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Abstract
Early communication impairment is among the most-reported first concerns in parents of young children with autism 
spectrum disorder (ASD). Using a parent-report questionnaire, we derived trajectory groups for early language and gesture 
acquisition in siblings at high risk for ASD and in children at low risk, during their first 2 years of life. Developmental skills 
at 6 months were associated with trajectory group membership representing growth in receptive language and gestures. 
Behavioral symptoms also predicted gesture development. All communication measures were strongly related to clinical 
and developmental outcomes. Trajectory groups further indicated slowest language/gesture acquisition in infants with later 
ASD diagnoses, in particular when associated with language delay. Overall, our results confirm considerable variability in 
communication development in high-risk infants.

Keywords Autism spectrum disorder · Infant siblings · Group-based trajectory model · Vocabulary development · Gesture 
development

Introduction

Reduced verbal and nonverbal communication skills, 
together with differences in social interaction and the pres-
ence of restricted and repetitive behaviors represent core 
features of autism spectrum disorder (ASD) (American Psy-
chiatric Association 2013). The clinical manifestations and 
onset of ASD symptoms during infancy show significant 
variability (Bryson et al. 2007; Estes et al. 2015; Ozonoff 

et al. 2008; Piven et al. 2017; for a review, see, Rogers 2009). 
Prospective studies including high-risk siblings (HR-Sibs) 
of children with ASD compared to low-risk infants (LR) 
represent a widely recognized method allowing observation 
of the early emergence of ASD symptomatology and other 
communication-related differences. In fact, the rate of ASD 
diagnoses in HR-Sibs rises to 18.7% and an additional 28% 
of HR infants show sub-clinical manifestations of ASD or 
developmental impairments (e.g., language delays, LangD; 
Messinger et al. 2013; Ozonoff et al. 2011, 2014).

Prospective studies involving comparison of HR-Sibs 
to LR infants have evidenced atypicalities since the first 
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year of life in various developmental domains, including 
reduced interest in social stimuli (Chawarska et al. 2013; 
Jones and Klin 2013), reduced activity level (Zwaigenbaum 
et al. 2005), atypical verbal expression (Paul et al. 2011), 
motor delays (Flanagan et al. 2012), and increased parental 
concerns (Sacrey et al. 2015). However, diagnostic predict-
ability and specificity of signs for ASD become consistent 
only from the first birthday (Zwaigenbaum et al. 2005; for a 
review see, Jones et al. 2014).

Language and communication concerns (e.g., delayed 
language onset) are the most common reasons for clinical 
consultation by parents of children with ASD (Bolton et al. 
2012; DeGiacomo and Fombonne 1998; Richards et al. 
2016). Moreover, consistent evidence indicates language 
impairment in most young children with ASD (e.g., Char-
man et al. 2003b, c; Volden et al. 2011). Therefore, many 
studies on HR-Sibs have focused on verbal and nonverbal 
communication development (Iverson et al. 2017; Landa 
et al. 2007; Mitchell et al. 2006; Parlade and Iverson 2015; 
Stone et al. 2007; Yirmiya et al. 2006). Overall, these studies 
have demonstrated that HR-Sibs show reduced language and 
communicative development compared to LR infants from 
the first year. Beyond the second year of life, language and 
communication development further differentiate HR-sibs 
who will develop ASD (HR-ASD) from HR-Sibs who will 
not (HR-Non-ASD) (Iverson et al. 2017; Landa et al. 2007; 
Mitchell et al. 2006; Stone et al. 2007).

Several studies have looked at communication trajectories 
in HR-Sibs and specifically compared HR-ASD to HR-Non-
ASD infants, showing developmental differences between 
these two groups (Iverson et al. 2017; Landa et al. 2007; 
Parlade and Iverson 2015; Leonard et al. 2015). In particu-
lar, Iverson et al. (2017) demonstrated reduced growth rate 
of gesture production in HR-ASD, compared to LR infants 
from the first year. They found a similar reduction in HR-
Non-ASD infants with LangD compared to LR infants. From 
the second year, children’s gains in verbal skill also differen-
tiated HR-ASD, HR-Non-ASD, HR-Non-ASD with LangD, 
and LR infants (Iverson et al. 2017; Landa et al. 2007; Par-
lade and Iverson 2015). In sum, these results indicate the 
importance of exploring variability in language development 
in HR-Sibs. Existing research highlights the importance of 
taking into account the potential impact of early commu-
nication impairment on ASD symptomatology, as well as 
on later language impairments. However, whereas previous 
studies have compared communication development in HR-
ASD and HR-Non-ASD infants with LangD, comparisons 
between HR-ASD infants with or without LangD have been 
lacking. A better understanding of early communication 
development among infants later diagnosed with ASD has 
the potential to inform us about early markers of further lan-
guage impairments within the disorder, while also contribut-
ing to the identification of critical early intervention targets.

Existing longitudinal research has pointed out that both 
verbal and nonverbal skills (including joint attention, play 
development, imitation and motor skills) predict verbal 
development in young children with ASD (Paul et al. 2008; 
Thurm et al. 2007; Charman et al. 2003b, 2005; Ellis Weis-
mer et al. 2010; Manwaring et al. 2017; Stone and Yoder 
2001). Studies in HR-Sibs have further demonstrated the role 
of motor skills and gaze behavior (more gazing at mouth) 
from 6 months in predicting language development (Bhat 
et al. 2012; LeBarton and Iverson 2013; Leonard et al. 2015; 
West et al. 2017; Young et al. 2009). In turn, language skills 
also have a critical role in children’s outcomes, predicting 
cognitive development (Brady et al. 2004; Ray-Subrama-
nian and Ellis Weismer 2012; Szatmari et al. 2003). Taken 
together, research shows that communication development 
in ASD can be predicted from the first year, confirming the 
importance of exploring language development in HR-Sibs 
as an early marker for general developmental difficulties.

