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Abstract

Background: Very preterm infants are at high risk for neurodevelopmental impairments. We
used a child-centered approach (latent profile analysis [LPA]) to describe 2-year neurobehavioral
profiles for very preterm infants based on cognitive, motor, and behavioral outcomes. We
hypothesized that distinct outcome profiles would differ in the severity and co-occurrence of
neurodevelopmental and behavioral impairment.

Methods: We studied children born <33 weeks’ gestation from the Environmental influences

on Child Health Outcomes (ECHO) Program with at least one neurobehavioral assessment at

age 2 (Bayley Scales of Infant and Toddler Development, Child Behavior Checklist, Modified
Checklist for Autism in Toddlers, cerebral palsy diagnosis). We applied LPA to identify subgroups
of children with different patterns of outcomes.

Results: In 2,036 children (52% male; 48% female), we found four distinct neurobehavioral
profiles. Most children (~85%) were categorized into one of two profiles characterized by no/mild
neurodevelopmental delay and a low prevalence of behavioral problems. Fewer children (~15%)
fell into one of two profiles characterized by severe neurodevelopmental impairments. One profile
consisted of children (5%) with co-occurring neurodevelopmental impairment and behavioral
problems.

Conclusion: Child-centered approaches provide a comprehensive, parsimonious description of
neurodevelopment following preterm birth and can be useful for clinical and research purposes.

INTRODUCTION

Birth outcomes for infants born very preterm (<33 weeks gestational age [GA]) have

been steadily improving over the past several decades.l:2 With more children born at

early GA surviving into childhood, the extent to which they will experience clinically
relevant neurodevelopmental or behavioral problems is unclear.3# Outcomes for children
born < 33 weeks GA are variable, with some children showing few neurodevelopmental
concerns and others showing significant impairment.2:> However, prior research has tended
to take a variable-centered approach, reporting rates of impairment in single domains or on
single assessments as if they are independent from one another. For example, studies have
reported rates of neurodevelopmental delay separately from rates of behavioral problems,
although these outcomes could be experienced separately or in tandem within different
subgroups of children. Some studies have created composite indices of neurodevelopmental
impairment that incorporate multiple neurological domains (e.g., cognitive impairment,
motor impairment, hearing loss, blindness)® but these indices only capture degree of

Pediatr Res. Author manuscript; available in PMC 2024 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Camerota et al.

Page 3

impairment (e.g., any vs. none or total number of impairments), rather than describing
specific patterns of outcomes in children.

More recently, child-centered approaches to studying neurodevelopmental outcomes have
been developed and applied to children born very preterm.’~10 These approaches aim to
identify subgroups of children with similar neurodevelopmental profiles within a larger,
heterogeneous sample. The benefit of child-centered approaches is that they result in
comprehensive, holistic descriptions of children, including their unique combinations of
cognitive, motor, and behavioral strengths and weaknesses. Unlike prior studies that describe
neurodevelopmental and behavioral outcomes separately!, the holistic descriptions derived
from child-centered approaches integrate multiple measures into a single outcome profile
that is parsimonious and easily interpretable, two strengths that could benefit clinicians in
deciding which children require closer follow-up or intervention and which kinds of services
would be most beneficial for specific subgroups of children.

Current research has begun to examine neurodevelopmental profiles of infants born preterm.
Overall, these studies have shown that there are distinct subgroups of children who vary
both in the severity of their neurodevelopmental and/or behavioral difficulties®-10 and in the
co-occurrence of these problems.” The National Institutes of Health-funded Environmental
influences on Child Health Outcomes (ECHO) Program?2 offers an opportunity to examine
neurodevelopmental profiles in a larger sample of children from multiple cohorts across a
wide geographic region with diverse demographic and medical characteristics. The goal of
the current study was to apply a child-centered approach to characterize outcomes for very
preterm infants in the ECHO Program at their 2-year follow-up. We hypothesized that we
would observe distinct neurobehavioral profiles that differ in the severity and co-occurrence
of neurodevelopmental, motor, and behavioral strengths and difficulties.

