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Abstract

Background: The objective was to determine whether infant neurobehavior measured at five
post-gestational weeks could predict social and communicative behavior (SCB) through five and
eight years.

Methods: Infant neurobehavior was assessed using the Neonatal Intensive Care Unit Network
Neurobehavioral Scale, and SCB was measured using the Social Responsiveness Scale (SRS).
Adjusted linear regression with generalized estimating equations were employed to estimate the
association between infant neurobehavior and SCB. Interaction terms and stratification were used
to identify potential effect modification by autism spectrum disorder risk factors.

Results: The analyses include 7= 214 and = 227 participants who were examined at 5

weeks and followed to 4/5 and 8 years, respectively. Adjusting for maternal age, race, parity,

and education as well as gestational age, only the Neonatal Intensive Care Unit Network
Neurobehavioral Scale summary score of “attention” (measured at mean 43.9 gestational weeks)
was inversely associated with total SRS T-score through 5 years. However, in analyses stratified
by maternal age, the inverse association between “attention” and SCB was significant, but only
among offspring of women of advanced maternal age (=35 y); in addition, higher scores of
“excitability,” “lethargy,” and “arousal”” were associated with increased total SRS T scores among
women of advanced maternal age. The associations were no longer statistically significant at 8
years.

Conclusions: Newborns with lower scores on the attention subscale (determined by an ability to
localize and track animate and inanimate objects) were more likely to demonstrate deficits in SCB.
In addition, infants with increased excitability, lethargy, or increased arousal were more likely
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to have impaired SCB that persisted through 5 years, but not at 8 years of age. Further work is
necessary to identify specific aspects of infant neurobehavior that may affect childhood SCBs.
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Infant neurobehavior; social and communicative behavior; longitudinal

Introduction

Developmental delays and disabilities affect around 13-15% of children in the United
States (Boyle et al., 2011; Centers for Disease Control and Prevention, 2014; Rosenberg,
Zhang, & Robinson, 2008). Autism spectrum disorder (ASD) alone is now estimated to
affect around 1 in 68 children in the United States, and the number of diagnosed cases
continues to rise (Centers for Disease Control and Prevention, 2014). Capturing impairments
early in development is crucial for initiation of behavioral interventions. Although having

a developmental disability may present life-long challenges in social interaction and
eventual independence, evidence suggests that early and intensive intervention can lead

to substantially better developmental outcomes (Barnett, 2011; Myers & Johnson, 2007;
Spittle, Orton, Doyle, & Boyd, 2007). Due to the timing of neural development and

brain plasticity, early intervention provides the greatest possibility for optimal social skill
development (Dawson & Zanolli, 2003), and early detection of infants at risk for ASD and
other developmental disabilities may offer opportunities to intervene and alter the course of
early brain development (Dawson, 2008).

The importance of stability and prediction of infant characteristics to later child development
has been reviewed extensively by Bornstein (2014). Although development is often
described by maturation and other forms of change, certain characteristics may be stable
over time. Heterotypic stability (also referred to as “predictive validity”) exists when two
related, but not identical characteristics sustain a rank order between two time points. If
heterotypic stability exists between two constructs, measurements taken in infancy can

be used to predict later related traits. Also reviewed is the vast literature that exists
describing infant factors associated with later development of communication and social
development; however, few studies assess infant behavior less than three months of age
(Bornstein, 2014). Although a broad literature describing autistic symptoms among high
risk siblings (children of parents who have one or more children previously diagnosed with
ASD) (Rogers, 2009) also exists, it is unclear whether these findings are generalizable to
normal risk infants and children. Several studies have evaluated the association between
Apgar score and association with later autism. A recent systematic review of the literature
identified suboptimal 5-min Apgar scores (<7) as a risk factor for autism (Guinchat et

al., 2012). However, the Apgar score is a measure of tolerance to the birthing process

as well as adjustment outside the womb and was not developed to make predictions of
later child development. Therefore, prediction may be limited to select ASD etiologies