One way of analyzing developmental heterogeneity in 
clinical samples involves data-driven analytic approaches 
such as group-based modeling (GBM) in large samples 
(Jones et al. 2001; Jones and Nagin 2007). This method has 
been used to examine atypical pathways in cognitive and 
communication development among ASD-HR and ASD-
Non-HR siblings (e.g., Brian et al. 2014; Longard et al. 
2017). In this paper, we first aim to explore variability in 
growth of verbal language (i.e., expressive and receptive) 
and non-verbal communication (i.e., gestures) from 9 to 24 
months, in the most substantial sample to date of HR-Sibs 
and LR infants. Second, we aim to explore how early clinical 
and developmental predictors are related to this variabil-
ity, and to later functioning and ASD symptomatology. We 
expect to show differences in our communication variables 
between HR-sibs and LR infants, and predict that this vari-
ability will be related to both clinical (ASD symptom) and 
developmental scores, and to ASD diagnoses. Finally, we 
also expect that trajectories of communication development 
will be informative regarding later language difficulties spe-
cifically in the children with ASD.

Method

Participants

The sample consisted of 660 participants (361 boys). Among 
the participants, 482 (266 boys) were infant siblings of children 
with ASD, and 178 (95 boys) were LR control infants. The sex 
distribution difference was similar between the two groups 
(see Table 1). All participants were part of a longitudinal 
prospective study specifically dedicated to the assessment of 
infants at HR for ASD (Zwaigenbaum et al. 2005). Participants 
were recruited at four sites in Canada: IWK Health Centre/
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Dalhousie University (Halifax), University of Alberta (Edmon-
ton), Bloorview Research Institute (Toronto), and McMaster 
Children’s Hospital (Hamilton). Participants were all born 
at 36–42 weeks gestation with a birth weight > 2500 g, and 
had no specific neurological or genetic conditions or severe 
sensory/motor impairments. HR infants had an older sibling 
with a clinical diagnosis of ASD. LR infants were recruited 
from community sources and had no first- or second-degree 
relatives with ASD. All participants with relevant data were 
included in the study. However, participants were pre-selected 
according to a defined age range for each collection of data 
on the MacArthur Communicative Development Inventory 
(M-CDI; Fenson et al. 1993) at 9, 12, 15, 18, 21 and 24 months 
of age (i.e., from 8.9 to 10.1 for the 9-month visit, from 11.9 to 
13.1 for the 1- month visit, etc.) (see Supplementary Table 1 
for exact age means). Research Ethics Boards at each of the 
four sites approved the study protocol, and participants’ par-
ents gave their informed consent before inclusion in the study.

Measures

Vocabulary and Development

MacArthur Communicative Development Inventory, Infant 
Form (M‑CDI; Fenson et al. 1993) Data on language devel-
opment were collected at 9, 12, 15, 18, 21 and 24 months of 
age using the M-CDI, Words and Gestures form. The M-CDI 
Part I concerns vocabulary production and vocabulary recep-
tion (comprehension). Parents mark each word that the child 
understands or produces, from among a list of 396 words. 
Part  II includes an inventory of 63 gestures composed of 
early gestures (i.e., first communicative gestures and games 
and routines) and late gestures (i.e., actions with objects, 
pretending to be a parent, and imitating other adult actions.) 
The M-CDI inventory is based on the relative onset of lan-
guage and gestures in typical development. It is designed 
for and includes percentiles for 8- to 18-month-olds but has 

Table 1  Comparison between HR-sibs and LR infants on clinical and developmental functioning at 6 and 36 months of age

*Indicates significant results
a Alpha-level was considered significant at p ≤ 0.01 for MSEL sub-domains according to Bonferroni correction
b Gross motor SS from the MSEL not available at 36 months

Sex LR—mean (SD) HR—mean (SD) LR vs. HR comparison

n = 178 n = 482 Test statistic, df p-value

86 females/92 males 266 females/216 males X2 = 2.47 0.12

6-month assessment
 Age (months) 6.54 (0.63) 6.41 (0.57) t = 1.87 0.27
 AOSI—total score (n = 467) 5.65 (3.20) 7.31 (3.95) t = − 4.44, 465 < 0.001*
 MSEL—early learning composite (SS) (n = 369) 101.93 (9.76) 97.1 (11.32) t = 3.87, 367 < 0.001*
  MSEL—visual reception (SS)a 103.31 (11.29) 98.94 (13.20) t = 3.01 < 0.01*
  MSEL—expressive language (SS)a 92.42 (9.82) 92.44 (11.51) t = − 0.21 0.98
  MSEL—receptive language (SS)a 105.56 (10.35) 103.09 (12.80) t = 1.78 0.08
  MSEL—gross motor (SS)a 98.74 (13.79) 92.77 (13.97) t = 3.91 < 0.001*
  MSEL—fine motor (SS)a 104.11 (13.79) 96.96 (12.78) t = 4.78 < 0.001*

36-month assessment
 Age (months) 39.38 (4.17) 39.30 (4.57) t = 0.19 0.85
 ADOS—severity score (n = 567) 1.88 (1.48) 3.52 (2.56) t = − 7.71, 565 < 0.001*
 MSEL—early learning composite (SS) (n = 562) 119.74 (15.32) 102.66 (21.29) t = 9.24, 560 < 0.001*
  MSEL—visual reception (SS)a 121.33 (14.88) 109.32 (22.78) t = 6.26 < 0.001*
  MSEL—expressive language (SS)a 112.55 (12.90) 100.28 (17.48) t = 8.09 < 0.001*
  MSEL—receptive language (SS)a 113.26 (14.47) 99.41 (17.86) t = 8.82 < 0.001*
  MSEL—gross motor (SS)a n.a.b n.a. n.a. n.a.
  MSEL—fine motor (SS)a 112.86 (18.57) 96.91 (22.20) t = 8.14 < 0.001*
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been shown to be effective in exploring language onset in 
preschoolers with ASD (mean age = 3.2 years, SD = 1.2; 
Charman et al. 2003c). To account for infants’ vocabulary 
sizes, we analyzed absolute raw scores as per Charman et al. 
(2003c), Mitchell et al. (2006) and Iverson et al. (2017). 2 or 
3 weeks before each study visit, the M-CDI was mailed to 
parents. Parents returned the forms by mail or in person on 
the day of the assessment to ensure chronological proximity 
to other evaluations.