METHODS

Study Population

Measures

The ECHO Program was launched in 2016 to investigate the influence of environmental
exposures on child health and development.12-14 Of the 69 extant cohorts within ECHO
(https://www.nih.gov/echo/pediatric-cohorts), three specifically recruited infants born very
preterm (<33 weeks GA) and were therefore included in this analysis (Table 1).1° Infants
with data for any of our outcome measures assessed at 2 years of age (corrected age)

were retained in the analytic sample, resulting in a total of 2,036 children (Mga=26.1
weeks, SDga=1.8 weeks, range=22-32 weeks; 52% male, 48% female). Within each cohort,
local Institutional Review Boards reviewed and approved all data collection procedures, and
participants provided written informed consent.

Bayley Scales of Infant and Toddler Development (Bayley)—The Bayley is a
widely used assessment of child developmental outcomes across motor, language, and
cognitive domains.1® The motor scale captures both fine and gross motor skills, whereas
the language scale captures expressive and receptive language. Because one cohort used
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an earlier version of this assessment (Bayley-I1: 7=965; Bayley-111: 7=736), the Bayley
outcome measure for this analysis was harmonized Bayley Mental Development Index
(hMDI) scores. Briefly, data were harmonized by applying a previously published algorithm
for converting Bayley-111 language and cognitive composite scores into a single Bayley MDI
score.1” This approach has been used before in studies of very preterm8 and extremely
preterm infants.19 For a small subset of children with very low language and/or cognitive
scores (11=82; ~5%), this procedure resulted in hMDI scores that were outside the plausible
range; for these cases, their converted scores were set to 49, the lowest observed Bayley
MDI score. With the application of the hMDI score, children from all three cohorts provided
Bayley data (/7=1701).

Child Behavior Checklist 1 ¥2-5 years (CBCL 1 %-5)—The CBCL/1 -5 is a parent-
report measure assessing child behavioral problems.20 Parents were asked to report on 99
child behaviors using a 3-point rating scale of 0 (“Not True), 1 (“Somewhat or Sometimes
True”), or 2 (“Very True or Often True”). Sum scores are calculated for seven symptom
subscales: Emotionally Reactive, Anxious/Depressed, Somatic Complaints, Withdrawn,
Sleep Problems, Attention Problems, and Aggressive Behaviors. We used the seven raw
subscale scores as outcomes in the analysis. Children from all three cohorts provided
CBCL/1 %-5 data (17=1390), referred to here as CBCL.

Cerebral palsy (CP)—The presence or absence of cerebral palsy (CP) at age 2 was
determined using at least one of the following measures: Neonatal Research Network CP
exam?!, Extremely Low Gestational Age Neonates (ELGAN) neurological exam?2, Gross
Motor Function Classification System, and/or parent-report of a CP diagnosis. The severity
and type of CP (e.g., quadriplegia, hemiplegia) was not available from all cohorts; therefore,
a single dichotomous variable indicating the presence or absence of any CP was used as the
final outcome variable. Children from all three cohorts provided CP data (/7=1477).

Modified Checklist for Autism in Toddlers (M-CHAT)—The M-CHAT is a parent-
report screening tool to identify children at high risk for autism spectrum disorder (ASD).
Parents responded to 23 (M-CHAT-R23; original instrument) or 20 (M-CHAT-R/F24; revised
instrument) items regarding their child’s social and language behavior. A single harmonized
dichotomous variable indicating whether the child screened positive for high autism risk was
used as an outcome. Children from all three cohorts provided M-CHAT data (/7=1809).

Statistical Analysis

We addressed our main study aims by applying latent profile analysis (LPA) to the following
outcome variables: Bayley hMDI score, CBCL subscale scores, M-CHAT positive screen
(yes/no), and CP (yes/no). LPA classifies individuals into groups based on patterns of
responses to several observed variables. Enumerating the optimal number of latent profiles
involves estimating models with increasing numbers of latent profiles and comparing their
model fit. We did this systematically by applying five rules. First, there could be no evidence
of convergence problems (indicating that the model could not be estimated). Second, we
preferred models with a low Bayesian Information Criterion (BIC), a numerical index of
how well the model fits the data that balances model fit with parsimony. Third, we preferred
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models with high entropy and latent class probabilities, indicating high classification
accuracy. Fourth, we conducted Lo-Mendell-Rubin (LMR) and Bootstrapped Likelihood
Ratio (BLR) tests, which test whether a model with & profiles fits significantly better than
a model with k-1 profiles. We preferred significant LMR and BLR test results. Fifth, we
preferred models where the smallest class contained at least 5% of the sample to avoid
overfitting or non-generalizable solutions. All models were run assuming equal variances
for the outcome variables across the latent profiles. Missing data were handled using full
information maximum likelihood. This approach allowed us to retain all participants who
supplied at least one outcome variable, without the need to impute missing data. Additional
information regarding data availability across cohorts is supplied in Supplemental Table 1.

