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Abstract

Children born preterm are at increased risk for autism spectrum disorder (ASD). There is

limited knowledge about whether ASD phenotypes in children born preterm differ from children
born at term. The objective of this study was to compare ASD core symptoms and associated
characteristics among extremely preterm (EP) and term-born children with ASD. EP participants
(n=59) from the Extremely Low Gestational Age Newborn Study who met diagnostic criteria
for ASD at approximately 10 years of age were matched with term-born participants from the
Simons Simplex Collection on age, sex, spoken language level, and nonverbal 1Q. Core ASD
symptomatology was evaluated with the Autism Diagnostic Interview-Revised (ADI-R) and the
Autism Diagnostic Observation Schedule (ADOS). Developmental milestones, anthropometrics,
seizure disorder, and psychiatric symptoms were also investigated. The EP group had lower
parent-reported symptom scores on ADI-R verbal communication, specifically stereotyped
language, and restricted, repetitive behaviors. There were no between-group differences on ADI-R
nonverbal communication and ADI-R reciprocal social interaction nor with direct observation
on the ADOS-2. The EP group was more likely to have delayed speech milestones and lower
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physical growth parameters. Results from female-only analyses were similar to those from
whole-group analyses. In sum, behavioral presentation was similar between EP and 1Q- and
sex-matched term-born children assessed at age 10 years, with the exception of less severe
retrospectively reported stereotyped behaviors, lower physical growth parameters, and increased
delays in language milestones among EP-born children with ASD.

Lay Abstract

Children born extremely preterm (EP) are at high risk for ASD, but there is lack of information
on behavioral and other characteristics in this population. We examined symptom profiles and
other characteristics of EP-born compared to term-born children and found that symptoms and
associated characteristics were generally similar, with some exceptions. Increased knowledge of
the characteristics of EP-born children may advance earlier detection and remediation of ASD in
this population.
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INTRODUCTION

Autism spectrum disorder (ASD) is defined by deficits in social communication and
interaction and the presence of restricted, repetitive behaviors (American Psychiatric
Association, 2013). ASD is an early onset neurodevelopmental disorder highly
heterogeneous in its presentation and with a multifactor etiology, including a strong genetic
component as well as environmental risk factors, including preterm birth (Lyall et al.,
2017). Various associated features have been associated with ASD, including increased head
circumference (Sacco et al., 2015), motor deficits (Licari et al., 2020), seizure disorder (El
Achkar & Spence, 2015), and psychiatric conditions, such as attention deficit hyperactivity
disorder (ADHD) (Antshel & Russo, 2019; Levy et al., 2010; Supekar et al., 2017), anxiety,
and depression (Gotham et al., 2015; Rosen et al., 2018a). The male-to-female ratio within
the general ASD population is approximately 3—4:1 (Loomes et al., 2017), although in
cases with moderate to severe cognitive impairment, the male-to-female ratio is about 2:1
(Frazier et al., 2014; Werling & Geschwind, 2013). Prior research on term born children has
demonstrated ASD phenotypic differences between males and females (Frazier et al., 2014)
as well as between children who have a first degree familial relative with ASD (multiplex)
and those who do not (simplex) (Taylor et al., 2015), possibly related to differences in
genetic etiology between multiplex and simplex ASD (Leppa et al., 2016).

Preterm newborns are at high risk for neurological damage and developmental dysfunctions,
with those born extremely preterm (less than 28 weeks’ gestation) having the greatest
vulnerability (O’Shea et al., 2009). Previous studies have established that preterm birth is
associated with an increased risk of ASD, with a prevalence of approximately 6-7% among
those born extremely preterm (Agrawal et al., 2018; Crump et al., 2021; Joseph, O’Shea et
al., 2017). Prevalence of ASD in the extremely preterm population is several times greater
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than the 1-2% ASD prevalence within the general population (Christensen et al., 2019;
Crump et al., 2021), and ASD prevalence increases as gestational age decreases among
preterm children (Crump et al., 2021; Kuzniewicz et al., 2014; Xie et al., 2017). Preterm
birth is moderately heritable (Wadon et al., 2020), but like ASD is genetically complex
(Strauss et al., 2018). Although ASD has a large genetic component, many perinatal risk
factors have been identified, including preterm birth (Bai et al., 2019; Muhle et al., 2018).
Perinatal factors, such as maternal infection and inflammation, which are associated with
both preterm birth (Cappelletti et al., 2016) and increased ASD risk among term-born
children (Meltzer & Van De Water, 2017), possibly contribute to the relationship between
preterm birth and ASD. Placental and other prenatal abnormalities associated with preterm
birth may also increase the risk of ASD (Bokobza et al., 2018; Kratimenos & Penn, 2019).

Less is known about whether ASD symptoms present differently in preterm-born children
compared to term-born children. Previous studies have investigated ASD phenotypes in
term-born children compared to those born preterm, but these studies have generally
examined preterm individuals without distinguishing between gestational age or have
focused on late preterm (34 to 36 weeks’ gestation) individuals (Bowers et al., 2015;
Brayette et al., 2019; Chen et al., 2019; Luu et al., 2020). Additionally, because preterm
birth is associated with lower 1Q (Joseph et al., 2016; Kerr-Wilson et al., 2012), and lower
IQ tends to be associated with increased ASD symptom severity (Bishop et al., 2019; Bishop
et al., 2006; Mayes & Calhoun, 2011), 1Q differences may have confounded comparisons
between preterm and term-born children in prior studies.