or more severe cases. Other work has evaluated the predictive ability of comprehensive
neonatal assessments on later cognitive outcomes (Canals, Hernandez-Martinez, Esparo, &
Fernandez-Ballart, 2011; Domsch, Lohaus, & Thomas, 2009); however, associations with
neonatal assessments and later social and communicative behaviors (SCBs) is limited. Our
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goal was to determine whether newborn neurobehavioral assessments can identify children
who are at risk for social and communicative neurodevelopmental outcomes in an unselected
(low-risk) population. The objective of the present study was to determine whether a direct
measure of infant neurobehavior, which includes measurements of individual domains of
neurobehavior and has been associated with later developmental outcomes, may predict later
SCB. To capture SCB in a low-risk population, we employed the Social Responsiveness
Scale (SRS) (Constantino & Todd, 2003). The SRS is an instrument that was developed

to measure the social aspects of ASD. SCB is best conceptualized as a spectrum of

language and social dysfunction, rather than a “present” or “absent” diagnosis. Therefore,

a quantitative scale, such as the SRS, appropriately captures the continuum of social and
communicative impairment. The SRS is a valid and reliable instrument, and it provides a
quantitative measure of severity of SCB. Of particular relevance to the present analyses

is the capability of detecting symptoms below the threshold for diagnoses of an ASD
(Constantino & Todd, 2003). Although it would also be of interest to associate infant
neurobehavior to a diagnosis of ASD, due to the low prevalence of ASD, the efficiency
would be greatly reduced in a longitudinal analysis.

The Neonatal Intensive Care Unit (NICU) Network Neurobehavioral Scale (NNNS) was
designed to assess multiple aspects of neurobehavior in normal and at-risk infants (Lester,
Tronick, & Brazelton, 2004). Prior studies identified statistically significant associations
between NNNS profiles and developmental outcomes measured at 1, 3 (Sucharew, Khoury,
Xu, Succop, & Yolton, 2012), and 4.5 years (Liu et al., 2010); however, questions remain
regarding the relationship between NNNS performance and later development of certain
autistic features, specifically the core social deficits that distinguish ASD.

Our hypothesis was that neurobehavior in 4-5-week-old infants, measured using the NNNS,
can predict interpersonal behavior, communication, and repetitive behaviors at ages 4, 5, and
8 years. In addition, prediction may be stronger among women who have risk factors for
social impairment. Both maternal depression (Daniels et al., 2008) and advanced maternal
age at conception are risk factors for having a child with ASD (Shelton, Tancredi, &
Hertz-Picciotto, 2010). We therefore determined whether the association between infant
behavior and SCB was stronger among mothers who were =35 years of age or those who
had experienced depression in pregnancy.

Study Participants

Analyses were conducted within the Health Outcomes and Measures of the Environment
(HOME) Study, a prospective birth cohort from the greater Cincinnati, Ohio metropolitan
area. Details of HOME Study enrollment and study procedures have been described in

detail previously (Braun et al., 2016). Briefly, the study was designed to determine the
contribution of low-level environmental chemical exposures to child health and development
(Dietrich et al., 2005). Healthy women were enrolled during pregnancy (16-19 weeks)
between March 2003 and January 2006. Of the 468 enrolled women, 389 remained in the
study and delivered live singleton infants. Medical records were obtained in the delivery
hospital to complete chart reviews for both mother and infant. Home visits were conducted
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at approximately five weeks and annually through age three. Standard questionnaires

were used to assess exposure to environmental chemicals, nutritional intake, medical
history, respiratory health, development, behavior, supervision practices, and residential
injuries. Clinic visits were completed annually through age five and again at age eight to
administer developmental assessments and to collect anthropometrics, biologic specimens,
and parent surveys. Institutional review boards of all the research institutions, hospitals, and
laboratories that were involved approved the study protocol. Written informed consent was
obtained from each participant.