Based on the best-fitting solution, we grouped children into their most likely latent profile
and then described the profiles based on their mean Bayley and CBCL scores, as well as

the prevalence of CP and a positive screen on the M-CHAT. We additionally compared the
means and prevalence estimates across the profiles using one-way ANOVA and chi-squared
tests, following up significant omnibus tests with post-hoc comparisons (i.e., Tukey tests and
pairwise chi-squared tests) to determine which profiles were significantly different from one
another for each outcome variable.

For additional context, we examined the proportion of children in each profile who fell in
the clinical range on the Bayley and CBCL. For the Bayley, we describe the proportion of
children in each profile with mild (hMDI <85) and severe (hMDI <70) cognitive delay. For
the CBCL, we describe the proportion of children with borderline (T =65) or elevated (T
>70) 7-scores in each behavioral domain.

We conducted LPA using Mplus version 8.8. Descriptive statistics and profile comparisons
were completed using SAS version 9.4.

Sample Description

Descriptive statistics for the children and mothers in this sample are shown in Table 2. The
sample was racially (3% Asian, 24% Black, 6.5% Multiracial, <2% Native Hawaiian/Pacific
Islander or American Indian/Alaskan Native, and 58% White) and ethnically diverse (15%
Hispanic/Latino/a). Approximately one-third (29%) of mothers had a 4-year college degree,
and the majority (76%) had a relationship partner. Demographic information additionally
broken down by cohort is available in Supplemental Table 2.

Developmental outcomes for the full sample are summarized in Table 3. The mean Bayley
hMDI score was 82 (SD=20), which is below the cutoff for mild delay (<85). Approximately
one-half (53%) of the sample met the criteria for mild delay, and approximately one-quarter
(27%) met the criteria for severe delay. Raw CBCL subscale scores ranged from 1.53
(Withdrawn) to 8.37 (Aggressive Behaviors). Between 3% (Anxious/Depressed) and 13%
(Attention Problems) of the sample had CBCL scores in the borderline elevated range (T
>65). Additionally, 12% of the sample had a CP diagnosis and 19% screened positive on the
M-CHAT.
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LPA Analysis

We estimated LPA models with 1-6 profiles. Fit statistics are shown in Table 4. Based on
our selection criteria, we determined that a 4-profile solution fit the data best. Although the
BIC was lower and the BLR test was significant for the 5- and 6-profile solutions, these
solutions resulted in small classes with fewer than 2% of the sample represented. Entropy
and average class probabilities were very similar between the 4-, 5-, and 6-profile solutions.
For this reason, we selected the 4-profile solution.

We next compared developmental outcomes by profile (Table 5; Figure 1). Profile 1
comprised almost two-thirds of the sample (60%, /=1218). Children in this profile had

the highest Bayley hMDI scores in the sample (M=89, SD=17), although this was still below
the average for normative populations (A/=100, SD=15).16 Children in this profile had the
fewest behavioral problems in the sample. Rates of CP were low (~6%), and very few
children in this profile (<2%) screened positive on the M-CHAT.

Profile 2 contained approximately one-quarter of the sample (24%; 7=491). Children in
profile 2 had Bayley hMDI scores that were significantly lower than those of the children

in profile 1 (M=79, SD=19), p<.001. Additionally, the mean level of behavioral problems

in profile 2 was significantly higher than in profile 1 (all p<.001). Rates of CP were higher
in profile 2 compared with profile 1 (9.3%, p=.02), and the children in this profile were
more likely to screen positive on the M-CHAT (20%, p<.001) compared with the children in
profile 1.