In this study, our primary aim was to assess the pattern and severity of core ASD

symptoms between 10-year-old children born extremely preterm and at term, matched for
sex, spoken language ability, and nonverbal 1Q. Our secondary, more exploratory, aim

was to compare the same samples on ASD associated features. In addition, we conducted
sensitivity analyses to assess possible group phenotypic differences related to female sex and
familial multiplicity of ASD as well as parent report biases associated with level of maternal
education and the child having a prior ASD diagnosis.

METHODS

Participants

Extremely preterm ASD.—The Extremely Low Gestational Newborn (ELGAN) Study
is a prospective multicenter observational study of the risk of structural and functional
neurologic disorders in extremely preterm (EP) infants (O’Shea et al., 2009). From 2002—
2004, a total of 1,506 infants born before 28 weeks’ gestation were asked to enroll in the
study at 14 sites in 11 cities in 5 states (Connecticut, Illinois, Massachusetts, Michigan,
North Carolina). Of the 1,198 children who survived to age 10 years, 889 individuals
participated in a 10-year follow-up assessment conducted from 2012 to 2014. Of these
889 children, 26 were excluded from an assessment of ASD, 17 because of severe motor
impairment (non-ambulatory as measured by the Gross Motor Function Classification
System) and severe ID (unable to comply with or to achieve basal scores on the DAS-I1),
7 for functional blindness, and 2 for severe motor impairment, blindness, and ID combined.
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An additional 6 children did not complete the ASD assessment, resulting in a final sample of
857 children who were assessed for ASD.

Term ASD.—The Simons Simplex Collection (SSC) is a cohort of 2418 (304 females)
simplex children with ASD, recruited from community clinics across the U.S. from 2008 to
2011 (Fischbach & Lord, 2010) and who met diagnostic cutoffs for ASD on the ADI-R and
ADOS. Demographic and phenotypic data on SSC probands from age 9 to 12 years were
extracted from the SSC database, version 15.3 (released 8/6/2013). SSC exclusion criteria
included delivery at fewer than 36 weeks’ gestation (Simons Foundation Autism Research
Initiative, 2014).

Procedures for this study were prospectively approved by the institutional review boards of
all institutions participating in the ELGAN and SSC studies.

ASD symptom and IQ measures and procedures

Autism Diagnostic Interview-Revised (ADI-R).—The ADI-R is a semi-structured
diagnostic interview, in which the primary caregiver is asked about a child’s symptoms, both
currently and during early development (Le Couteur et al., 2003). Diagnostic algorithms
were used to calculate scores, based on “most abnormal” age 4 to 5 years or “ever”, in

three domains: Reciprocal Social Interaction, Verbal and/or Nonverbal Communication, and
Restricted and Repetitive Behaviors (RRB). ADI-R cutoffs for both the EP and term samples
were based on the slightly relaxed criteria Collaborative Programs for Excellence in Autism
(CPEA) classification criteria (Lord et al., 2012; Risi et al., 2006), which were calculated

as follows: meets autism cutoff for social and meets cutoff on either communication or
repetitive behavior; meets cutoffs for social and communication or meets cutoff for social
and within two points of communication cutoff; or meets cutoff for communication and
within two points of social cutoff or within one point of both social and communication
cutoffs.

Autism Diagnostic Observation Schedule (ADOS).—The ADOS is a well-validated
semi-structured observational assessment, in which a trained clinician interacts with the
child with developmentally appropriate play-based activities (Lord et al., 2009). ADOS
Module 1, 2, or 3 was administered based on the child’s spoken language level (no speech/
single words, phrase speech, fluent speech). Over the course of the ELGAN and SCC
studies, ADOS diagnostic algorithms were revised to the ADOS-2 algorithms (Gotham et
al., 2008) to yield separate and more comparable sums of item-level scores across Modules
1, 2, and 3 Social Affect (reflecting the DSM-5 social communication and interaction
symptom domain) and Repetitive and Restricted Behaviors (RRB). Calibrated severity
scores for SA and RRB were also calculated (Gotham et al., 2009; Hus et al., 2014). For
both the EP and term samples, we calculated calibrated severity scores for SA and RRB
using the revised ADOS-2 algorithms. None of the ADOS ASD classifications changed as a
result of using the ADOS-2 algorithms.

EP ASD Assessment: EP participants were first screened with the Social
Communication Questionnaire (Rutter et al., 2003), a parent-report questionnaire that
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screens for ASD symptoms. Participants who met a relaxed SCQ screening criteria score

of = 11 (n = 106) for individuals considered at high risk were administered the ADI-R.
Children who met ADI-R criteria for ASD were administered the Autism Diagnostic
Observation Schedule (ADOS). Two children (twins) who met ASD cut-offs on the ADOS-2
did not have ADI-R interview results. Nine children did not meet ADI-R criteria but were
assessed with the ADOS because of a parent-reported prior clinical diagnosis of ASD or
because the on-site psychologist observed ASD symptoms during the study visit. Four of
these children, all of whom were within one or two points of meeting a CPEA ADI-R
diagnostic classification, met ADOS-2 ASD cut-offs, and were included in the final sample
of 61. Of these 61 children, four were twin pairs. To reduce potential bias from familial
overrepresentation in the present study, one member from each twin pair was excluded from
analyses, resulting in a final EP ASD sample of 59.