Infant Neurobehavior

Infant neurobehavior was measured using the NNNS (Lester et al., 2004). The NNNS
measures three primary components of neurobehavior:

. CNS integrity and neurological functions, such as active and passive tone and
primitive reflexes;

. Infant behavior to assess neurologic states as well as sensory and interactive
responses; and

. Signs of stress that can manifest as overt or subtle signals during the course of
the examination.

The exam draws on previous validated infant examinations (in particular, the Neonatal
Behavioral Assessment Scale; Brazelton, Nugent, & Lester, 1987), but has had a
standardized administrative format developed to minimize the effect of the examiner from
the assessment, providing a greater focus on the infant, rather than the infant-examiner
relationship (Lester et al., 2004). There are 115 individual test items. Summary scores

were developed using a combined conceptual and statistical approach to aggregate scores
from the individual NNNS items to describe 13 dimensions of neurobehavior: habituation,
attention, arousal, self-regulation, special handling required to acquire orientation items
(from this point on referred to as “handling”), movement quality, excitability, lethargy,
non-optimal reflexes, asymmetrical reflexes, hypertonicity, hypotonicity, and signs of stress.
For all subscales, higher scores reflect a greater tendency toward that dimension regardless
of whether it is a positive or negative trait. Although the exam was developed for high-risk
infants, it is appropriate for all infants regardless of risk for neurobehavioral deficits (Lester
et al., 2004). The NNNS exam can be administered to infants at 32—-48-weeks gestational
age. In the HOME Study, the NNNS was administered during a home visit at 4-5 weeks
after delivery. The approximately 30-min exams were completed by examiners trained and
certified to a reliable standard. Eighty-nine percent of the time, the exams were performed
in a room separated from the mother. In all instances, examiners insured distractions were
minimized (Yolton et al., 2011).

Autistic Behaviors

Autistic behaviors were measured with the SRS completed by mothers during the 4, 5-, and
8-year—study clinic visits. The 65-item Likert scale is completed in 10-15 min. Raw scores
are summarized and transformed into a standardized T score (with a mean of 50, SD of
10). A higher score indicates more ASD symptomology. In addition to the total measure
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of social deficits, subscales and the associated T scores are provided to describe social
awareness, social cognition, social communication, social motivation and restricted interests,
and repetitive behavior.

Statistical Analysis

Results

Baseline characteristics and NNNS summary scores were summarized, using means and
SDs of continuous variables and the number and percent for categorical variables, and were
presented for three groups:

. All participants who had received the NNNS assessment,

. Participants who had had the NNNS assessment plus those who had had the SRS
at ages 4 or 5 years (grouped together given the close temporal proximity), and

. Those participants who had had the NNNS and SRS measures at 4, 5, or 8 years.

Means and SDs were used to summarize total and domain-specific SRS raw scores at

4, 5, and 8 years. Associations between NNNS summary scores and total and subscale
SRS standardized T scores were estimated with generalized linear regression models with
generalized estimating equations to address correlation of the repeated measures of the
SRS outcomes. We considered the following potential confounding variables: birth weight
(grams), race category (black, white, other), parity (nulliparous, 1 prior birth, >1 prior birth),
maternal education (>, < = high school education), and maternal age at infant delivery
(years). The models additionally adjusted for the gestational age at the time of NNNS
assessment (weeks) to account for both gestational age at birth and actual age at exam. As
a secondary analysis, we examined the association between NNNS scores and an SRS total
T score = 60 (a T score of 6075 is interpreted as representing mild to moderate autistic
symptoms). We explored potential effect modification with known risk factors for ASD,

in particular maternal depression (Beck depression inventory of =19; moderate or severe
depression) or <19; mild or minimal depression), and advanced maternal age (=35 or <35
years), using interaction terms and stratification.