Profile 3 contained 5.5% of the sample (#=112). Children in profile 3 had lower Bayley
hMDI scores than children in profiles 1 or 2 (M=67, SD=17), p<.001. In addition, they had
the highest levels of behavioral problems compared with all other profiles (all p<.001). The
rate of CP in profile 3 was higher than in profile 2 (18%, 0=.02). More than half of the
children in this profile screened positive on the M-CHAT (58%), which was significantly
higher than in profiles 1 or 2 (all p<.001).

Finally, profile 4 contained 11% of the sample (#=215). Children in this profile had the
lowest Bayley hMDI scores compared with all other profiles (M=54, SD=9.1, all p< .001).
Behavioral problems were higher in profile 4 compared with profile 1 (all p<.001), with
the exception of two subscales (Sleep Problems, Aggressive Behaviors) that were equally as
low as in profile 1 (all g>.26). More than half of the children in profile 4 had CP (52%), and
nearly all of the children screened positive on the M-CHAT (90%), which were the highest
rates observed across all of the profiles (all p<.001).

The prevalence of clinically relevant scores by profile are shown in Table 6. Notably, while
rates of severe delay (<2 SD) on the Bayley were low in profile 1 (11%), more than half

of the children in profile 3 (60%) and nearly all the children in profile 4 (91%) had scores
in the severe delay range. Rates of borderline (T =65) and elevated (T =70) behavioral
problems were relatively low in profiles 1, 2, and 4, but they were notably higher in

profile 3, ranging from 31% (Sleep Problems) to 72% (Attention Problems) for borderline
elevated scores. The two most prevalent behavioral problems in this group were attention
problems (72%) and emotionally reactive problems (66%), indicating specific difficulties
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with externalizing problems (although 58% of children also had withdrawn symptoms in the
borderline elevated range).

Secondary Analysis

Although the goal of the current investigation was to describe outcome profiles, rather than
predict membership in these profiles, we aimed to understand the extent to which children
of different GAs were represented in each of the four outcome profiles. The mean GAs

of children in each profile were as follows: profile 1 (Mg4=26.3 weeks, SD=1.8 weeks),
profile 2 (Mg4=26.1 weeks, SD=1.6 weeks), profile 3 (Mg4=25.9 weeks, SD=1.6 weeks),
and profile 4 (Mg4=25.4 weeks, SD=1.7 weeks). The GAs of children in profiles 1 and 2
were not statistically different (p=.07). Children in profile 3 had a significantly lower GA
compared with children in profile 1 (p=.03) but not compared with children in profile 2
(0=.28). Children in profile 4 had the lowest GA compared with all other profiles (all p<.02).
The magnitude of these differences was small (< 1 week).

DISCUSSION

The purpose of this investigation was to take a child-centered approach to characterize

the neurodevelopmental profiles of children at age 2 following very preterm birth. We
capitalized on data from the nationwide ECHO Program to examine these profiles in the
largest sample of children born at <33 weeks studied to date. We found evidence for four
distinct neurobehavioral profiles that consisted of different combinations of cognitive, motor,
and behavioral proficiencies and difficulties.

The majority of children (~85%) were categorized into one of two profiles characterized

by no or mild neurodevelopmental delay and a low prevalence of behavioral problems. For
example, 41% of children in profile 1 had Bayley hMDI scores <85, meaning most children
in this profile (59%) had Bayley scores within the normal range. Children in profile 2 were
more likely to have mild neurodevelopmental delay (59%), and one-third of children in
profile 2 had severe neurodevelopmental delay (Bayley hMDI <70). Rates of behavioral
problems were the lowest in these two profiles, with the most prevalent concern being
attention problems, which were borderline elevated in 22% of children in profile 2. Rates

of CP were lowest in profile 1 (6%) and second lowest in profile 2 (9%), indicating a low
prevalence of gross motor disability among these children. Very few children in profile 1
screened positive on the M-CHAT for elevated ASD risk, whereas a larger proportion (20%)
screened positive in profile 2. Overall, while children in these two profiles may be at risk for
mild neurodevelopmental delay and/or behavioral problems, many children (particularly in
profile 1) may have no developmental concerns.