Intellectual ability.—Intellectual ability (1Q) was assessed with the Preschool or the
School-Age Differential Ability Scales-11 (DAS-I1) Verbal (VIQ) and Nonverbal Reasoning
(NVIQ) scales (Elliott, 2007). SSC term participants included in the current study who
received ADOS Module 1 or 2 were tested “out of level” with the Preschool version

of the DAS-II, yielding age-equivalent but not standard 1Q scores. For these individuals,
age-adjusted nonverbal ratio 1Qs were calculated by averaging the Preschool DAS-I1 age-
equivalent Matrices and Picture Similarities subtest scores, dividing by the age of the child
in months, and multiplying by 100. Verbal ratio 1Q scores were similarly calculated based
on the Preschool DAS-I1 Verbal Comprehension and Naming Vocabulary subtest scores.
SSC term participants who were administered ADOS Module 3 were assessed with the
School-Age version of the DAS-II, from which standard scores were derived. Seven SSC
participants were missing VIQ data, 6 of 7 of whom were administered ADOS Module 1

or 2, indicating at most phrase speech at age 10. For these participants we substituted the
Peabody Picture Vocabulary Test (PPVT-4) from the SSC database for DAS-I11 VIQ. All
ELGAN participants were administered the School-Age version of the DAS-II regardless of
the ADOS Module (1, 2, or 3) they received. Verbal 1Q scores were not available for two EP
participants.

Sample selection.—Case-control matching was conducted using SPSS version 27.
ELGAN EP participants were randomly matched one-to-one to 397 SSC participants
between the ages of 9 and 12 years on sex, age, ADOS Module administered (reflecting
spoken language level), and nonverbal 1Q. For ADOS Module matching, participants who
received Modules 1 or 2 were matched as one group due to the low number of participants
who had received Module 2 in the EP sample. Participants who received Module 3 (fluent
speech) were matched with each other. The match tolerance for nonverbal 1Q was set to the
smallest value such that all ELGAN individuals were matched with an SSC individual.

Measures of associated characteristics

Gross motor delay/impairment.—For the EP sample, gross motor delay/impairment
was defined as having a score greater than 0 on the Gross Motor Function Classification
System (GMFCS) (Palisano et al., 2000) at age two years. A score of 0 on the GMFCS
indicates no limitations in walking or other lower extremity movements. GMFCS data were

Autism Res. Author manuscript; available in PMC 2024 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Joseph et al.

Page 6

missing for three EP participants. For the term sample, gross motor delay/impairment was
defined as inability to walk unaided by 24 months, based on ADI-R Item 5 “First walked
unaided”.

Speech/language development.—Delays in single word speech (> 24 months) and
phrase speech (> 33 months) for both EP and term samples were assessed based on ADI-R
Items 9 and 10, respectively.

Anthropometrics.—Anthropometrics were similarly measured in the EP and term cohorts
at age 10 years. Head circumference was taken as the widest occipital-frontal circumference,
to the closest millimeter (Chaste et al., 2013; McElrath et al., 2010). BMI values were
calculated as weight (in kilograms) divided by the square of height (in meters). Age- and
sex-adjusted z-scores for height, weight, and BMI with respect to CDC reference norms
were calculated using the CDC LMS method in Microsoft Excel (Centers for Disease
Control and Prevention & National Center for Health, 2009; Flegal & Cole, 2013). Head
circumference could not be converted to an age-adjusted z-score due to lack of CDC
reference data on head circumference after 36 months of age. Anthropometric data were
missing for one EP participant.

Seizure Disorder.—For the EP cohort, seizure disorder was identified with a validated
seizure screen followed by a structured interview with a study coordinator, then an open-
ended interview with a pediatric epilepsy specialist (Douglass et al., 2017). For the term
cohort, seizure disorder data were obtained via parent report on the medical history
interview. Parents reported whether the participant had a history of afebrile seizures: the
code “2” was used to indicate likely seizure disorder, and the code “3” was used to indicate
a clinical epilepsy diagnosis. Individuals with a code of “2” or “3” were considered to have
seizure disorder.

Psychiatric symptoms.—The Child Symptom Inventory - 4 (CSI-4) (Gadow & Sprafkin,
2002; Sprafkin et al., 2002) was used to assess parent-reported psychiatric symptoms in

the ELGAN EP cohort at age 10 years. The CSI-4 Combined ADHD T-score, including
symptoms of both inattention and hyperactivity/impulsivity, was used to screen for ADHD.
To assess anxiety symptoms, the average of T-scores on anxiety disorder, social phobia,

and separation anxiety was used. To assess depression symptoms, the average of T-scores
on major depressive disorder and dysthymic disorder was used (Moore et al., 2021). CSI-4
data were missing for three EP participants. For the SSC term cohort, parent-reported

age 10 symptoms on the Child Behavior Checklist (CBCL; Achenbach, 2001) yielded
CBCL T-scores on the DSM-oriented attention problems, anxiety problems, and affective
problems scales, which were used to assess ADHD, anxiety, and depression symptoms,
respectively. Higher scores on the CSI-4 and CBCL norm-referenced scales represent
higher levels of symptomatology. Prior research has demonstrated convergent and divergent
validity among the CSI-4 and CBCL ADHD, anxiety, and depression scales administered
(Gadow & Sprafkin, 2002; Sprafkin et al., 2002). T-scores from the CBCL and CSI-4 were
dichotomized as less than 65, indicating non-clinical or subclinical symptoms, and 65 or
greater, indicating clinically significant symptoms.
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Demographics and participant characteristics

Demographics.—Maternal age at birth, maternal marital status, maternal education, and
race/ethnicity were obtained from parent report (Table 1). Maternal education data were
missing for two EP participants and one term participant.