Predictors and Outcome: Clinical and Developmental 
Assessments

Data on predictors were collected at 6 months and data on 
outcomes, which included a diagnostic evaluation, were 
collected at 36 months of age.

Autism Observation Scale for  Infants (AOSI; Bryson et  al. 
2008) Data on early clinical concerns were collected 
using the AOSI at 6 months of age. The AOSI, a semi-
structured play-based assessment requiring about 20 min, 
was developed for research purposes to detect and moni-
tor early signs of ASD in 6- to 18-month-olds. The AOSI 
provides reliable data for assessing the early emergence of 
ASD among HR infant siblings (Bryson et al. 2008).

The Mullen Scales of  Early Learning (MSEL; Mullen 
1995) Data on developmental skills were collected at 6 
and 36 months of age with the MSEL. The MSEL is a 
standardized assessment of early development from 0 to 
68 months, providing an early learning composite (ELC, 
mean = 100, SD = 15). It covers 5 subdomains: gross 
motor (GM), fine motor (FM), visual reception (VR), 
receptive (RL) and expressive language (EL). Standard 
scores from the MSEL subscales were derived from t 
scores and used for our primary analyses. The MSEL has 
shown good internal consistency and test–retest stability 
(Mullen 1995).

The Autism Diagnostic Observation Schedule‑Generic 
(ADOS; Lord et al. 2000) Data on severity of ASD symptoms 
at 36 months were collected using the ADOS. The ADOS 
represents the gold standard observational measure for ASD 
symptoms. This assessment is a play-based and semi-struc-
tured evaluation of communication, social interaction, and 
repetitive and restricted behaviors as diagnostic symptoms 
for ASD. The instrument consists of four modules accord-
ing to the age and verbal expression level of each child, and 

shows excellent inter-rater reliability (Lord et  al. 2000). 
Symptom severity scores were obtained using the algorithm 
by Gotham et  al. (2009), allowing for comparison across 
modules.

Diagnostic Assessment at 36 Months

Autism Spectrum Disorder Diagnosis at 36 months was 
based on diagnostic tools (ADOS and Autism Diagnostic 
Interview-Revised, ADI-R; Rutter et al. 2003) and clinical 
judgment of an expert clinician blind to previous assess-
ments, using DSM-IV-TR criteria (American Psychiatric 
Association 2000). See Zwaigenbaum et  al. (2012) for a 
detailed description of the diagnostic procedure.

Language Delay Language delay (LangD) was defined by 
receptive and/or expressive standard scores that were at 
least 1.5 S.D. below the mean, as measured by the MSEL 
at 36 months of age (also see Mitchell et al. 2006), regard-
less of other developmental impairments.

Analytic Strategy

Trajectory groups for vocabulary and gesture development 
(collected with the M-CDI, from 9 to 24 months) were 
derived using a semi-parametric group-based modeling 
approach (GBM, SAS PROC TRAJ) (Jones et al. 2001; 
Jones and Nagin 2007). SAS PROC TRAJ establishes 
sub-populations of participants from the entire sample 
based on shared characteristics on longitudinal observa-
tions. All the participants with a valid M-CDI assessment 
were included in the analyses (Nagin 1999; see also; Brian 
et al. 2014). For each variable (verbal expression, verbal 
reception, and gestures as measured by raw scores/counts 
from the M-CDI), the number of trajectories was decided 
according to the best model fitting the variation in the data 
(Nagin 1999). An average posterior probability (APP) was 
further obtained for each group resulting from GMB analy-
ses to verify the accuracy of participants’ allocation in the 
correct trajectory group. An APP > 0.70 indicates that par-
ticipants are well assigned to their groups (Nagin 2005). 
After the establishment of the derived trajectory groups, 
PROC TRAJ allows the examination of the association of 
risk factors (predictors) and outcome measures with the 
derived trajectory groups (Nagin 1999; Jones et al. 2001; 
Jones and Nagin 2007). According to the PROC TRAJ pro-
cedure, coefficient estimates, which represent odds ratios, 
define the impact that risk factors have on the probability 
of membership in a specific trajectory group. The depend-
ency between trajectory group membership and outcome 
measure is further modeled through a linear predictor (see 
Jones and Nagin 2007). The association of trajectory group 
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membership with the diagnostic outcome at 36 months was 
evaluated using a Pearson Chi-Square test.

Results

Vocabulary and Gesture Trajectories

Verbal Expression

A 2-group solution was obtained for Verbal Expression 
(see Fig. 1, also see Supplementary Table 1 for details 
on point estimates). Trajectory group 1 (“Low”, n = 450, 

68.2%; 94 LR and 356 HR) was characterized by slower 
acquisition of vocabulary production than in Trajectory 
group 2 (“High”, n = 210, 31.8%; 84 LR and 126 HR). APP 
for “Low” trajectory group was 0.92 and for the “High” 
trajectory group was 0.93, indicating high accuracy of 
group assignment. Comparisons of the estimates of quad-
ratic slopes between the two groups revealed a statistically 
significant difference. However, estimated intercepts did 
not differ significantly between the two trajectory groups 
(see Table 2). Sex distribution within trajectory groups 
differed significantly between groups (p < 0.001) (74.79% 
of boys in the “Low” Trajectory group vs. 60.20% of girls).

