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Abstract

Objective—To examine longitudinal patterns of response to name from 6–24 months of age in 

infants at high and low risk for autism spectrum disorder (ASD).

Study design—A response to name task was tested at 6, 9, 12, 15, 18, and 24 months of age in 

156 infant siblings of children with ASD (high-risk) or typical development (low-risk). At 36 

months of age, participants were classified into 1 of 3 outcome groups: group with ASD (n = 20), 

high-risk group without ASD (n = 76), or low-risk group without ASD (n = 60). Differences in 

longitudinal performance were assessed using generalized estimating equations, and sensitivity 

and specificity for identifying ASD were calculated. Differences in age 36-month functioning 

were examined between infants who developed ASD and repeatedly vs infrequently failed to 

respond to name.

Results—At 9 months of age, infants developing ASD were more likely to fail to orient to their 

names, persisting through 24 months. Sensitivity/specificity for identifying ASD based on at least 

1 failure between 12 and 24 months were estimated at .70 in this sample. One-half of the infants 

who developed ASD had repeated failures in this timeframe, and demonstrated lower age 36-

month receptive language, and earlier diagnosis of ASD than infants with ASD who had 

infrequent failures.

Conclusions—In addition to recommended routine broad-based and ASD-specific screening, 

response to name should be regularly monitored in infants at risk for ASD. Infants who 

consistently fail to respond to their names in the second year of life may be at risk not only for 

ASD but also for greater impairment by age 3 years.

Infants as young as 4–6 months of age listen significantly longer to their own names than to 

other names,1,2 suggesting that sound patterns of infants’ names are internalized early in life. 
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Neural mechanisms underlying response to name likely involve a pre-attentive “detection” 

stage followed by an evaluation stage, during which attention is shifted only if the detected 

event is deemed meaningful.3 Infants use their names as social cues to orient their attention 

to salient aspects of their environments.2,4 Because of the centrality of this behavior in the 

development of social-communication skills, the assessment of response to name may be 

useful in the early identification of autism spectrum disorder (ASD). Indeed, retrospective 

studies of infants who developed ASD have demonstrated diminished response to name as 

early as 12 months of age,5–8 and response to name is included in all diagnostic measures 

for ASD. However, many widely used screening tools rely solely on parent report, and little 

is known regarding developmental progressions of this behavior via direct observation.

Recent prospective studies, in which infants are recruited before diagnosis and followed 

longitudinally, have examined response to name in controlled environments using 

standardized procedures, finding reduced frequency of this behavior in toddlers diagnosed 

with ASD compared with those with developmental delays or typical development.9 One 

such study found that infants with family histories of ASD were less likely to respond than 

infant siblings of typically developing children by 12 months of age.10 Few studies have 

measured response to name behavior at multiple ages, however, making it difficult to 

determine when affected children first begin to fail the task, whether differences persist over 

the first years of life, and how early the behavior distinguishes children with ASD from 

unaffected children.

The present study examined differences in the longitudinal course of response to name 

among infants at high- and low-risk for ASD. We hypothesized that the group with ASD 

outcomes would exhibit reduced responding by 12 months of age relative to infants with 

non-ASD outcomes. We also evaluated, within the group with ASD, whether patterns of 

response to name between 12 and 24 months of age were related to age 36-month 

functioning.

Methods

This study uses data from a prospective longitudinal study of infants at risk for ASD and 

was conducted under the approval of the university’s Institutional Review Board. Informed 

consent was obtained from parents before assessments. Infants were evaluated by examiners 

unaware of group membership, with ongoing administration/scoring fidelity procedures in 

place to ensure minimal cross-examiner differences. The primary measure of interest, the 

“orients to name” task, was administered as part of a larger assessment battery with visits 

occurring at 6, 9, 12, 15, 18, and 24 months of age. At 36 months of age, participants were 

classified into 1 of 3 outcome groups: group with ASD, high-risk group without ASD, and 

low-risk group without ASD.

The sample was drawn from a larger longitudinal study of infant siblings of children with 

ASD (high-risk group) or typical development (low-risk group). The primary inclusion 

criterion for the high-risk group was status as a younger sibling of a child with ASD. 