EP neonatal characteristics.—Among the 59 EP participants, 39 were male and 20
were female, yielding a male:female ratio of 2:1. Nine EP participants (15.3%) were born at
27 weeks gestational age, 25 (42.4%) at 25-26 weeks, and 25 participants (42.4%) at 23-24
weeks. The number of males and females in each stratum of gestational age did not differ
(X2 = 2.1, p = .35). Birthweight z-scores for gestational age were calculated as the number
of standard deviations above or below the median birthweight in a reference birthweight
sample (Yudkin et al., 1987). Being small for gestational age (or fetal growth restriction)

is considered as a birthweight z-score < 2. Eight participants (13.6%) had a birth weight
z-score < —2, six participants (10.2%) had a birth weight z-score between -2 and -1, and 45
participants (76.3%) had a birth weight z-score of —1 or higher. Detailed prenatal, perinatal,
and neonatal characteristics of the EP ASD sample are reported by Joseph, Korzeniewski, et
al., 2017.

Statistical analyses

RESULTS

Statistical analyses were conducted with SPSS version 27. T-tests and Pearson’s chi-square
tests were used to evaluate group differences for continuous variables and categorical
variables, respectively. In secondary analyses, ELGAN EP participants (n = 7) who were
multiplex (reported by parent at age 10 to have a sibling who also met diagnostic criteria
for ASD) were excluded, and their SSC term matches were also removed from the sample.
Analyses including only female participants (20 ELGAN cases and 20 SSC controls) were
conducted because of prior evidence of phenotypic sex differences in term-born children
with ASD (Frazier et al., 2014). Finally, analyses comparing ELGAN EP participants with
and without a prior diagnosis and different levels of maternal education were conducted.
Hypotheses were tested using an alpha of 0.05. Corrections for multiple comparisons were
not made to increase sensitivity to possible group differences. Cohen’s effect size (d) is
reported for all t-tests.

Maternal, demographic, and child neonatal and age 10 characteristics

At the 10-year follow-up, mothers of children in the EP sample had received less education
and were less likely to be married/partnered than mothers of children in the term sample
(Table 1). There were no group differences in maternal age at birth.

As expected, age and nonverbal 1Q did not differ between groups (Table 1). Notably,

mean group NVIQ was approximately 2 standard deviations below the normative mean.
From the EP and term samples, respectively, 25 and 24 out of 59 participants scored <

70 on nonverbal 1Q. From among the 20 females in each group, seven EP and six term
participants scored < 70 on nonverbal 1Q. Mean verbal I1Q was lower among EP relative to
term participants. Finally, 21 (36%) of the EP sample did not have a prior clinical diagnosis
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of ASD, whereas the term sample was recruited from community clinics based on having a
prior clinical diagnosis or having been referred for an assessment of ASD.

ASD symptoms

On the ADI-R (Table 2), among participants with sufficient spoken language to be
assessed for verbal communication, the EP group (n = 46) had significantly lower mean
scores than the term group (n = 51), reflecting decreased symptom severity. The ADI-

R verbal communication subdomain is comprised of items indicating failure to initiate

or sustain conversational interchange and stereotyped, repetitive, or idiosyncratic speech.
When these two subscores were analyzed separately, only stereotyped speech showed
significant group differences. Because there were five fewer EP participants with ADI-R
verbal communication data, we conducted follow-up analyses including only the 46 EP
participants with ADI-R verbal communication ratings and their 46 term control matches.
These analyses yielded similar results, with lower scores among the EP group (M = 3.0)
relative to the term group (M = 4.5) in the ADI-R stereotyped speech domain, t = 4.0,

p <.001, d =.8. The EP group also had significantly lower mean scores in the ADI-R
RRB domain. In contrast, there were no group differences in the ADI-R reciprocal social
interaction or nonverbal communication symptom domains. There were no group differences
on ADQOS-2 social affect or repetitive and restricted domain scores or calibrated severity
scores. In addition, group comparisons of those scoring in the mild, moderate, and severe
ranges on the ADOS CSS did not differ in social affect or RRBs scores (Supplementary
Table 3).

We conducted additional analyses to address the possibility that decreased stereotyped
speech among EP participants was due to lower (i.e., potentially insufficient) language
ability. In an ANCOVA covarying for ADI-R onset of phrase speech, F = 0.9, p = .34, group
differences in ADI-R stereotyped speech remained statistically significant, F = 46.7, p <.
001. Similarly, in an ANCOVA covarying for verbal 1Q, F= 2.9, p =.09, group differences
in ADI-R stereotyped speech remained statistically significant, F = 40.7, p < .001. Finally,
when scores for ADI-R Item 39 Verbal Rituals, potentially affected by language level, were
removed from the ADI-R RRB algorithm total, the difference between the EP (M = 4.4) and
term (M = 6.1) groups remained, t = 4.1, p < .001.