Among the 355 mothers whose singleton infants had the NNNS completed at 4-5 weeks,
214 also completed the SRS at 4 or 5 years, and 227 completed the SRS at 8 years. The
results of the SRS across years were significantly (p value < 0.001) correlated (between
years 4 and 5 r=0.69, between years 4 and 8 r= 0.66 and between years 5and 8 r=

0.72). Nine of the 13 NNNS summary scales were available for the present analysis. The
habituation scale must be completed when the infant is sleeping and was omitted from our
analysis as in previously published analyses (Sucharew et al., 2012; Yolton et al., 2009).
Low variability of scores for scales measuring asymmetrical reflexes, hypertonicity, and
hypotonicity resulted in their omission from the analysis. Baseline characteristics and mean
NNNS summary scores with SDs are shown in Table 1 for the infants who completed the
NNNS (7= 355) and for the two analytic populations (4 or 5 years, n=214; 4, 5, or 8 years,
n=227). All characteristics and scores were comparable between groups. In addition, means
and SDs were very comparable to an independent study of healthy newborns assessed using
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the NNNS (Fink, Tronick, Olson, & Lester, 2012). Note that normative data have not been
published for healthy infants at age 4-5 weeks, even though this is the typical time period
for application of the assessment in the literature. Means and SDs of raw SRS scores are
presented in Table 2.

Results through Year 5

Following adjustment for maternal age at delivery, birth weight, race category (black, white,
other), parity, gestational age at NNNS exam, and maternal education (= or < a high school
education), we found that lower scores for NNNS attention were associated (borderline
significance) with higher (more autistic) total SRS T scores at 4 or 5 years = -0.75 (p
value = 0.06; Table 3). Lower attention was also significantly associated with higher SRS
scores on social awareness, social communication, and mannerisms subscales. The mean
(SD) attention scores for individuals with a SRS total T score = 60 and <60 were lower than
the attention scores for children with total T scores <60, 5.1 (1.4) vs. 5.4 (1.4), data not
shown. In addition, the odds ratio (OR) describing the association between “attention” and
total SRS T score =60 was OR = 0.69 (95% CI: 0.54, 0.89), suggesting higher odds of a high
SRS T score (=60) with decreasing scores on the “attention” subscale of the NNNS.

The associations between the NNNS summary scores and SRS total T scores at 4 or 5 years
did not differ by moderate to severe maternal depression (=19 vs. <19 on baseline Beck
Depression Inventory), but did vary by maternal age at delivery (Table 4). For the subset of
children who were born to women that were 35 years and older at the time of delivery (n

= 31), the association between the lower attention summary score and higher SRS total T
scores was stronger and statistically significant (8= -2.1 (p value = 0.02) for older mothers
versus for mothers <35 years at delivery (8 =-0.23 (p value = 0.63). Additional significant
associations were observed only among older women for the summary scales describing
excitability, lethargy, and arousal (borderline, p= 0.05), all positively associated with SRS
total T score and regulation which was negatively associated. Finally, lower regulation
scores were associated with higher SRS total T scores, although with borderline statistical
significance.

Results through Year 8

In analyses that additionally included SRS scores measured at 8 years, the association
between infant attention and SRS Total T score was attenuated, though the direction of the
association remained consistent (8= -0.60 (p value = 0.12). No other NNNS subscales were
significantly associated with SRS total T scores through 8 years in the adjusted models. As
with the main effects, although a similar pattern remained at 8 years, the associations were
no longer statistically significant.

Discussion

In this study of early infant neurobehavior and the association with SCB at 4, 5, and 8 years
of age, we identified an inverse association between a measure of infant attention and overall
SCB as well as specific subscales of social awareness, communication, and mannerisms

at 4 or 5 years among women of advanced maternal age; however, the associations were
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no longer statistically significant through 8 years. We observed a stronger, and statistically
significant inverse association at 4 or 5 years among children born to women who were of
advanced age at the time of delivery (=35 years). In addition, among this subset of children,
three additional aspects of infant neurobehavior—excitability, lethargy, and arousal—were
significantly associated with later SCB. As with the main effects, the effect modification by
maternal age was no longer significant through 8 years.