Diagnosis of the older sibling (proband) was confirmed using the Autism Diagnostic 

Observation Schedule (ADOS11) and the Social Communication Questionnaire.12 Exclusion 
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criteria for the high-risk group included birth before 32 weeks gestation and a known genetic 

disorder in the infant or proband. The primary inclusion criterion for the low-risk group was 

status as a younger sibling of a child with typical development, confirmed by an intake 

screening questionnaire and proband scores below the ASD range on the Social 

Communication Questionnaire. Exclusion criteria for the low-risk group were birth before 

36 weeks gestation; developmental, learning, or medical conditions in any older sibling; and 

ASD in any first-, second-, or third-degree relative.

Participants were enrolled by 9 months of age, with 76% having their first visit at 6 months 

of age. The sample consisted of 156 participants: 20 with ASD (n = 19 high-risk, 1 low-

risk), 76 high-risk without ASD, and 60 low-risk without ASD, as determined at the age 36-

month outcome assessment. Consistent with prior reports,13 ASD outcomes at the 36-month 

visit required that ADOS scores be at or above the ASD cut-off and that the child meet 

Diagnostic and Statistical Manual of Mental Disorders, 4th Edition, Text Revision criteria 

for Autistic Disorder or Pervasive Developmental Disorder-Not Otherwise Specified. 

Diagnoses were determined by a licensed psychologist or pediatrician. Outcomes were 

finalized at 36 months of age, but if a child met criteria for ASD at an earlier visit, the 

diagnosis was made and referrals for intervention provided. Of the children with ASD 

outcomes, 87% had received services for autism or other developmental delays before age 3 

years (average hours per week = 17.80, SD = 9.57; data missing for 5 children). Table I 

displays sample characteristics by outcome group.

Measures

All measures in the present study met applicable psychometric standards for standardization, 

reliability, and validity.

Orients to Name—This task, adapted from the Autism Observation Scale for Infants,14 

was administered at 6, 9, 12, 15, 18, and 24 months of age. It involves calling the infant’s 

name in a clear voice at a normal volume up to 2 times (constituting a “press”) while the 

infant is engaged with toys and seated in the parent’s lap, at least 2 feet from (and not 

facing) the examiner. A total of 2 presses are administered, with each press consisting of 2 

trials. Participant behavior was scored as follows, consistent with the Autism Observation 

Scale for Infants scoring guidelines14: 0 = orients to name with eye contact on both presses, 

at least one of which is on the first trial; 1 = orients with eye contact at least once; or 2 = 

does not orient on any trial. For this study, we consider a score of 0 or 1 to be “passing,” and 

a 2 to constitute a “failure,” resulting in a dichotomous measure of the orienting response.

ADOS—The ADOS is a semistructured interaction and observation that measures 

symptoms of autism. It has 2 empirically derived cut-offs for ASD and autistic disorder. The 

ADOS11 was used for diagnostic classification purposes in both the proband (to verify 

inclusion criteria) and the participant (to determine outcome at 36 months of age).

Mullen Scales of Early Learning—The Mullen Scales of Early Learning15 standardized 

developmental test for children from birth to 68 months of age was used to evaluate 

cognitive functioning. Four subscales were administered: visual reception, fine motor, 
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receptive language, and expressive language, each resulting in separate T-scores (mean = 50, 

SD = 10). An overall composite score, the early learning composite, is calculated using 

published normative data (mean = 100, SD = 15).

Age at First Concerns and Diagnosis—If, at any visit, an examiner had ASD-related 

concerns about a child, this was noted in a tracking system, as was the age at which a formal 

diagnosis was made.

Vineland Adaptive Behavior Scales: Second Edition—The Vineland Adaptive 

Behavior Scales: Second Edition16 is a parent-report assessment of social, communication, 

motor, and daily living skills is normed for use with infants to adults. It provides standard 

scores and age equivalents for subscales and an overall score, the adaptive behavior 

composite (mean = 100, SD = 15).

Missing Data—Missing orients to name data were due to variability in enrollment ages, 

missed visits, and skipped administrations. All 156 infants had data for at least 3 time points: 

42% had data for all 6 visits, 38% had data for 5, 17% had data for 4, and 3% had data for 3.