ASD associated features

A greater proportion of the EP group did not develop single-word speech until after 24
months and phrase speech until after 36 months, although a considerable proportion of the
term cohort also had delayed speech milestones (Table 3). There were no group differences
in delay of gross motor milestones at age 2 years. At age 10 years, the EP group had
significantly lower mean height and weight z-scores. There were no group differences in
BMI z-scores. The EP group had significantly smaller mean head circumference. There were
no group differences in the frequency of seizure disorders at the age of 10 years. There were
no group differences in the prevalence of ADHD symptoms. Among EP participants, 16.1%
exhibited clinical levels of anxiety, compared to 47.5% of the term sample. The EP group
also had a lower percentage of individuals who met the clinical threshold for depression
symptoms.
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Sensitivity analyses

Simplex probands only.—Secondary analyses were conducted excluding all multiplex
individuals (having a first-degree relative with ASD) from the EP sample, as well as their
term matches (Supplementary Tables 1 and 2). All significant group differences observed

in primary analyses were maintained in secondary analyses. No additional significant group
differences emerged.

Females only.—EP females had significantly lower ADI-R verbal communication scores
(Table 4). As with the overall sample, this group difference was primarily driven by a lower
score in the stereotyped language domain. Because there were four fewer EP participants
with ADI-R verbal communication data, we repeated the analyses including only the 15
EP female participants with ADI-R verbal communication ratings and their 15 female

term control matches. These analyses yielded similar results, with lower scores among EP
females (M = 2.1) relative to the term group (M =5.1) in the ADI-R stereotyped speech
domain, t(28) = 4.2, p <. 001, d = 1.5. EP females also had significantly lower ADI-R

RRB domain scores. There were no significant differences between EP and term females
on ADQOS-2 scores. EP females had significantly smaller average head circumference and
shorter height than term females (Table 5). All other comparisons between EP females and
term females showed no significant group differences.

Prior clinical diagnosis.—We conducted analyses to examine whether a prior clinical
diagnosis was associated with differences in ADI-R scores within the ELGAN EP group
(Table 6). The EP subgroup without a prior ASD diagnosis had lower nonverbal 1Q, and
lower ADI-R reciprocal social interaction, verbal communication, and RRB scores. When
the verbal communication subdomains were analyzed separately, only stereotyped language
showed significant differences.

Maternal education and marital/partnered status.—We also conducted analyses to
examine whether level of maternal education and marital/partnered status were associated
with differences in ASD symptoms on the ADI-R given the differences in these variables
between the EP and term ASD groups. Independent-samples t-tests conducted separately
for each group with maternal education (high school vs. further formal education) as the
independent variable did not show significant differences in ADI-R scores for reciprocal
social interaction, nonverbal and verbal communication, including the stereotype language
subdomain, or RRBs in either the EP or term groups. In addition, chi-square analyses of
associations between maternal education (high school vs. further formal education) and
meeting study criteria for ADHD, anxiety, or depression were not significant for either
group. Parallel analyses were conducted comparing mothers who were married/partnered
versus single, and all were similarly null.

DISCUSSION

We examined similarities and differences in ASD symptoms and associated characteristics
between children born extremely preterm and at term who were matched on age, sex,
spoken language and nonverbal 1Q. The EP and term groups showed similar symptom
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profiles via direct observation with the ADOS-2 at age 10 years and retrospective parent
report of early childhood symptoms in total group analyses, and analyses excluding
multiplex EP participants and including only females. The one exception was that parents
of EP participants reported fewer restricted and repetitive behaviors, including stereotyped
language, on the ADI-R. EP participants were more likely to be delayed in early speech/
language milestones and had decreased physical growth parameters at age 10 years.

ASD symptoms

Whereas the EP and term groups did not differ on ADOS-2 scores, based on direct clinical
observation at age 10 years, there were some differences between groups on retrospectively
parent-reported symptoms on the ADI-R. These differences were in parent-report of verbal
communication, specifically the use of stereotyped language, and in restricted, repetitive
behaviors, for which the EP group exhibited lower scores. A possible explanation for the
discrepancy in parent-report findings from the ADI-R and ADOS-2 clinical observation
findings is the difference in recruitment strategies between the ELGAN EP and SSC term
cohorts. SSC participants were recruited based on having a prior clinical diagnosis or
suspicion of ASD (Fischbach & Lord, 2010). In contrast, among ELGAN participants,
who were enrolled in the ELGAN Study at birth based on gestational age, only 64%
(n=38) had received a clinical diagnosis at age 10 years. Because ADI-R diagnostic
algorithm scores are based on whether the symptom was present at ages 4-5 or whether
the child had ever exhibited a given symptom, particularly stereotyped language and other
repetitive and restricted behaviors, parents of children with prior ASD diagnoses may have
been more primed to identify symptoms. We investigated this possibility and found that
parents of EP children were more likely to report these symptoms when their child had

a prior clinical diagnosis. Notably, EP participants without a prior clinical ASD diagnosis
scored significantly lower on NVIQ than those with a prior diagnosis. Given that lower

IQ is associated with medical conditions and more severe developmental and behavioral
difficulties in children with EP, these factors may have obscured the presence of restricted
and repetitive behaviors from parents’ and providers’ point of view. Although no group
differences in RRBs were found via direct ADOS-2 observation at age 10, the ADOS
provides a relatively limited sampling of RRBs. Thus, whether the EP ASD symptom
phenotype differs with regard to the presence of RRBs requires further investigation.