Fig. 1  Group-based trajectories 
for M-CDI verbal expression. 
Group percentages of 660 
infants (high-risk and low-risk) 
within each trajectory group. 
Dashed lines depict limits of 
confidence intervals (95%)

Table 2  Trajectory group parameters (for intercept and slope) for M-CDI verbal expression, verbal reception, and gestures

*Indicates significant results
a Comparison between pairs of trajectories indicated significant results (all p < 0.001)
b Comparison between pairs of trajectories indicated significant results (all p < 0.001)
c Comparison between pairs of trajectories did not indicated significant results (all p > 0.17)
d Comparison between “Low” and “High” trajectory groups was not significant (p = 0.15), for all other comparisons p < 0.01

Verbal expression Trajectory groups Comparison

Low High X2, df p-value

Intercept estimate (SD) − 21.17 (6.64) − 32.70 (8.57) 1.12, 1 0.29
Quadratic slope estimate (SD) 4.67 (0.56) 10.68 (0.71) 44.28, 1 < 0.001*

Verbal reception Trajectory groups Comparison

Low Intermediate High X2, df p-value

Intercept estimate (SD) − 11.16 (8.26) − 70.59 (7.65) − 111.76 (10.19) 48.28, 2 < 0.001*,a

Quadratic slope estimate (SD) 4.87 (0.71) 0.52 (0.71) − 11.10 (0.95) 45.58, 2 < 0.001*,b

Gestures Trajectories Comparison

Low Intermediate High X2, df p-value

Intercept estimate (SD) − 7.85 (0.99) − 9.28 (1.10) − 6.23 (1.92) 2.08, 2 0.35c

Quadratic slope estimate (SD) − 0.84 (0.10) − 1.90 (0.10) − 0.57 (0.16) 48.33, 2 < 0.001*,d
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Verbal Reception

A 3-group solution was obtained for Verbal reception 
(see Fig. 2, also see Supplementary Table 1 for details 
on point estimates). Trajectory group 1 indicated slower 
acquisition (“Low”, n = 215, 32.6%; 26 LR and 189 HR), 
Trajectory group 2 indicated an intermediate rate of acqui-
sition (“Intermediate”, n = 327, 49.5%; 92 LR and 235 HR) 
and Trajectory group 3 indicated most rapid acquisition 
(“High”, n = 118, 17.9%; 60 LR and 58 HR) of receptive 
vocabulary. APP for “Low” trajectory group was 0.88, for 
“Intermediate” trajectory group was 0.89 and for “High” 
trajectory group was 0.90, indicating very good to excel-
lent group assignment. Pairwise comparisons of esti-
mates of quadratic slopes and intercepts between trajec-
tory groups were all statistically significant (see Table 2). 
Sex distribution differed within trajectories (p < 0.001) 
(“Low” Trajectory group: 37.67% of boys vs. 26.42% of 
girls/“High” trajectory group: 11.91% of boys vs. 25.08% 
of girls).

Gesture Production

A 3-group solution was obtained for gesture production (see 
Fig. 3, also see Supplementary Table 1 for details on point 
estimates). Trajectory group 1 indicated slower acquisition 
(“Low”, n = 86, 13.0%; 3 LR and 83 HR), Trajectory group 2 
indicated intermediate acquisition (“Intermediate”, n = 339, 
51.4%; 73 LR and 266 HR), and Trajectory group 3 indi-
cated most rapid acquisition (“High”, n = 235, 35.6%; 102 
LR and 133 HR) of gesture production. APP for the “Low” 
trajectory group was 0.85, for the “Intermediate” trajectory 
group was 0.88, and for the “High” trajectory group was 
0.88, indicating very good accuracy of group assignment. 
All pairwise comparisons of the estimates of quadratic 
slopes between trajectory groups were statistically signifi-
cantly different, except for the comparison of “Low” and 
“High” trajectory groups. Estimates of intercepts did not 
differ between groups (see Table 2). Sex distribution dif-
fered within trajectories (p < 0.001) (“Low” trajectory group: 
18.00% of boys vs. 7.02% of girls/“High” trajectory group: 
26.04% of boys vs. 47.16% of girls).

Fig. 2  Group-based trajectories 
for M-CDI verbal reception. 
Group percentages of 660 
infants (high-risk and low-risk) 
within each trajectory group. 
Dashed lines depict limits of 
confidence intervals (95%)

Fig. 3  Group-based trajectories 
for gesture production on the 
M-CDI. Group percentages 
of 660 infants (low-risk and 
high-risk) within each trajectory 
group. Dashed lines depict 
limits of confidence intervals 
(95%)
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Table 3  Clinical and developmental predictors at 6 months of trajectory group membership between 9 and 24 months of age for M-CDI verbal 
expression, verbal reception, and gestures

*Indicates significant results
a Alpha-level was considered significant at p ≤ 0.01 for the MSEL sub-domains according to Bonferroni correction

Trajectory groups Estimate Standard error Test statistic (t), df p-value

Verbal expression
 High vs. low
  AOSI—total score (n = 467) − 0.05 0.03 − 1.64, 465 0.10
  MSEL—early learning composite (SS) (n = 369) − 0.04 32.78 0.00, 367 0.99
  MSEL—visual reception (SS)a − 0.05 27.77 0.00 0.99
  MSEL—expressive language (SS)a 0.05 74.10 0.00 0.99
  MSEL—receptive language (SS)a 0.05 27.22 0.00 0.99
  MSEL—gross motor (SS)a 0.03 13.04 0.00 0.99
  MSEL—fine motor (SS)a − 0.08 16.76 0.00 0.99