The rest of the sample (~15%) fell into one of two profiles characterized by more

severe neurodevelopmental and/or behavioral difficulties. Children in profile 3 (5%) were
characterized by co-occurring, severe neurodevelopmental and behavioral problems. More
than half of the children in this profile (60%) had severe neurodevelopmental delay, and
rates of elevated behavioral problems (particularly attentional and emotional problems) were
the highest in the sample. Children in profile 4 were characterized by an even higher
likelihood of severe neurodevelopmental delay, but unlike children in profile 3, they were
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much less likely to have behavioral problems. Nearly all children (91%) in profile 4 had
Bayley hMDI scores <70, indicative of severe neurodevelopmental delay. Additionally, over
half of the children in this profile had a CP diagnosis, and the majority of children screened
positive for elevated ASD risk on the M-CHAT.

Several recent studies have used group-based clustering approaches to describe outcomes
for preterm children, and our results share similarities and differences with this prior work.
For example, we recently examined neurodevelopmental profiles at age 2 for one of the
cohorts included in this ECHO-wide analysis (ECHO-NOVI; see Table 1).” In this prior
analysis, we similarly found four profiles that differed in terms of degree and combination
of strengths and impairments. In ECHO-NOVI, approximately 70% of children fell into one
of two profiles that were similar to profiles 1 and 2 in the current study (containing ~80%

of children in the current sample). These profiles had low rates of neurodevelopmental

and behavioral problems as well as low rates of CP and few positive screens on the
M-CHAT. In ECHO-NOVI, 11% of the sample were categorized into a profile similar

to profile 3 in this study (5% of the current sample), characterized by elevated rates of
neurodevelopmental impairment accompanied by elevated behavioral problems. Finally,
16% of the ECHO-NOVI sample fell into a profile similar to profile 4 in this study (11%

of the current sample), characterized by severe neurodevelopmental delay but few behavioral
problems. The replication of prior ECHO-NOVI findings in this much larger, multicohort
study is notable, especially given the increased range of GA (<33 weeks in the current study,
<30 weeks in ECHO-NQVI) and the recruitment time frame (2002-present in the current
study, 2014-2016 in ECHO-NOVI).

One of the cohorts represented in this study (ELGAN; see Table 1) previously used LPA

to describe cognitive outcomes for their sample at age 10 years.® At age 10, approximately
one-third of children in this cohort had a cognitive profile with 1Q and executive functioning
scores in the normal range, whereas 41% had a “low-normal” profile. Smaller proportions
of children were categorized into “moderately impaired” (17%) and “severely impaired”
(8%) profiles. It is difficult to compare the prior ELGAN findings with the present findings
because of the different ages of the children and the different assessments included (e.g.,
cognitive outcomes alone versus in combination with behavioral outcomes). However,

the ELGAN findings of a gradient of cognitive performance ranging from normal or

near normal to severe impairment are similar to those of this study. Other studies have
similarly used LPA to describe developmental outcomes for children following extremely®
and moderately preterm birth19, although these studies have examined older children (age
7-8 years) and investigated outcomes within single domains (either cognitive or behavioral
outcomes). Similar to the current findings and the prior findings in ECHO-NOVI7 and
ELGANS, these studies found four subgroups of children with varied levels of functioning,
from few cognitive and/or behavioral problems to globally elevated and clinically relevant
impairments. 10

The gradient of impairments observed across the four profiles in this study and the differing
combinations of neurodevelopmental and behavioral strengths and difficulties demonstrate
the diversity of outcomes for children born at <33 weeks GA. Additionally, these results
illustrate the strength of the LPA approach for characterizing outcomes in these children.
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LPA is particularly useful in summarizing the strengths and difficulties of children across
multiple domains of functioning (i.e., cognitive, motor, and behavior). Only one of the
profiles (profile 3) showed clinically relevant impairments in both neurodevelopmental and
behavioral outcomes, with mean Bayley hMDI scores <2 SD below the mean and CBCL
scores in the borderline elevated range for multiple subscales. This profile was distinct from
profile 4, which also had mean Bayley hMDI scores <2 SD below the mean, coupled with
high rates of CP and a high risk for ASD but with CBCL scores within normal limits. While
children in profile 4 would likely require additional follow-up services due to cognitive

and motor concerns, children in profile 3 would require follow-up for cognitive, motor,

and behavioral concerns. Understanding how these profiles differ from one another, and
from more neurotypical profiles, could help clinicians identify the different ‘phenotypes’ of
preterm children they may see at follow-up and could aid in the development of new or
improved interventions that target multiple, co-occurring neurodevelopmental difficulties in
tandem.