Data Analytic Plan

Longitudinal Differences between Groups—Generalized estimating equations17 with 

binomial variance function and logit link were used to examine longitudinal changes in 

orienting to name and to evaluate differences between outcome groups over time. This 

approach makes use of all available data for a child, allows for adjustment for potential 

confounders, and does not depend on the correct specification of the within-person 

correlation over time. We modeled the within-child correlation with exchangeable log ORs, 

and used empirical (robust) variance estimators. The model included terms for group (low-

risk group without ASD, high-risk group without ASD, and ASD), the linear effect of visit 

age in months (ie, 6, 9, 12, 15, 18, 24; centered at 6 months), the interaction between group 

and visit age, and child sex. Analyses were implemented using PROC GENMOD in SAS v 

9.4 (SAS Institute, Cary, North Carolina). Hypothesis tests were 2-sided; P values of <.05 

were considered statistically significant.

Sensitivity/Specificity—We calculated sensitivity, specificity, positive predictive value 

(PPV), and negative predictive value of failure to orient to name in identifying ASD. We first 

calculated estimates for having at least 1 failing score across all visits between the group 

without ASD (collapsing low-risk and high-risk) and the group with ASD. We chose to 

collapse across the 2 outcome groups without ASD because combining these 2 groups is 

more representative of a general pediatrics sample, and, thus, sensitivity/specificity estimates 

are more translatable. Next, we narrowed the age window to correspond with when ASD 

symptoms are known to emerge,18,19 calculating estimates for having at least 1 failing score 

between 12 and 24 months of age. Finally, we examined failure to orient at each individual 

age to determine whether 1 particular time point was most critical in predicting ASD. We 

imputed missing data via multilevel imputations20 and constructed 10 separate complete 

datasets, so that estimates were based on the same sample at each age and, thus, comparable 
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across ages. Analyses were performed on each of the imputed datasets and combined 

according to Rubin’s rules.21

Patterns within the Group with ASD—Finally, we examined performance within the 

group with ASD to look for potential predictors of later functioning and impairment levels. 

We divided the infants with ASD outcomes into 2 subgroups (infrequent vs repeated failures 

to orient to name) based on patterns of performance between 12 and 24 months of age. We 

then compared these subgroups on multiple age 36-month developmental measures, age at 

first concerns, and age at diagnosis, using Wilcoxon 2-sample exact tests.

Results

Table II summarizes results for the orients to name task. The interaction between outcome 

group and visit age was significant, χ2(2) = 8.86, P = .01, indicating differences between the 

3 groups in orienting to name patterns over time. The 3 outcome groups had similar 

performance at baseline, χ2 (2) = 1.80,P = .41. The likelihood of receiving a failing score 

decreased over time in the low-risk group without ASD (OR 0.91, 95% CI 0.84–0.99 for 

each 1-month increase in visit age) and high-risk group without ASD (OR 0.92, 95% CI 

0.87–0.96). By contrast, the group with ASD had a flat trajectory (OR 1.03, 95% CI 0.98–

1.09), showing no decrease in failure rates with age. Significant differences between the 

group with ASD and both groups without ASD emerged at 9 months, increasing in 

magnitude over time (Table II). The difference in slopes between the high-risk group without 

ASD and low-risk group without ASD was not significant (OR 1.01, 95% CI 0.92–1.11), 

with comparable odds of a failing score at all visit ages. The effect of sex was 

nonsignificant, χ2(1) = 0.07, P = .79.

Parameter estimates for the generalized estimating equation model are presented in Table III 

(available at www.jpeds.com).

Sensitivity/Specificity

Most sensitivity and PPV estimates were below acceptable standards for developmental 

screening measures (Table IV),22 and although the broadest test of at least 1 failure between 

6 and 24 months of age resulted in sensitivity of .80. However, specificity was low, at .52. 

The values obtained for the comparison of at least 1 failure between 12, 15, 18, and 24 

months of age provided the best balance of sensitivity and specificity in our sample, which 

were at the lower bound of acceptable standards for developmental screening measures,22 

with both estimated at .70. Across comparisons, confidence intervals for sensitivity and PPV 

were wide.

