracial 24 (16.2%)
Marital Status (Married or Cohabitating) 121 (81.8%)
Infant Gestational Age (in weeks) 23.71-36 31.48 3.04

Late Preterm (34-36 weeks) 45 (30.4%)

Moderate Preterm (32-33 6/7 weeks) 36 (24.3%)

Very Preterm (28-31 6/7 weeks) 43 (29.1%)

Extremely Preterm (<28 weeks) 24 (16.2%)
Infant Birth Weight 490-3328 1748.17 | 579.48

Extremely Low (<1,000 g) 22 (14.9%)

Very Low (<1,500 g) 29 (19.6%)

Low (<2,500 g) 84 (56.8%)

Normal (2,500 g) 13 (8.7%)
Days Hospitalized 2-136 32.42 28.49
Multiple Birth 28 (18.9%)
Medical Concerns

Apnea 99 (66.9%)

Respiratory Distress Syndrome 76 (51.4%)

Chronic Lung Disease 14 (9.5%)

Gastroesophageal Reflux 14 (9.5%)

Retinopathy of Prematurity 2 (1.4%)

Sepsis and Other Infections

18 (12.2%)
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