Differences in ASD symptomatology between term- and preterm-born children have
previously been explored in the literature, albeit with younger children. Furthermore,
previous studies have focused mainly on moderate to late preterm-born individuals. The lack
of differences on ADOS-2 domain scores is consistent with previous studies conducted with
children aged 2 years and 5 years (Chen et al., 2019; Luu et al., 2020). Brayette et al. (2019)
did not find differences in ASD symptomatology between term and moderate-to-late preterm
groups on clinician-report measures, but this study did not match groups on 1Q. Chen et al.
(2019) found significant differences only in ADI-R reciprocal social interaction, whereas we
found differences on the ADI-R in verbal communication, specifically stereotyped language,
and RRBs, but not in reciprocal social interaction.
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ASD associated characteristics

Significant differences were found in developmental speech/language milestones, physical
growth characteristics, as well as anxiety and depression symptoms. The EP sample had
greater rates of delayed acquisition of single word speech (> 24 months) and phrase speech
(> 33 months). However, the EP and term groups did not differ in rates of gross motor
delay/impairment at age 2. Findings on language and motor developmental milestones are
also consistent with previous literature. Among national cohorts of EP children, there are
greater rates of language and motor delays (Méansson & Stjerngvist, 2014; Serenius et al.,
2016). Although there were no differences in motor developmental delay prevalence, this
may be due to our use of a relatively gross measure of walking unaided at age 24 months
and indicates the need for more comprehensive and sensitive measures of motor function.

At age 10, the EP group had lower height z-scores, weight z-scores, and head circumference,
but the two groups did not differ on BMI z-scores. These group differences are consistent
with previous findings that heights and weights of EP-born children are consistently lower
than those of term-born peers from early childhood to late adolescence (Ni et al., 2021;
Roberts et al., 2013). Mean differences in raw HC were similar to those reported for

a UK cohort of children born extremely preterm (Ni et al., 2021). The difference in

raw HC corresponded to a z-score difference of 1.05 standard deviations, based on UK
normative data (Ni et al., 2021). However, it should be noted that while head circumference
is positively associated with neurodevelopmental outcomes within the general population
(Jaekel et al., 2019), larger head circumference is associated with greater ASD symptom
severity among individuals with simplex ASD (Chaste et al., 2013).

The EP and term groups did not differ on assessments of seizure disorder or ADHD
symptoms. These results did not change when EP multiplex individuals and their term
matches were excluded. Children and adolescents with ASD are known to be at increased
risk for seizure disorder. Compared to a prevalence of 0.6—-1% within the general population,
between 2-26% of individuals with ASD have a co-occurring seizure disorder (El Achkar &
Spence, 2015; Robertson et al., 2015). In particular, individuals with co-occurring ASD and
ID are at greater risk for seizure disorder, although it should be noted that ID alone also is a
risk factor for seizure disorder (El Achkar & Spence, 2015; Jokiranta et al., 2014).

Previous studies have estimated that between 40-70% of children and adolescents with ASD
have co-occurring ADHD (Antshel & Russo, 2019; Levy et al., 2010; Supekar et al., 2017).
Whereas the EP and term groups had similar rates of ADHD symptoms, the term group had
higher rates of depression and particularly anxiety symptoms than the EP group.

One possibility is that the CBCL, which was used to assess psychiatric symptoms in the SSC
term group, was more sensitive to anxiety and depression symptoms than the CSI-4, which
was used to assess psychiatric symptoms in the ELGAN cohort. Prospective research using
the same measures to assess co-occurring psychiatric symptoms and disorders is needed

to inform diagnostic assessment and remediation of ASD in preterm as well as term born
children (Rosen et al., 2018).
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Results from female-only analyses were also similar to findings from the total sample.
Differences in ADI-R verbal communication and repetitive and restricted behavior domains,
height z-scores, head circumference, and anxiety symptoms persisted from the primary
analyses. However, in contrast to primary and simplex-only analyses, there were no
differences in speech developmental milestones, weight z-scores, or depression symptoms.

Study strengths and limitations

Strengths of this study include use of gold-standard ASD diagnostic assessments, the ADI-R
and ADQOS-2, as well as matching on multiple potential confounders, including age, sex, and
nonverbal 1Q. Although the sample size of this study was relatively small, it was larger or
similar to previous studies (Bowers et al., 2015; Brayette et al., 2019; Chen et al., 2019; Luu
et al., 2020) that investigated ASD phenotypes in children born preterm versus born at term.
There is a possibility that some of the null findings in the female-only analyses resulted from
decreased statistical power from reduced sample size.

A weakness of this study was that half of the EP participants with ASD had 1Qs in the
impaired range, given their extremely low gestational age, limiting the generalizability of
our findings to ASD individuals born less preterm. Additional weaknesses included the
lack of matching for maternal education, married/partnered status and race and the use of
different measures to assess the ELGAN EP and SSC term cohorts for ASD associated
characteristics, including motor milestones, seizure diagnosis, and psychiatric symptoms.
Finally, estimation of familial ASD multiplicity differed between groups.

CONCLUSIONS

EP- and term-born children showed similar ASD symptom profiles, apart from parent-
reported repetitive and restricted behaviors, which were less frequent among EP participants,
although there were no group differences in restricted and repetitive behavior observed
directly at age 10 years. Differences in associated characteristics included relatively delayed
speech/language milestones and decreased physical growth parameters at age 10 years
among EP-born individuals, which are both relatively common among EP-born individuals.
Our findings indicate that children born extremely preterm are at risk for standardly defined
ASD that is highly similar to that found among their term-born peers and have both clinical
and research implications. First, children born preterm require enhanced surveillance and
remediation of ASD-related behaviors. Second, evidence indicates potential overlap in
genetic and environmental risk factors for preterm birth and ASD. The confluence of these
factors will only be detectable in large samples that include the entire range of children born
preterm.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Maternal demographics and age 10 characteristics of EP and term born children

Table 1.