Patterns within the Group with ASD

To identify patterns of performance within the group with ASD that may indicate later 

functioning/impairment levels, we first reasoned that because approximately 30% of infants 

who did not develop ASD failed the orients to name task at least once between 12 and 24 

months of age, 1 failure would represent a lower limit of “acceptable” performance. Thus, 

infants with ASD outcomes were grouped based on repeated (ie, ≥2) vs infrequent (ie, 0–1) 
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failures between 12–24 months of age. One-half of the infants with ASD outcomes (n = 10) 

repeatedly failed the task, and the remaining 10 failed 0–1 times (n = 6 never failed). The 

groups differed on age 36-month Mullen Scales of Early Learning Receptive Language (P 
= .02), with the group with repeated failures performing worse by an average of >10 points 

(Table V).

The repeated failures group was also diagnosed earlier by an average of 10 months (P < .01). 

There was a trend toward lower Vineland Adaptive Behavior Scales communication scores 

(P = .08; Cohen d = 1.08) and higher ADOS total scores (P = .05; Cohen d = .77) in the 

group with repeated failures. The group with repeated failures were first identified with 

examiner concerns at an average age of 11 months vs 17 months in the group with 

infrequent failures, which was not statistically significant (P = .21) but may be clinically 

significant (Cohen d = .77). The groups differed by sex, with all of the 5 girls with ASD 

belonging to the repeated failures group.

Discussion

In this study, we examined longitudinal differences in performance on a standardized task 

measuring response to name between infants who did and did not develop ASD. Participants 

were followed prospectively and tested directly, addressing many of the methodologic 

limitations of previous retrospective studies. We also evaluated whether patterns of this 

behavior over time within the group of infants who developed ASD predicted later 

functioning.

Our findings indicate that, at a group level, the infants who developed ASD were more likely 

to fail to orient to their names than infants who did not develop ASD. In the current sample, 

this group difference was evident by 9 months of age, even earlier than previous studies have 

reported.6–8,10 Consistent with prior research,10 specificity of failing to respond to name at 

individual ages was high, but sensitivity was low, indicating that failure to respond to one’s 

name may be 1 indicator of emergent ASD, but that not all infants who develop ASD will 

neglect to respond. This is also consistent with a recent study in which experts rated 

behavior, including response to name, from short video clips of young children with ASD, 

typical development, or language delays.23 Although the group with ASD responded 

significantly less often than the other groups, all children with ASD responded at least 

once.23 Thus, there is not an absence of ability to respond to name in children with ASD, but 

a reduced likelihood. Notably, 54% of the infants with ASD in our sample who passed the 

task at 12 months of age failed during at least 1 subsequent assessment, suggesting that this 

behavior should be monitored over time.

We chose to collapse across the 2 groups without ASD in our sensitivity/specificity analyses 

given that combining them may provide a more representative picture with regard to a 

general pediatrician’s patient population. Rates of false positives are a persistent concern in 

the field of autism screening. In this sample, rates of false positives at individual ages ranged 

from 4% to 21% in the low-risk group without ASD and from 3% to 26% in the high-risk 

group without ASD (Table II). For our estimates of ≥1 failure between 6 and 24 months of 

age, false positive rates were 38% for the low-risk group without ASD and 47% for the high-
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risk group without ASD, and for ≥1 failure between 12 and 24 months of age, rates were 

22% vs 34%, respectively. These rates are consistent with prior work documenting 

subclinical features of ASD (ie, the broader autism phenotype) in siblings without ASD of 

children with ASD.13 However, given the nature of our sample, we cannot extrapolate to the 

general pediatrics population and cannot address how well orienting to name distinguishes 

ASD from other developmental delays.

The pattern of failing responses over time between the group with ASD and groups without 

ASD is reminiscent of patterns previously shown across other measures,18,19,24 with 

differences generally emerging between 12 and 18 months of age and increasing over time. 

Early failures to respond to name may be a manifestation of the decreased social orienting 

characteristic of children with ASD.25,26 Consistent failure to orient to one’s name early in 

life may be part of a larger developmental cascade resulting in the social-communication 

symptoms of ASD because infants who do not respond to their names likely engage in a 

decreasing number of social opportunities over time.

The heterogeneity in the group with ASD highlights the importance of approaches that focus 

on examining individual differences in patterns of behavior. In our sample, one-half of the 

infants who developed ASD exhibited repeated failures over time, and demonstrated 

significantly lower receptive language at 36-months of age and earlier age of diagnosis. 