The NNNS attention summary scale is a measure of the ability to localize and track animate
and inanimate objects (Liu et al., 2010). Impairment in attention is widely recognized among
children who have ASD, beginning with the original report by Kanner describing symptoms
of inattention and hyperactivity (Kanner, 1943). The exact nature of the relationship between
attention and ASD is unclear. A lack of joint attention has been recognized as a feature

of young children who are diagnosed with or develop ASD. On attention tasks, such as
orienting to auditory stimuli, children with ASD perform poorer when the stimuli are

social in nature (Dawson, Meltzoff, Osterling, Rinaldi, & Brown, 1998). These associations
have also been observed in infants one year of age and younger. In a study comparing first-
birthday-party videos of children who were typically developing and those later diagnosed
with ASD, impairment in joint attention was one of the three general areas that differed
between groups (Osterling & Dawson, 1994). A similar study determined that children with
ASD less frequently orient (attend) to their name (Werner, Dawson, Osterling, & Dinno,
2000). Similarly, toddlers and young children with ASD show preferences for attending to
geometric objects versus social scenes during eye-tracking studies. For example, Shic et

al. observed that toddlers with ASD, when shown videos with social interaction scenes,
focused more on objects in the background and gave less attention to the social interaction
compared with typically developing children and children with non-ASD developmental
delays (Shic, Bradshaw, Klin, Scassellati, & Chawarska, 2011). These observations are
somewhat consistent with our overall observation that decreased attention is associated with
higher SRS scores. Contrary to our findings, some studies have reported superior attentive
skills among individuals with ASD (Grant & Davis, 2009). Because this was a normal

risk population and did not specifically include children with ASD, we were limited in

our ability to observe more subtle associations or any differences between orientations to
animate versus inanimate stimuli.

Although no other associations between NNNS and SRS at 4 or 5 years reached statistical
significance in this sample, the directions of the non-significant associations were most
often consistent with our a priori beliefs. For example, increased NNNS excitability and
handling (special handling required to acquire orientation items) were positively associated
with higher total SRS T scores, whereas increased regulation was associated with lower total
SRS T scores.

When modeled through year 8, the modest association between infant attention at 5
weeks and SRS total scores at 4 or 5 years did not remain. We are unsure what might
explain this attenuation in the association. It is important to note that these analyses were
conducted within a low risk population in which behaviors may be less overt and exhibit
more plasticity across time. One future direction for this work is to determine whether
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neurobehavior among high risk infants may be more strongly associated with later SCB and
whether that association may sustain over time.

Among children born to women of advanced maternal age (=35 years), we observed an
association between attention and SRS total scores at 4 or 5 years that was not statistically
significant among women < 35 years. We also observed a significant association between
both lethargy and arousal during infancy and later developing SCB. Although together
these findings seem counter-intuitive, as lethargy and arousal seem to be contradictory
responses, one explanation is that they represent a general mode of inappropriate reaction
to stimuli. The response to stimuli may manifest as an over- or under-reaction. In fact,

this finding is concordant with a prior study that evaluated infant home movies of children
later diagnosed with autism (Adrien et al., 1991). In this study, the authors observed either
elevated excitability or greater passivity among children who would later develop autism.
As with the association between attention and SRS scores, these associations did not remain
statistically associated with SRS T scores through 8 years.

Although we found no additional statistically significant results, the majority of associations
were observed in the direction that we hypothesized a priori. For example, greater
excitability, higher stress response, more lethargy, and greater need for handling to complete
the exam were all positivity associated with more SCB impairment at 4, 5, and through

8 years, whereas lower attention, poorer quality movements and reflexes, and poorer
regulation were also non-statistically significantly associated with higher SCB. Again, it

is likely that because this was not a sample with ASD, and because the sample size was
relatively small, we were unable to observe statistically significant associations because

the effects were subtle. Similar analyses within a high risk population (for example, infant
siblings of children with ASD) may provide additional insight.