EP Term t, X2
(n=59) (n =59) p
Maternal demographics
Maternal age, years at birth | M=30.4 (SD=5.9) M=30.7 (SD=5.0) t= 07.’;
Maternal education at age 10
< 12 (high school) 28 (49.1%) 12 (20.7%) X2=10.7
>12, <16 8 (14.0%) 16 (27.6%) p=.005
> 16 (= college) 21 (36.8%) 30 (51.7%)
Maternal marital status at age 10
Single 22 (37.3%) 8 (13.6%) X2=88
Married/partnered 37 (62.7%) 51 (86.4%) p=003
Racial identity
White 36 (61.0%) 46 (78.0%) X2=138
Black 18 (30.5%) 3 (5.1%) p =008
Asian 2 (3.4%) 4 (6.8%)
Native American 0 (0%) 0 (0%)
Mixed 2 (3.4%) 3(5.1%)
Not identified 1(1.7%) 3(5.1%)
Hispanic
Yes 4 (6.8%) 9 (15.3%) X2=23
No 55 (93.2%) 50 (84.8%) p=-14
Child characteristics at age 10 years
Child age M=10.0 (SD=0.7) | M=10.0(SD=0.6) | t=03
p=.81
Nonverbal 1Q M=70.4 (SD=25.9) | M=72.3(SD=235) | t=04
p=.68
<55 15 (25.4%) 12 (20.3%) X2 =55
55-69 10 (16.9% 12 (20.3%) p=91
70-84 16 (27.1%) 17 (28.8%)
>85 18(30.5%) 18(30.5%)
Verbal 107 62.6 (28.5) 74.8 (SD=21.5) ; - 11%
<55 24 (42.1%) 19 (32.2% X2=25
55-69 8 (14.0%) 6 (10.2%) p=52
70-84 11 (19.3%) 14(23.7%)
>85 14 (24.6%) 20( 33.9%)

1 . .
Two EP participants were missing verbal 1Q scores
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Autism symptom scores for EP and term born children with ASD

Table 2.

n

Social Communication
ADI-R reciprocal social interaction 57
ADI-R nonverbal communication 57
ADI-R verbal communication 46
ADI-R social initiation 46
ADI-R stereotyped speech 46
ADOS-2 module 1/2 social affect 18
ADOS-2 module 3 social affect 41

ADOS-2 social affect calibrated severity 59
Restricted and repetitive behaviors (RRB)

ADI-R RRB total 57
ADOS-2 module 1/2 RRB total 18
ADOS-2 module 3 RRB total 41
ADOS-2 RRB calibrated severity 59

EP

Mean

20.2
9.1
6.4
33
3.0

14.0

10.9
7.5

48
51
3.4
7.8

SD

7.2

41
2.5
1.2
1.8
3.9
46
2.1

2.9
2.1
1.9
2.0

59

59
51
51
51
18
41
59

59
18
41
59

Term

Mean

10.0
8.1
3.7
4.4

13.8
9.7
7.4

6.9
5.1
35
8.0

53

3.0
2.0
0.7
17
3.9
3.1
1.6

23
1.9
1.6
1.7

1.3

1.4
3.9
2.0
4.0
0.2
14
0.3

4.2
0.1
0.4
0.7

21

.18
<.001
.055
<.001
.83
.16
77

<.001
.93
.70
.52

0.2

0.3
0.8
0.4
0.8
0.1
0.3
0.1

0.8
0.03
0.1
0.1

1 . .-
Two EP participants were missing ADI-R scores
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Table 3.

Associated characteristics of EP and term born children with ASD

EP Term tor X2
(n=59) (n=59) p
Single words > 24 months
Yes 39 (67.4%) 25 (42.4%) X2=8.0
No 18 (31.6%) 34 (57.6%) p=.005
Phrase speech > 33 months
Yes 49 (86.0%) 40 (67.8%) X2=54
No 8 (14.0%) 19@22w) P02

Gross motor delay/impairment at age 2!

VYes 11 (19.6%) 6(10.3%)  X2=1.9
=1
No 45 (80.4%) 52 (89.7%) p=.16
2

Anthropometrics at age 10 years

Head circumference, raw  52.4 (SD=3.0) 54.4 (SD=2.2) t=4.0

p <.001
Height z-score -0.5(SD=1.1) 0.3(SD=1.1) t=37
p <.001
Weight z-score -0.1(SD=1.6) 0.5(SD=1.2) t=24
p =.020
Body mass index z-score 0.1 (SD=1.6) 0.4 (SD=1.3) t=12
p=.23
Seizure disorder at age 10
Yes 8 (13.6%) 4 (6.8%) X2=15
No 51(86.4%)  55(932%) P22
Psychiatric symptoms at age 103
ADHD
T265 20 (35.7%) 23(39.0%)  X2=0.1
T<65 36 (64.3%) 36 (61.0%) p=.12
Anxiety
T265 9 (16.1%) 28 (47.5%)  X2=13.0
T<65 47 (83.9%) 31(525%) P 001
Depression
T265 10 (17.9%) 21(35.6%)  X2=46
T<65 46 (82.1%) 38 (644%) P 032

1 . . .

Two EP participants were missing ADI-R spoken language milestone data
2 - . I

One term participant was missing data on gross motor delay impairment
3 - L .

One EP participant was missing anthropometric data

4 - . -
Three EP participants were missing data on the CSI-4 screener for psychiatric symptoms
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Table 4.