Although these subsamples are small and no other comparisons were statistically significant, 

some may be clinically significant, as is suggested by moderate-to-large effect sizes (Table 

V). Combined, these data suggest that a pattern of repeated failure to respond to one’s name 

in the second year of life may be associated with earlier emerging ASD and predictive of 

greater impairment by 36 months of age. Thus, it may be especially important to refer 

infants who consistently fail to respond to their names in the second year of life because they 

may be at risk not only for ASD but also for greater impairment by age 3 years. Future 

research with larger samples should investigate whether intervention history impacts rates of 

response to name.

There are several limitations to this study worth noting. First, the sample of children with 

ASD was small, limiting our ability to estimate sensitivity and specificity reliably, to 

robustly evaluate subgroup differences within the ASD sample, and to extrapolate to the 

general pediatric population. Second, our definition of a failure on the response to name task 

differed from some previous studies, in that we used a stringent definition of “failure,” based 

on the task from which our measure was adapted,14 potentially resulting in inflated passing 

rates. Despite this, our overall findings are consistent with those of prior studies, but 

differences in methods make it difficult to compare exact rates of failure across samples.

In conclusion, this prospective study implicates diminished response to name as an early 

indicator of ASD by 9 months of age and has clinical implications for early detection of 

ASD risk in combination with other validated screening tools. We suggest that response to 

name should be monitored at multiple time points in infants because single failures may 

indicate heightened risk for developing ASD but, among the children who do develop ASD, 

repeated failures may be an indicator of later functioning, serving as a means by which to 

identify infants and toddlers developing ASD who demonstrate the greatest need for 
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intensive early intervention. Overall, these findings are consistent with the American 

Academy of Pediatrics guidelines to conduct both broadband and ASD-specific screening 

via parent report multiple times in the first years of life. A fast, easy to administer probe like 

the one used in this study may be a useful additional instrument in the pediatric toolbox for 

identifying risk for ASD in the clinical setting. ■
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Glossary

ADOS Autism Diagnostic Observation Schedule

ASD Autism spectrum disorder

PPV Positive predictive value

References

1. Mandel DR, Jusczyk PW, Pisoni DB. Infants recognition of the sound patterns of their own names. 
Psychol Sci. 1995; 6:314–7. [PubMed: 25152566] 

2. Imafuku M, Hakuno Y, Uchida-Ota M, Yamamoto J, Minagawa Y. “Mom called me!” Behavioral 
and prefrontal responses of infants to self-names spoken by their mothers. Neuroimage. 2014; 
103:476–84. [PubMed: 25175541] 

3. Tateuchi T, Itoh K, Nakada T. Neural mechanisms underlying the orienting response to subject’s 
own name: an event-related potential study. Psychophysiology. 2012; 49:786–91. [PubMed: 
22416997] 

4. Parise E, Friederici AD, Striano T. “Did you call me?” 5-month-old infants own name guides their 
attention. PLoS ONE. 2010; 5:e14208. [PubMed: 21151971] 

5. Palomo R, Belinchón M, Ozonoff S. Autism and family home movies: a comprehensive review. J 
Dev Behav Pediatr. 2006; 27:S59–68. [PubMed: 16685187] 

6. Osterling J, Dawson G. Early recognition of children with autism: a study of first birthday home 
videotapes. J Autism Dev Disord. 1994; 24:247–57. [PubMed: 8050980] 

7. Osterling JA, Dawson G, Munson JA. Early recognition of 1-year-old infants with autism spectrum 
disorder versus mental retardation. Dev Psychopathol. 2002; 14:239–51. [PubMed: 12030690] 

8. Werner E, Dawson G, Osterling J, Dinno N. Brief report: recognition of autism spectrum disorder 
before one year of age: a retrospective study based on home videotapes. J Autism Dev Disord. 2000; 
30:157–62. [PubMed: 10832780] 

9. Wetherby AM, Woods J, Allen L, Cleary J, Dickinson H, Lord C. Early indicators of autism 
spectrum disorders in the second year of life. J Autism Dev Disord. 2004; 34:473–93. [PubMed: 
15628603] 

10. Nadig A, Ozonoff S, Young GS, Rozga A, Sigman M, Rogers SJ. A prospective study of response 
to name in infants at risk for autism. Arch Pediatr Adolesc Med. 2007; 161:378–83. [PubMed: 
17404135] 