Limitations to the present study should be acknowledged. The results are presented without
any correction for multiple testing. There were a large number of statistical tests conducted
and the results would not have remained significant if they were adjusted for multiple
testing. These analyses were exploratory in nature, and replication in an independent sample
would provide the best evidence that the observed associations were not the result of

type-I error. Further, the sample size was quite small, especially for stratified analyses;

this may have hindered our ability to identify additional effect modification by ASD risk
factors. In addition, though the association between attention and total SRS T scores

was significant among mothers of advanced maternal age and not mothers <35 years, the
interaction term was not significant. Recent findings suggest that SRS scores may not be
specific only to autistic traits and may be influenced by behavioral problems and levels of
expressive language and cognition (Hus, Bishop, Gotham, Huerta, & Lord, 2013), which
were not considered in the analyses. Finally, the SRS is a parent-reported assessment and
children have not received a clinician-directed assessment, such as the Autism Diagnostic
Observation Schedule. Regardless, these results are highly suggestive of an effect that
should be examined more closely. There are some noteworthy strengths of the study

as well. The analyses were conducted within a prospective birth cohort, and therefore,
infant neurobehavior was assessed with no knowledge of later developmental outcomes.
An additional strength was the repeated assessment with the SRS for a majority of the
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participants. Although the correlation between the years 4 and 5 total T scores was quite
high, we were able to capture the variability by incorporating the repeated outcomes.

Conclusion

Funding

In summary, an early measure of infant attention at five post-gestational weeks was
significantly associated with the later development of SCBs through 5 years, but not
through 8 years. Among women of advanced maternal age, the association was stronger and
statistically significant, and additional associations representing an inappropriate response
to stimuli manifested as excitability and lethargy were also associated with SCBs through

5 years. These results are preliminary in nature, particularly given the lack of correction

for multiple testing. Although these results should be replicated in independent samples,
they provide evidence that the impairment that underlies ASD may be evident in very early
infancy.
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Table 2.

Means and SDs of raw total and domain-specific SRS scores at years 4, 5, and 8 as well as the number and
percent of participants scoring above cut-points.

4 years 5 years 8 years
n 186 206 227
Total 30.7 (15.3) 30.6 (20.0) 31.3 (21.9)
>65 9 (4.8) 21(10.2)  25(11.0)
>76 3(1.6) 4(19) 6 (2.6)
Awareness 6.7 (2.8) 6.3(2.7) 6.4 (3.0)
Cognition 5.9(3.9) 6.3(4.4) 59(4.7)
Communication 9.3(5.7) 9.5(7.3) 9.6 (8.0)
Motivation 53(35) 50(42) 54(4.4)
Mannerisms 3.3(3.0) 35(4.2) 3.9(4.5)

Note. SRS range raw scores: Total score = 0-195, Awareness = 0-24, Cognition = 0-36, Communication = 0-66, Motivation = 0-33, Mannerisms
= 0-36. Sample sizes by year: 4 years, n=214; 5 years, n=227.

SDs: standard deviations; SRS: Social Responsiveness Scale.

1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Int J Behav Dev. Author manuscript; available in PMC 2023 September 21.



Page 15

Bowers et al.