Verbal reception
 Intermediate vs. low
  AOSI—total score (n = 467) − 0.02 0.03 − 0.47, 465 0.64
  MSEL—early learning composite (SS) (n = 369) 0.01 0.01 1.27, 367 0.35
  MSEL—visual reception (SS)a 0.01 0.01 0.88 0.38
  MSEL—expressive language (SS)a 0.01 0.01 0.33 0.74
  MSEL—receptive language (SS)a 0.02 0.01 2.39 0.02
  MSEL—gross motor (SS)a 0.03 0.01 3.01 < 0.01*
  MSEL—fine motor (SS)a 0.01 0.01 1.49 0.14

 High vs. low
  AOSI—total score (n = 467) − 0.02 0.03 − 0.78, 465 0.43
  MSEL—early learning composite (SS) (n = 369) 0.04 0.01 1.02, 467 < 0.01*
  MSEL—visual reception (SS)a 0.02 0.01 1.90 0.06
  MSEL—expressive language (SS)a 0.01 0.01 0.70 0.49
  MSEL—receptive language (SS)a 0.03 0.01 2.61 < 0.01*
  MSEL—gross motor (SS)a 0.03 0.01 2.94 < 0.01*
  MSEL—fine motor (SS)a 0.02 0.01 2.32 0.02

Gestures
 Intermediate vs. low
  AOSI—total score (n = 467) − 0.04 0.04 − 1.08, 465 0.28
  MSEL—early learning composite (SS) (n = 369) 0.05 0.02 2.70, 367 0.01*
  MSEL—visual reception (SS)a 0.03 0.01 2.12 0.03
  MSEL—expressive language (SS)a 0.01 0.01 1.42 0.16
  MSEL—receptive language (SS)a 0.04 0.01 2.7 < 0.01*
  MSEL—gross motor (SS)a 0.02 0.05 1.74 0.08
  MSEL—fine motor (SS)a 0.01 0.01 1.80 0.07

 High vs. low
  AOSI—total score (n = 467) − 0.18 0.04 − 4.10, 465 0.001*
  MSEL—early learning composite (SS) (n = 369) 0.07 0.01 4.55, 367 < 0.001*
  MSEL—visual reception (SS)a 0.03 0.01 2.59 < 0.01*
  MSEL—expressive language (SS)a 0.04 0.02 2.22 0.03
  MSEL—receptive language (SS)a 0.04 0.01 3.21 0.001*
  MSEL—gross motor (SS)a 0.03 0.01 2.70 < 0.01*
  MSEL—fine motor (SS)a 0.03 0.01 3.54 < 0.001*
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Predictors and Outcomes

Predictors

We investigated whether predictors (6-month MSEL and 
AOSI scores) were risk factors for trajectory group member-
ship related to verbal or gesture skills on the M-CDI. Table 3 
shows log-odds estimates for each risk factor for each tra-
jectory group relative to the “Low” trajectory group (Nagin 
1999, 2005). Concerning verbal reception, our results show 
that as the MSEL ELC increases, the likelihood of belonging 
to the verbal reception “High” trajectory group increases as 
well; this was also true for gross motor and receptive lan-
guage MSEL subscales (see Table 3). Concerning gesture 
development, increasing ELC on the MSEL was similarly 
related to increased probability of belonging to the “High” 
trajectory group, which also applied to all MSEL subscales 
except expressive language (i.e., visual reception, recep-
tive language, gross motor and fine motor). Higher AOSI 

scores were related to a lower probability of belonging to the 
“High” gesture development trajectory group (see Table 3). 
No predictors were associated with trajectory group mem-
bership for verbal expression (see Table 3).

Outcomes

Table 4 illustrates the mean scores for both MSEL and 
ADOS scores with 95% confidence intervals (CI) for each 
trajectory group and each variable, calculated from the φk 
coefficient estimates and standard errors (Jones and Nagin 
2007). Membership in each of our M-CDI trajectory groups 
(verbal expression, verbal reception, and gestures) was 
related to both MSEL and ADOS outcomes at 36 months: 
as the trajectory group represented more rapid communi-
cation growth, MSEL scores increased and ADOS scores 
deceased, indicating better developmental skills and reduced 
ASD symptom severity. However, the 95% CI overlapped 
between the “Intermediate” and the “High” verbal reception 

Table 4  Clinical and developmental outcomes at 36 months based on trajectory group membership for M-CDI verbal expression, verbal recep-
tion, and gestures

a 95% CI overlapping between the “Intermediate” and the “High” trajectory groups

Verbal expression Trajectory groups
Low High

Mean CI (95%) Mean CI (95%)

ADOS—severity score (n = 567) 3.59 3.33–3.85 2.07 1.71–2.42
MSEL—early learning composite (SS) 

(n = 562)
100.45 98.22–102.68 120.38 117.38–123.37

 MSEL—visual reception (SS) 107.27 104.99–109.54 122.77 119.66–125.89
 MSEL—expressive language (SS) 97.75 95.98–99.52 114.62 112.21–117.03
 MSEL—receptive language (SS) 97.36 95.49–99.24 114.32 111.78–116.87
 MSEL—fine motor (SS) 96.52 94.12–98.92 110.71 107.41–114.00

Trajectory groups

Low Intermediate High

Mean CI (95%) Mean CI (95%) Mean CI (95%)

Verbal reception
 ADOS—severity score (n = 567) 4.15 3.77–4.54 2.66 2.35–2.98 2.08 1.63–2.53a