11. Lord C, Risi S, Lambrecht L, Cook EH, Leventhal BL, DiLavore PC, et al. The Autism Diagnostic 
Observation Schedule – Generic: a standard measure of social and communication deficits 
associated with the spectrum of autism. J Autism Dev Disord. 2000; 30:205–23. [PubMed: 
11055457] 

Miller et al. Page 8

J Pediatr. Author manuscript; available in PMC 2018 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



12. Rutter M, Bailey A, Lord C. Social communication questionnaire: manual. Western Psychological 
Services;. 2003

13. Ozonoff S, Young GS, Belding A, Hill M, Hill A, Hutman T, et al. The broader autism phenotype 
in infancy: when does it emerge? J Am Acad Child Adolesc Psychiatry. 2014; 53:398–407. 
[PubMed: 24655649] 

14. Bryson SE, Zwaigenbaum L, McDermott C, Rombough V, Brian J. The Autism Observation Scale 
for Infants: scale development and reliability data. J Autism Dev Disord. 2008; 38:731–8. 
[PubMed: 17874180] 

15. Mullen, EM. Mullen scales of early learning. Circle Pines (MN): American Guidance Service; 
1995. 

16. Sparrow, SS., Balla, DA., Cicchetti, DV. Vineland adaptive behavior scales. Second. Circle Pines 
(MN): American Guidance Service, Inc; 2005. 

17. Zeger SL, Liang K. Longitudinal data analysis for discrete and continuous outcomes. Biometrics. 
1986; 42:121–30. [PubMed: 3719049] 

18. Landa RJ, Gross AL, Stuart EA, Faherty A. Developmental trajectories in children with and 
without autism spectrum disorders: the first 3 years. Child Dev. 2013; 84:429–42. [PubMed: 
23110514] 

19. Ozonoff S, Iosif A, Baguio F, Cook IC, Hill MM, Hutman T, et al. A prospective study of the 
emergence of early behavioral signs of autism. J Am Acad Child Adolesc Psychiatry. 2010; 
49:256–66. [PubMed: 20410715] 

20. Yucel RM. Multiple imputation inference for multivariate multilevel continuous data with 
ignorable non-response. Philos Trans A Math Phys Eng Sci. 2008; 366:2389–403. [PubMed: 
18407897] 

21. Rubin, DB. Multiple imputation for nonresponse in surveys. New York (NY): Wiley; 1987. 

22. Rydz D, Shevell MI, Majnemer A, Oskoui M. Topical review: developmental screening. J Child 
Neurol. 2005; 20:4–21. [PubMed: 15791916] 

23. Gabrielsen TP, Farley M, Speer L, Villalobos M, Baker CN, Miller J. Identifying autism in a brief 
observation. Pediatrics. 2015; 135:e330–8. [PubMed: 25583913] 

24. Estes A, Zwaigenbaum L, Gu H, St John T, Paterson S, Elison JT, et al. Behavioral, cognitive, and 
adaptive development in infants with autism spectrum disorder in the first 2 years of life. J 
Neurodev Disord. 2015; 7:24. [PubMed: 26203305] 

25. Dawson G, Toth K, Abbott R, Osterling J, Munson J, Estes A, et al. Early social attention 
impairments in autism: social orienting, joint attention, and attention to distress. Dev Psychol. 
2004; 40:271–83. [PubMed: 14979766] 

26. Chevallier C, Kohls G, Troiani V, Brodkin ES, Schultz RT. The social motivation theory of autism. 
Trends Cogn Sci. 2012; 16:231–9. [PubMed: 22425667] 

Miller et al. Page 9

J Pediatr. Author manuscript; available in PMC 2018 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Miller et al. Page 10

Table I

Participant characteristics

Low-risk group 
without ASD
(n = 60)

High-risk group 
without ASD
(n = 76)

ASD
(n = 20) P value*

Male sex (n, %)        36 (60%)        45 (59%)      15 (75%)   ns

Age at first visit (n, % first visit at 6 mo)        48 (80%)        55 (72%)      16 (80%)     ns

Ethnicity (n, % non-white)†,‡,§        20 (34%)        28 (38%)        6 (32%)     ns

Household income (n, %)     ns

 ≤$80 000        19 (32%)        17 (22%)        6 (30%)