Autism symptom scores for EP and term born females with ASD

Age

Nonverbal 1Q

Verbal IQJ

Social Communication

ADI-R reciprocal social interaction

ADI-R nonverbal communication

ADI-R verbal communication
ADI-R B2 social initiation
ADI-R B3 stereotyped speech

ADOS-2 module 1/2 social affect

ADOS-2 module 3 social affect

ADOS-2 social affect calibrated severity
Restricted and repetitive behaviors (RRB)

ADI-R RRB total

ADOS-2 module 1/2 RRB total
ADOS-2 module 3 RRB total
ADOS-2 RRB calibrated severity

n
20

20
19

19
15
15
15

16
20

EP
Mean

10.0

72.1
65.7

18.5
7.7
53
3.2
2.1

115

10.4
7.1

35
6.5
3.1
75

24.7
31.2

8.0
4.4
2.6
13
18
55
45
2.4

25
1.0
2.1
2.7

20
20
19
19
19

16
20

20

16
20

Term
Mean

10.1

74.1
72.2

20.6
9.7
8.7
3.8
4.9

11.0

10.6
7.4

6.5
4.0
3.3
7.7

SD
0.6

215
26.2

5.6
3.1
2.1
0.4
1.9
4.8
3.6
1.8

22
2.0
1.8
1.6

0.4

0.3

1.0
1.6
42
1.7
43
0.1
0.2
0.5

3.9
2.2
0.4
0.4

.70

.79
49

.34
12
<.001
12
<.001
.90
.86
.61

<.001
.067
72
.73

0.1

0.09
0.3

0.3
0.5
15
0.6
15
0.1
0.06
0.2

13
1.6
0.1
0.1

1 - -
One EP participant was missing verbal 1Q score

2 - .
One EP participant was missing ADI-R scores
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Associated characteristics of extremely preterm and term born females with ASD
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EP Term tor X2
(n=20) (n=20) p
Single words > 24 months? X2=3.2
p=.075
Yes 13 (68.4%) 8 (40%)
No 6 (31.6%) 12 (60%)
Phrase speech > 33 months X2=16
=.20
Yes 15 (79.0%) 1260%) "
No 4(21.1%) 8 (40%)
Gross motor delay/impairment at age 22 X2 = g93
p=.
Yes 2 (10%) 3 (15.8%)
No 18 (90%) 16 (84.2%)
Anthropometrics at age 103
Head circumference, raw 51.7(SD=2.3) 535(SD=2.2) t=26
p=.013
Height, z-score 0.5(SD=0.9) 0.4 (SD=1.3) t=26
p =.014
Weight, z-score 0.06 (SD=1.4) 0.2(SD=1.2) t=0.7
p=.51
Body mass index, z-score 0.3(Sb=15) 0.2(Sb=1.0) t=0.07
p=.95
Seizure disorder at age 10
Yes 3 (15%) 3 (15%) X2=0
p=1.00
No 17 (85%) 17 (85%)
Psychiatric symptoms at age 10
ADHD
T=65 9 (45%) 12 (60%) X2=009
T<65 11 (55%) 8 (40%) p=.34
Anxiety
T=65 3 (15%) 10 (50%) X2=56
T<65 17 (85%) 1060w PO
Depression
T=65 5 (25%) 8 (40%) X2=1.0
T<65 15 (75%) e P

1 - . .
One EP participant was missing ADI-R spoken language milestone data

2 - o N
One term participant was missing data on gross motor delay/impairment

3 . .. .
One EP participant was missing anthropometric data

Autism Res. Author manuscript; available in PMC 2024 March 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Joseph et al.

IQ and ASD symptom measures for extremely preterm children with and without prior ASD diagnosis

Table 6.

Nonverbal 1Q

Verbal 104

Social Communication

ADI—RZreciprocaI social interaction
ADI-R nonverbal communication
ADI-R verbal communication

ADI-R B2 social initiation

ADI-R B3 stereotyped speech
ADOS-2 module 1/2 RRB total
ADOS-2 module 3 RRB total
ADOS-2 RRB calibrated severity

Prior diagnosis

n
38
36

36

36
30
30
30
12
26
38

Restricted and repetitive behaviors (RRB)

ADI-R RRB total

ADOS-2 module 1/2 RRB total
ADOS-2 module 3 RRB total
ADOS-2 RRB calibrated severity

36
12
26
38

Mean SD
753 269
659  30.6
22.1 6.5
9.6 4.1
7.0 2.2
3.5 1.0
35 17
13.7 3.8
115 5.0
7.6 2.3
5.6 2.7
5.2 2.2
3.6 17
8.1 19

No prior diagnosis

n
21
21

21
21
16
16
16

15
21

21

15
21

Mean
61.5
56.9

8.2
5.1
29
2.1
14.8
9.9
7.3

35
4.8
2.9
7.3

SD
21.7
23.9

7.3

4.0
25
13
1.6
44
3.8
18

2.8
1.9
2.1
2.2

t

2.0
1.2

2.8

1.3
2.7
1.7
2.7
0.6
1.0
0.5

2.7
0.3
11
13

.049

.25

.007

.22

.009

13

.010

.56
31
.65

.009

.76
.27
19

0.5
0.3

0.8

0.3
0.8
0.5
0.8
0.3
0.3
0.1

0.7
0.2
0.4
0.4

1 - .
Two participants were missing verbal 1Q scores

2 - o
Two participants were missing ADI-R scores
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