(onov Lez (om)ov 1414 [esnoly
G'vE ‘208~ (cz0o)zetr 9ve ‘LT~ (6v€0) 6'8 pajsnipy
0SSy 'v6'0 (¥0'0) z'€C GT'6€ ‘8'¥T- (se'0) Tzt paisnfpeun
(90'0) 210 Lez (900) T'O 1414 aouauNse ssaNs
GT'0'8T'T- (€1°0) 25°0- €2°0'80T- (0z'0) ev'0- pajsnipy
100 'SE'T- (50°0) 2970~ 600 ‘82’1~ (60°0) 09°0- paisnfpeun
(02 ov Lez (02 0¥ vz soxd|yal [ewndo-uoN
89'0 ‘9T'2- (T€°0) L0~ ev'0 'eeT- (81T°0) G6°0- pajsnipy
1€0 '89°C- (zT0) 6T'T- 120 'S9'¢- (60°0) ¢2'1- paisnfpeun
(T1)as 9z (T1)9g 112 uornenboy
180'98°¢- (0€0) 66°0- 9T'T ‘29— (sv0) €L°0- pajsnipy
2€0- "SEv- (z00) e€2- ¥0'0- '60"%- (¥0'0) T'2- pasnfpeun
(Lo ey Lez (L9087 vz Judwanow Jo Ajend
68'0 '92°0- (62°0) €0 20T ‘020~ (8T°0) Tv'0 pajsnipy
160 'LE°0- (ov'0) L2°0 66°0 ‘SE°0- (¥e'0) €€°0 pasnfpeun
(e90) oy Lez (02 0¥ 1414 ABreya
0z '90°€- (920) .50 ey 98- (69°0) 2L0 pajsnipy
68'€ 'vLe~- (26'0) 200 vL'€ 9T v (16'0) 220~ pasnfpeun
(€9°0) ¥¥'0 zee (€9'0) 80 012 BuipueH
€6'0 '8T°0- (8T°0) LEO 86'0 'TT'0- (tTo) vro pajsnipy
€T'T 'T0°0- (S0°0) 950 60°T '90°0- (80°0) 150 paisnfpeun
(0e)oz Lez (0e)oz 144 Anpgenox3
ST0 ‘YE'T- (zr0) 09°0- 00 ‘¥5T- (90°0) 52°0- gPasnlpy
1209 T- (61°0) 55°0— 2€0 ‘er'1- (TZ'0) 55°0- paisnfpeun
(61) €S €TC (taes €02 uonusny
Jendaul duspiuo)  (enpead)g  (sBueu ajinrenb) ueipay u Jensau] duapipuo)  (enpend)d  (sbBued ajinuenb) uelpsin u  9Jeds Adewwins SNNN

9103s | SYS [e10L

saeak g ybnoay

saeak g ybnoay

‘sIeak

g ybnoay) pue g ybnouyl $8103s_/ 3LISYNS PUR [L10] SHS PUR SHaM G— Te Arewiwuns SNNN Usamiag uoneidosse ayl Buiqriasap (anjea d) wuaidia0d-eleg

Author Manuscript

Author Manuscript

‘€ 9lqeL

Author Manuscript

Author Manuscript

Int J Behav Dev. Author manuscript; available in PMC 2023 September 21.



Page 16

Bowers et al.

JagUINU = 1/ ‘3]eas SSausAISUOdsay [e100S :SHS ‘a]eds [RJOIARY3QOINaN HI0MIBN 1IUN 81D SAISUaIU| [ereuoaN :SNNN

*(uonreanpa jooyas ybiy ueyy Jarealb) uoneanpa
‘(sAep) wexa SNNN 1e abe [euoneisab ‘(yuiq Joud T< ‘yuiqg Joud T ‘snosedijnu) Aired ‘(1ayio ‘auym Xaejq) A1obared adel ‘(sweuB) ybram yuiq ‘(1esk) Asanijap 1e abe jeussrew :1oy paisnipe m_wuo_\,_m

€2 '90'T- (97°0) ¥9°0 102 '90°'T- (85°0) L¥'0 paisnipy
89'C '28°0- (0£°0) €6°0 9TC IT'T- (e5°0) €50 paisnipeun

Jensaul duapyuo)  (enpend)g  (sBueu ajinrenb) ueipan u Jeasau aouspipuo)  (enpend)g  (sbBued ajinrenb) uelpsin u  9Jeds Adewwins SNNN

8103s | SYS [e10L

saeak g ybnoay saeak g ybnoay L

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Int J Behav Dev. Author manuscript; available in PMC 2023 September 21.