The strengths of this study include our use of a large, multi-cohort population, the largest
sample of children born < 33 weeks GA in the United States to date. The multi-cohort
nature of this study, spanning a wide geographical area, allowed us to achieve greater
diversity in child and family characteristics than any single study alone. This study also

had several limitations. Most notably, our use of a multi-cohort study means that there

was heterogeneity in how multiple outcomes were measured (e.g., multiple procedures for
determining CP, Bayley-11 versus Bayley-111 for assessing neurodevelopment, and MCHAT-
R versus MCHAT-R/F for determining autism risk). The three cohorts also differed in terms
of child year of birth, gestational age criteria for enrollment, and sample size, which may
have had an impact on our findings. Despite the large overall sample, sizable proportions

of data were missing for each individual outcome assessed. Although this limitation did not
lead to issues with model estimation, there is the possibility that children with the most
severe neurodevelopmental delays were not able to be seen for follow-up or assessments
were not able to be conducted. These results may therefore not represent outcomes for the
most high-risk children. Additionally, we were limited in the assessments that were available
and could be harmonized across the three cohorts. While we were able to harmonize Bayley-
Il and Bayley-111 cognitive scores!’, no published algorithm is available for converting
Bayley motor scores across different versions of the instrument. Additionally, while we
were able to take a fine-grained approach to assessing behavioral problems using the CBCL
syndrome scales (rather than composite scores), we were not able to distinguish between
subdomains of cognition or language (e.g., expressive versus receptive communication) on
the Bayley due to the differences in instrument versions. Finally, these results may not
accurately represent outcomes for all premature infants, particularly those born in the past
few years, as most cohorts included in this analysis recruited infants prior to 2016. The
profiles described here may also not be representative of very preterm children assessed

at older ages (i.e., older than 2 years of age). Understanding the stability or changes in
neurodevelopmental profiles for children across time would be an important future research
direction.

In summary, the current study reports four distinct neurodevelopmental profiles of very
preterm infants, ranging from few or no developmental concerns to severe impairment in
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one or more domains. Child-centered approaches provide a comprehensive, parsimonious
description of child neurodevelopment following preterm birth and can be useful for

both clinical care and research applications. These results demonstrate the importance of
assessing behavioral as well as neurodevelopmental outcomes in follow-up programs in
order to provide more comprehensive evaluation and intervention services. Future research
should investigate which factors in the pre-, peri-, and postnatal environment are related to
these profiles to better understand the risk and protective factors for very preterm children.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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IMPACT

Most research on outcomes for children born very preterm have reported rates
of impairment in single domains.

Child-centered approaches describe profiles of children with unique
combinations of cognitive, motor, and behavioral strengths and weaknesses.

We capitalized on data from the nationwide Environmental influences on
Child Health Outcomes (ECHO) Program to examine these profiles in a large
sample of children born <33 weeks gestational age.

We found four distinct neurobehavioral profiles consisting of different
combinations of cognitive, motor, and behavioral characteristics.

This information could aid in the development of clinical interventions that
target different profiles of children with unique developmental needs.
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Figure 1.
The means and percentages of outcome variables by latent profile. Profile 1 (black; 60%)

had mean Bayley scores within normal limits and few behavioral problems. Profile 2
(blue; 24%) had mean Bayley scores indicative of mild impairment but few behavioral
problems. Profile 3 (purple; 5%) had mean Bayley scores indicative of severe impairment
and borderline elevated CBCL/1%2-5 scores. Profile 4 (red; 11%) had mean Bayley scores
indicative of severe impairment but few behavioral problems. CBCL/1%-5 outcomes are
syndrome scale raw scores and Bayley outcome is the harmonized Mental Development
Index (hMDI; normative mean=100, standard deviation=15). CP refers to a cerebral palsy
diagnosis, and ASD refers to a positive screen on the M-CHAT. CBCL/1%:-5 scores are
plotted according to the left axis (ranging from 0-20), whereas Bayley, CP, and ASD
variables are plotted according to the right axis (ranging from 0-100). Colored shading
provides information about normal limits (green), borderline elevated or mild impairment
(yellow), and elevated or severe impairment (red). For CBCL/1%2-5, raw scores were