 MSEL—early learning composite (SS) (n = 562) 93.87 89.74–98.01 110.64 108.00–113.27 120.41 116.71–124.11
 MSEL—visual reception (SS) 102.57 99.06–106.07 116.32 113.55–119.09 121.46 117.47–125.45a

 MSEL—expressive language (SS) 93.33 90.35–96.31 106.36 104.15–108.58 114.02 110.02–117.05
 MSEL—receptive language (SS) 90.84 87.41–94.27 105.72 103.72–108.07 114.15 111.08–117.22
 MSEL—fine motor (SS) 91.69 88.16–95.23 103.54 100.65–106.43 113.24 109.07–117.40

Gestures
 ADOS—severity score (n = 567) 4.88 4.33–5.43 3.19 2.82–3.56 2.04 1.70–2.37
 MSEL—early learning composite (SS) (n = 562) 88.4 80.11–96.69 104.44 101.41–107.46 117.62 114.68–120.55
 MSEL—visual reception (SS) 92.48 85.48–100.06 110.99 108.19–113.80 120.88 118.01–123.75
 MSEL—expressive language (SS) 84.00 78.04–89.96 101.83 99.76–103.90 110.51 108.28–112.74
 MSEL—receptive language (SS) 84.69 73.81–91.58 101.27 99.19–103.34 110.62 108.21–113.08
 MSEL—fine motor (SS) 90.59 87.24–93.94 105.97 103.12–108.82 115.71 108.84–122.57
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trajectory groups for ADOS symptom severity and MSEL 
visual reception, showing no significant differences.

Association Between Trajectories and Diagnostic 
Classification

Autism Spectrum Disorder

At the 36-month visit, 405 HR and 165 LR children under-
went a diagnostic assessment as described above. Of these, 
114 participants (all HR; 78 boys) met criteria for an ASD 
diagnosis (HR-ASD infants). We found a significant asso-
ciation between verbal expression, verbal reception, gesture 
trajectory group membership and ASD diagnosis, compared 
to HR-Non-ASD and LR infants. Most children with ASD 
were in the “Low” trajectory groups for verbal expression 
and verbal reception, and in the “Intermediate” trajectory 
group for gesture development (see Table 5; also see Sup-
plementary Table 2 for mean M-CDI scores at each visit for 
diagnostic group). The same pattern was observed in boys 
and girls separately (boys: verbal expression, X2 = 14.31, 
p < 0.001, verbal reception, X2 = 45.54, p < 0.001, gestures, 
X2 = 41.92, p < 0.001; girls: verbal expression, X2 = 25.05, 

p < 0.001, verbal reception, X2 = 38.83, p < 0.001, gestures, 
X2 = 58.17, p < 0.001).

Language Delay in HR‑ASD Siblings

At the 36-month visit, 390 HR-Sibs underwent a diagnostic 
assessment for both ASD and LangD as described above. 
Of these, 110 participants met criteria for an ASD diagno-
sis, and 58 participants met criteria for LangD. Among the 
HR-ASD siblings, 37 (33.6%) also met criteria for LangD 
(HR-ASD-LangD), and 73 (66.4%) did not meet criteria for 
LangD (HR-ASD-Non-LangD). When we compared these 
two groups and their association with communication tra-
jectory groups, a significant association was seen for verbal 
expression and verbal reception but not Gesture develop-
ment (see Table 6, also see Supplementary Table 2 for mean 
M-CDI scores at each visit for diagnostic group). Further 
analyses observing boys and girls separately revealed the 
same pattern for boys, with a tendency for girls (boys, n = 23; 
girls, n = 11) (boys: verbal expression, X2 = 5.51, p = 0.02, 
verbal reception, X2 = 5.58, p = 0.04, gestures, X2 = 8.84, 
p = 0.12; girls: verbal expression, X2 = 3.48, p < 0.06, verbal 
reception, X2 = 5.82, p = 0.05, gestures, X2 = 4.35, p = 0.11). 

Table 5  Trajectory group membership by diagnostic group (HR-ASD, HR-non-ASD, and LR)

*Indicates significant results

Trajectory groups HR-ASD (n = 114) HR-non-ASD (n = 291) LR (n = 165) Comparison test statistic, df, p-value
n (%)

Verbal expression Low 99 (86.84%) 201 (69.07%) 84 (50.91%) X2 = 40.38, 1, p < 0.001*
High 15 (13.16%) 90 (30.93%) 81 (49.09%)

Verbal reception Low 66 (57.89%) 98 (33.68%) 25 (15.15) X2 = 81.41, 2, p < 0.001*
Intermediate 43 (37.72%) 152 (52.23%) 82 (49.70%)
High 5 (4.39%) 41 (14.09%) 58 (35.15%)

Gestures Low 33 (28.95%) 37 (12.71%) 3 (1.8%) X2 = 93.94, 2, p < 0.001*
Intermediate 70 (61.40%) 157 (53.95%) 64 (38.79%)
High 11 (9.65%) 64 (21.99%) 98 (59.39%)

Table 6  Trajectory group 
membership for HR-ASD 
infants by LangD diagnostic 
group (HR-ASD-LangD and 
HR-ASD-non-LangD)

*Indicates significant results

Trajectory groups HR-ASD-
LangD (n = 37)

HR-ASD-non-
LangD (n = 73)

Comparison test statis-
tic, df, p-value

n (%)

Verbal expression Low 36 (97.30%) 60 (82.19%) X2 = 5.04, 1, p = 0.03*
High 1 (2.70%) 13 (17.81%)

Verbal reception Low 29 (78.38%) 35 (47.9%5) X2 =11.11, 2, p < 0.01*
Intermediate 8 (21.62%) 33 (45.21%)
High 0 (0.00%) 5 (6.85%)

Gestures Low 17 (45.95%) 14 (19.18%) X2 = 8.84, 2, p = 0.12
Intermediate 18 (48.65%) 51 (69.86%)
High 2 (5.41%) 8 (10.96%)
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Finally, we verified the distribution among trajectory groups 
of HR-Non-ASD infants with or without language delay, 
and found a significant difference only in the distribution of 
verbal expression (X2 = 10.12, p = 0.001; see Supplementary 
Table 3).