 >$80 000        35 (58%)        51 (67%)        9 (45%)

 Decline to state/missing          6 (10%)          8 (11%)        5 (25%)

Mullen Scales of Early Learning, 36 mo of age (mean, 
SD)

 Visual reception†   62.15 (11.21)a   58.76 (14.61)a 43.95 (16.42)b <.001

 Fine motor   48.50 (9.81)a   48.37 (13.53)a 37.50 (12.73)b <.01

 Receptive language§,¶   52.83 (9.15)a   47.78 (9.32)b 38.38 (9.09)c <.001

 Expressive language**   54.71 (7.32)a   49.88 (9.74)a 37.56 (11.40)b <.001

 Early learning composite§,¶ 109.36 (13.83)a 102.75 (18.84)b 84.13 (16.81)c <.001

ADOS social affect + repetitive behavior Total, 36 mo of 
age (mean, SD)

    2.62 (1.66)a     3.58 (2.22)a 14.85 (5.03)b <.001

ns, not significant.

*
Overall group differences assessed using logistic regression for sex, ethnicity, and household income (excluding decline to state/missing values), 

and 1-way ANOVA for remaining variables. P values of <.05 were followed by post-hoc comparisons between groups; groups with different 
superscript letters differ significantly after Tukey-Kramer adjustment for multiple comparisons. Frequency missing

†
n = 1 in group with ASD,

‡
n = 3 in high-risk group without ASD,

§
n = 2 in low-risk group without ASD,

¶
n = 4 in group with ASD, and

**
n = 2 in group with ASD.
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Table III

Results (parameter estimates and SE) of the longitudinal analyses predicting failing response on the orients to 

name task

Model terms Estimate (SE)*

Intercept −1.56 (0.30)†

Sex (female)   0.07 (0.26)

ASD   0.63 (0.45)

High-risk group without ASD   0.25 (0.38)

Visit age (mo) −0.09 (0.04)‡

Visit age × group with ASD   0.13 (0.05)§

Visit age × high-risk group without ASD   0.01 (0.05)

*
Estimated from GEE models for binary data that included terms for group (low-risk group without ASD, high-risk group without ASD, ASD), 

visit age (centered at 6 months), their interaction, and child sex, and accounted for the within-child clustering because of repeated observations.

†
P < .001.

‡
P < .05.

§
P < .01.
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Table V

Comparisons between infants with ASD who exhibited infrequent vs repeated failures on the response to name 

task between 12 and 24 months of age

Infrequent failures
(n = 10)

Repeated failures
(n = 10) Cohen d P value*

Male sex (n, %)      10 (100%)        5 (50%) –   .03

Age at first concerns, mo (mean, SD) 17.10 (10.10) 11.10 (4.48) 0.77   .21

Age at diagnosis, mo (mean, SD) 28.50 (8.15) 18.50 (3.72) 1.58 <.01

Mullen Scales of Early Learning (mean, SD)

 Visual reception† 46.30 (16.14) 41.33 (17.28) 0.30   .59

 Fine motor 39.10 (16.21) 35.90 (8.57) 0.25   .87

 Receptive language‡ 43.22 (7.79) 32.14 (6.72) 1.52   .02

 Expressive language§ 40.40 (11.42) 34.00 (11.05) 0.57   .19

 Early Learning composite‡   88.4 (17.95) 78.57 (14.59) 0.60   .31

Vineland Adaptive Behavior Scales (mean, SD)¶

 Communication 89.89 (9.80) 77.44 (13.06) 1.08   .08

 Daily living 87.89 (10.91) 81.67 (16.82) 0.44   .45

 Socialization 87.22 (11.95) 76.22 (16.09) 0.78   .14

 Motor 91.44 (11.02) 93.56 (11.64) 0.19 .95

 Adaptive behavior composite 86.89 (10.23) 79.56 (13.26) 0.62   .25

ADOS social affect + repetitive behavior total 13.00 (4.22) 16.70 (5.29) 0.77   .05

*
Group differences assessed using Fisher exact test for sex and Wilcoxon 2-sample exact test for remaining variables.

Frequency missing

†
n = 1 in repeated failures group;

‡
n = 1 in infrequent failures group and 3 in repeated failures group;

§
n = 2 in repeated failures group;

¶
n = 1 per group for all subscales.
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