used for model estimation, but colored shading is based on corresponding 7-scores.
Aggressive, aggressive problems; Anx/Dep, anxious/depressed; ASD, autism spectrum
disorder; Attention, attention problems; CP, cerebral palsy; Emot, emotionally reactive;
Sleep, sleep problems; Somat, somatic complaints; WNL, within normal limits.
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ECHO cohort description.

Table 1.
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Sample size
Years of in current
Cohort enrollment Inclusion criteria Exclusion criteria analysis
ECHO- 2014-2016 -Gestational age (GA) less than 30 weeks at birth -Major congenital 567
NOVI -Parental ability to read and speak English or Spanish anomalies affecting
-Residence within 3 hours of the neonatal intensive care unit ~ NNNS administration
(NICU)/follow-up clinic prior to discharge
NICU- Phase 1: 2011- -Birth weight <1500 grams or gestational age 28 through -Evidence of perinatal 380
HEALTH 2013 32-6/7 weeks hypoxic ischemic
Phase 2: 2015- -Birth at Mount Sinai Hospital during the time period of encephalopathy during
present study enrollment follow-up
-No diagnosis of genetic or major structural congenital
abnormality
ELGAN 2002-2004 -Birth prior to 28 weeks of gestation -Anencephaly 1089

-Mother gave informed consent
-Birth at one of 15 participating medical centers in Illinois,
Michigan, North Carolina, Connecticut, or Massachusetts

NNNS, NICU Network Neurobehavioral Scale.
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Table 2.

Characteristics of study sample.

Full sample
(N=2036)
Variable N M (SD) or %
Neonatal characteristics
Gestational age at birth (weeks) 2026 26.1 (1.75)
Birth weight (grams) 2021 886.4 (279.5)
Small for gestational age 1282 15%
Male sex 2036 52%
Female sex 2036 48%
Infant admitted to NICU 2036 100%
Infant race 2036
American Indian/Alaskan Native <1%
Asian 3%
Black 24%
Multiple Races 6.5%
Native Hawaiian/Pacific Islander <1%
Other Race 5.9%
Race Unknown 1.5%
White 58%
Infant ethnicity 2036
Hispanic/Latino/a 15%
Not Hispanic/Latino/a 85%
Full sample
(N=1761)

N M (SD) or %

Maternal demographics
Age at birth (years) 1663 29.1 (6.6)
4-year college degree 1467 29%
Married/partnered 1491 76%
Maternal medical problems
Gestational diabetes 1433 8.0%
Pre-eclampsia 1756 20%
Perinatal maternal substance use
Tobacco 1687 13%
Alcohol 763 3.5%
Opioid 784 18%
Marijuana 755 7.3%
Iicit drugs 753 4.1%

NICU, neonatal intensive care unit.
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Table 3.

Means and percentages of outcome variables in the full sample.

Child outcomes N Mean SD Range <1SD (%) <2SD (%)
Bayley Scales of Infant and Toddler Development
Harmonized Mental Development Index ("MDI) 1701  82.2  20.2 49-145 53% 27%
N Mean SD Range T=265(%) T =70 (%)
CBCL/1 %5 syndrome scales (raw scores)
Emotionally reactive 1387 188 215 0-15 7.0% 1.5%
Anxious/depressed 1389 206 2.00 0-11 3.3% 0.9%
Somatic complaints 1389 158 195 0-14 8.1% 3.4%
Withdrawn 1389 153 201 0-14 8.9% 5.5%
Sleep problems 1390 241 261 0-14 5.3% 3.3%
Attention problems 1390 284 217 0-10 13% 7.6%
Aggressive behaviors 1372 837 620 0-29 5.0% 1.9%
N % Range
Diagnosis/Risk
Cerebral palsy diagnosis 1477 12% 0-1
ASD, M-CHAT positive screen 1809 19% 0-1

Page 17

ASD, autism spectrum disorder; CBCL/1 %-5, Child Behavior Checklist for Ages 1%-5; M-CHAT, Modified Checklist for Autism in Toddlers.
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Table 5.