Discussion

In this study, we examined the variability in growth of com-
munication skills in a large sample of infant siblings at 
high-risk (HR) for ASD and in low-risk infants from 9 to 24 
months of age. Communication, including verbal expression 
and reception, and gesture production, was measured with an 
extensive parent-report questionnaire, the MacArthur Com-
municative Development Inventory (M-CDI; Fenson et al. 
1993). Trajectory groups were derived using a group-based 
trajectory model (GBM) approach, designed to identify 
groups of participants following a similar developmental 
pathway.

With this study, we brought evidence of developmental 
variability in the growth of language and gestures during the 
first 2 years lives of HR and LR infants. In particular, we evi-
denced distinct trajectory groups for verbal expression, ver-
bal reception and gesture development. Two groups showing 
“Low” and “High” language acquisition were derived for 
verbal expression. In contrast, we derived three trajectory 
groups each for verbal reception and gesture development, 
indicating “Low,” “Intermediate” and “High” rates of com-
munication development. At 9 months of age gestures and 
verbal reception development already showed heterogeneity 
(see Figs. 2, 3), as most children had already acquired some 
of these skills. This was not the case for verbal expression. 
This difference could explain the reduced number of trajec-
tories for verbal expression, where we capitalized on par-
ents’ reporting of the emergence of early words (see Fig. 1) 
(also see Charman et al. 2003c; Iverson et al. 2017; Mitchell 
et al. 2006). The observations we have provided for lan-
guage expression include acquisition of first words, which 
is of interest because delayed language onset is among the 
most common reasons for clinical consultation by parents of 
children with ASD (e.g., DeGiacomo and Fombonne 1998).

Similarly, a previous study from Longard et al. (2017) 
analyzed the same sample of HR and LR infants from 6 to 36 
months on MSEL expressive and receptive language stand-
ard scores using a GBM approach. The authors derived three 
trajectory groups on each measure, displaying increasing, 
stable, or decreasing developmental patterns. In contrast, 
in our study the measure of verbal expression yielded only 
two trajectory groups. Longard et al. (2017) used MSEL 
standard scores, hence exploring the developmental course 
of language abilities in reference to typical development 
(also see Brian et al. 2014). This may suggest a difference 

between observations of standardized measures for language 
expression, compared to growth in infants’ vocabulary size 
in HR infants.

Overall, our findings confirm the variability of com-
munication acquisition in children at risk for ASD, in the 
most substantial sample reported to date. All the trajectory 
groups provided by our analyses show growth of language 
and gesture skills, ranging with respect to acquisition rate. 
In the following sections, we will discuss the clinical and 
developmental predictors and outcome related to this vari-
ability for each measure.

Predictors of Communicative Development

Our study demonstrated that clinical and developmental skill 
predictors at 6-months were significantly associated with 
verbal reception and gesture trajectory groups. We did not 
find significant predictors for the verbal expression trajec-
tory groups. As previously discussed, this difference may be 
explained by the reduced variability observed in our verbal 
expression measure especially in the earliest months, which 
led to a two-trajectory, rather than the three-trajectory group 
solution observed for verbal reception and gestures.

We evidenced a positive relationship between motor 
skills and verbal reception and gesture trajectory groups, as 
observed in previous studies including HR-Sibs (Bhat et al. 
2012; LeBarton and Iverson 2013; Leonard et al. 2015). 
More specifically, we found that gross motor skills (with a 
trend for fine motor) were positively associated with verbal 
reception development, whereas both fine and gross motor 
skills were positively related to gesture development. In 
contrast, Leonard et al. (2015) found using MSEL standard 
scores that the relationship between motor development and 
language skills was specific to gross motor skills (with a 
trend for fine motor skills) and expressive (and not receptive) 
language. As previously discussed, use of MSEL standard 
scores can lead to substantially different results than M-CDI 
vocabulary raw scores. In particular, for language expression 
in younger children, the MSEL includes use of some gestures 
(e.g., play gestures) as part of the communicative repertoire. 
Interestingly, we also found that gesture development was 
associated with both fine and motor skills at 6 months. This 
finding could suggest that gesture development, a precursor 
of vocabulary acquisition, could play a significant role in the 
relation between motor skills and language development. 
In sum, our results confirm that motor skills play a critical 
role in the early communication development of HR infants, 
from the first year of life. It is important to note that MSEL 
communication skills at 6 months did not differ between 
LR and HR infants (See Table 1), whereas motor skills did 
differentiate the two groups (despite standard scores that are 
situated within the average range for both groups). As sug-
gested by previous evidence (LeBarton and Iverson 2013; 
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Iverson 2010), this may indicate that motor skills should be 
assessed closely in the first year of life of HR infants, and 
potentially taken into account in early intervention plans.

Beyond motor skills, behavioral symptoms observed 
during the AOSI at 6 months of age were also related to 
gesture development; infants with more behavioral symp-
toms of ASD had a higher probability of being in the group 
with slower gesture growth. To date, existing findings have 
not shown a clear association between AOSI scores at 6 
months and subsequent ASD diagnosis (Estes et al. 2015; 
Zwaigenbaum et al. 2005). Here, we have demonstrated that 
behavioral symptoms may be related to later gesture devel-
opment, which as we will see in the following section is in 
turn related to ASD outcome.