Page 17

Bowers et al.

"3|BOS SSBUBAISUOASaY [B100S :SYHS 8]9S [RI0IARY3GOINSN YI0MISN UM 818D BAISUSIU| [B1eU0aN :SNNN

‘wexa SNNN e abe Jeuoielssh ‘uoireanps feussrew ‘(yuig Joud T< ‘yuiqg Joud T ‘snosedijnu) Ayred ‘(Jayio ‘slym Yoe|q) Aiobisied aded ‘(sweuh) ybram yuiq :1oj paisnipe S|spoN 810N

T2°0T '06'T- (LT0o) 7Yy 29T TV T- (68°0) 0T'0 95'8 '0T'0- (s00) €Ty GE'T '08'T- (8£°0) 2z'0- [esnoly
12°29T 'S6'T2- (10 v'0L 6T°0E ‘€T’ TI- (92°0) 256 9T'G9T '¥8'€C- (#1°0) 99°02 ¥8'€C ‘TC Ve (66°0) 8T°0- 30UauNSqe SSa.1S
Soxa|yal
0€'€ 'Sse'T- (T7°0) 86°0 10°0- 'TV'T- (50°0) TL0- 971'2 '18'T- (98°0) LT°0 92'0 '2¢'T- (0z°0) 8t°0- [ewndo-uoN
660 ‘20T (TT0) 2.7 8.°0‘'88'T- (zv°0) 85°0- 8T°0- ‘'ST°0T- (#0°0) 9T'G- 290 ‘€T'Z- (82°0) GL0- uonenbey
JjuswiaAow
ST'6 '0L'G— (590)2LT 62'0 ‘sv'e- (0T°0) 85°T- €9'9 '06'9- (L6°0) €T°0- S'0 'v9'€- (€T°0) 6G°T- 0 Aupend
197 ‘0€°0 (€00) G¥'Z 090 ‘'09°0- (66°0) T00'0— 61°€'92°0 (z00) €02 2.°0'09°0- (98°0) 900 ABreyie
00°€T 'Y9'€T- (96°0) z€'0- Sv'v '08'C- (590) €8°0 vi'2T '98'9- (L50) 6.2 12 '85°€- (98°0) ¥€°0 BuijpueH
9T°¢ '52°0- (0T0) S¥'T 98°0 '62°0- (€€0) 620 2vS'C'90°0 (#0°0) 0£°T 68'0 '82°0- (T€°0) 020 Anngenox3
0v'0 ‘9T ¥ (TT°0) 88'T- S0 TT- (ov'0) vE0- 1€0- ‘'00'7— (200) vT2- 00 '9T'T- (€9°0) €2°0- uonueny
lensaul (anren lensaul (anren lens8ul (anren lend8ul (anren 8]eas Arewiwins
80UBPIIUOD d)g v = u ‘saeak 80UBPIIUOD d)g €6T = U ‘steak 89UBPIIUOD d)g 7€ = U ‘saeak 30UBPIIUOD d)g €8T = U ‘saeak SNNN

GE Z SIBLION GE > SI8YIOIN GE T SIBYI0N GE > SI8YION

saeak g ybnoay L saeak g ybnoay L

‘(s1eak ge= pue sieak
Ge>) abe [eulsrew Aq paiirens sieak g ybnoyy pue sieak G ybnouy) 8100S_/ SHS [BI0L pue sydam G— Je Alewwins SNNN Usamiaq uoleidosse paisnipy

‘v alqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Int J Behav Dev. Author manuscript; available in PMC 2023 September 21.



	Abstract
	Introduction
	Methods
	Study Participants
	Infant Neurobehavior
	Autistic Behaviors
	Statistical Analysis

	Results
	Results through Year 5
	Results through Year 8

	Discussion
	Conclusion
	References
	Table 1.
	Table 2.
	Table 3.
	Table 4.