Means and percentages of outcome variables by latent profile.

Profile 1 Profile 2 Profile 3 Profile 4
(60%) (24%) (5.5%) (11%)
Child outcomes M (SD) M (SD) M (SD) M (SD) P-value
Bayley Scales of Infant and Toddler Development
Mental Development Index (hMDI) 89.3(17.0) 79.2(19.1) 67.0(16.9) 54.1(9.1) <.0001
CBCL/1%-5 syndrome scales (raw scores)
Emotionally reactive 0.77(0.94) 2.81(1.55) 682(248) 1.12(1.22) <.0001
Anxious/depressed 1.08(1.17) 3.00(1.70) 5.77(2.07) 154(1.54) <.0001
Somatic complaints 0.96 (1.34) 2.00(1.84) 4.22(3.18) 1.53(1.71) <.0001
Withdrawn 0.48(0.78) 1.98(1.63) 533(2.76) 2.98(2.08)  <.0001
Sleep problems 1.46% (1.75) 3.46(2.66) 6.15(3.29) 1.22*(1.52) <.0001
Attention problems 1.63(1.39) 4.02(1.74) 6.44(1.75) 3.00(1.88)  <.0001
Aggressive behaviors 4.98*(3.62) 12.8(4.32) 19.9(5.60) 4.93*(3.84) <.0001
Diagnosis/Risk
Cerebral palsy diagnosis (%) 5.8% 9.3% 18% 52% <.0001
ASD, M-CHAT positive screen (%) 1.6% 20% 58% 90% <.0001

Page 19

P values correspond to omnibus test statistics (i.e., F test for continuous variables, chi-squared for dichotomous variables). Post-hoc pairwise

comparisons were also conducted, and groups with means that were not significantly different (z>.05) are noted (* or A). Within each row, bolded
values represent the most optimal scores (highest mean Bayley score, lowest mean CBCL/1%2-5 score, lowest prevalence of CP/ASD risk), and
italicized values represent the least optimal scores (lowest mean Bayley score, highest mean CBCL/1%2-5 score, highest prevalence of CP/ASD
risk). ASD, autism spectrum disorder; CBCL/1%-5, Child Behavior Checklist for Ages 1¥2-5; CP, cerebral palsy; M-CHAT, Modified Checklist

for Autism in Toddlers.
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Table 6.

Prevalence of clinically relevant scores by latent profile.

Profile 1 Profile 2 Profile 3 Profile 4
Child outcomes (60%) (24%) (5%) (11%)
<1SD <2SD <1SD <2SD <1SD <2SD <1SD <2SD
Bayley Scales of Infant and Toddler Development
Mental Development Index (hMDI) 41% 11% 59% 33% 82% 60% 98% 91%
T=265 T=270 T=265 T=270 T=265 T=270 T=265 T=70
CBCL/1%-5 syndrome scales
Emotionally reactive 0.0% 0.0% 6.0% 0.0% 66% 20% 0.8% 0.0%
Anxious/depressed 0.0% 0.0% 26% 0.0% 33% 11% 0.0%  0.0%
Somatic complaints 2.7% 0.7% 9.8% 2.6% 40% 27% 7.3% 1.6%
Withdrawn 0.1% 0.0% 9.1% 2.9% 58% 47% 18% 11%
Sleep problems 1.0% 0.3% 7.9% 5.0% 31% 22% 0.8% 0.0%
Attention problems 0.5% 0.0% 22% 9.5% 2% 53% 11% 6.4%
Aggressive behaviors 0.0% 0.0% 6.0% 1.2% 48% 23% 0.0% 0.0%
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Values in the table correspond to the percentages of children in each profile with Bayley scores more than 1 SD or 2 SD below the standardized
mean or CBCL/1%2-5 scores that correspond to T scores 265 or 270. CBCL/1%2-5, Child Behavior Checklist for Ages 1%-5.
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