Our results bolster the importance of assessing HR-Sibs 
very carefully in the first years. Early developmental skills, 
as well as behavioral symptoms can be informative about 
future communication development. Advances in research 
on HR-Sibs has led to the development of intervention 
approaches adapted for children at risk under 2 years of age, 
which have been shown to significantly improve nonverbal 
and verbal communication skills (Drew et al. 2002; Rog-
ers et al. 2012; Schertz and Odom 2007; for a review, see 
Bradshaw et al. 2015). Our results suggest that motor skills 
could also affect the development of language and gesture 
acquisitions. Early intervention plans should hence consider 
motor skills as a potential contributor to the development 
of communication abilities (for a discussion see, LeBarton 
and Iverson 2013; Iverson 2010). In addition, future studies 
should clarify the impact that early motor skill interven-
tions may have on communication abilities in children at 
heightened risk for ASD. Refining early intervention tar-
gets to promote language development appears of particular 
importance, considering the high rate of language delays 
in HR-Sibs, those with both ASD and Non-ASD diagnos-
tic outcomes (Messinger et al. 2013; Ozonoff et al. 2014; 
Yirmiya et al. 2006).

Communicative Development and Related Outcome

Verbal expression, verbal reception, and gesture trajectory 
group memberships were all strongly related to 36-month 
outcomes on both developmental and ASD symptom meas-
ures. These results suggest that slower early communica-
tion growth is associated with additional atypical aspects of 
development in individuals with or at risk for ASD. Szat-
mari et al. (2003) previously showed that language skills at 
6 years predicted later developmental outcome in children 
with ASD with an IQ > 70. More recently, Ray-Subramanian 
et al. (2012) also found a relationship between language 
growth from age 2 to 3 years and reduced restricted and 
repetitive behaviors as well as improved nonverbal skills 
at 3 years in young children with ASD. Our results extend 

these findings by providing evidence that communication 
development in the first 2 years is critical for global develop-
ment in HR-Sibs, beyond communication. This observation 
strengthens the suggestion that communication growth rate 
in HR-Sibs should be monitored, as suggested previously 
(see Zwaigenbaum et al. 2009).

Communication trajectory group membership was also 
associated with ASD diagnosis at 36 months. Iverson et al. 
(2017) similarly showed that M-CDI communication trajec-
tories in HR-ASD children were reduced compared to LR, 
HR-non-ASD and HR-non-ASD infants with LangD. We 
confirmed a similar pattern in a much larger sample using 
a different statistical approach (GBM). Whereas the vast 
majority of children with ASD was in the lowest trajectory 
group for both verbal expression and reception, the major-
ity of children with ASD fell in the intermediate trajectory 
group for gesture development. Nonetheless, the percentage 
of HR-ASD children in the lowest gesture trajectory group 
was still higher than that for HR-Non-ASD or LR infants. 
Our large sample allowed us to examine further the speci-
ficity of language delays (LangD) within HR-ASD siblings. 
Interestingly, we found a different distribution of LangD 
among trajectory groups for verbal expression and recep-
tion. HR-ASD infants with LangD were more represented in 
the lower M-CDI communication trajectories than HR-ASD 
infants without LangD. This observation suggests for the 
first time that early communication growth in individuals 
with ASD predicts their future language impairments. How-
ever, early gesture development was not differentially repre-
sented in communication trajectories between HR-ASD with 
or without LangD, suggesting that gesture development is 
less associated with later language impairments than growth 
in verbal skills in infants with ASD. In sum, the growth rate 
of verbal skills in two first years in children with ASD is 
related to later language deficits. From a clinical point of 
view, this suggests that vocabulary acquisition in infants for 
whom there are strong clinical concerns regarding ASD may 
predict not only an ASD diagnosis but also specific language 
impairment.

Our supplementary results additionally showed that ges-
ture scores appear to differentiate outcome groups earlier 
than do verbal scores (see Supplementary Table 2). Spe-
cifically, M-CDI gesture scores distinguished HR-ASD, HR-
Non-ASD and LR infants from 12 months of age, whereas 
verbal expression and reception scores differentiated the 
three groups from 15 months of age. Iverson et al. (2017) 
reported a positive relationship between gesture production 
and later expressive verbal development, which similarly 
suggests earlier impairments of nonverbal communication 
over verbal communication (also see Charman 2003a). The 
gestures included in the M-CDI largely reflect deictic joint 
attention skills (e.g., giving, requesting pointing, showing) 
and pretend play actions (e.g., pretending to be a parent, and 
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imitating other adult actions). Joint attention skills and pre-
tend play are both known to be impaired in young children 
with ASD (Ibanez et al. 2013; Parlade and Iverson 2015; 
Winder et al. 2013) and predictive of language development 
in young children with ASD. Numerous studies have also 
shown that joint attention and pretend play are related to 
language development in both typical and atypical devel-
opment (Ingersoll and Dvortcsak 2010; Jones et al. 2006; 
Murray et al. 2008; Rowe and Goldin-Meadow 2009; Toth 
et al. 2006). We have confirmed that these atypicalities may 
emerge as early as the first birthday in children at risk for 
ASD, suggesting that poor gesture development could be a 
critical early marker for ASD. Future studies should specifi-
cally address the relationship between gesture and language 
measured on the M-CDI and through direct assessment. 
However, this finding supports the need to intervene on 
nonverbal communication as part of the effort to promote 
language development in high-risk infants.

Limitations

Our study presents several limitations. First, the M-CDI is a 
parent-report measure. Parental measures collected within 
HR studies are subject to bias (Iverson et al. 2017; Szatmari 
et al. 2016). In fact, parents of children with ASD tend to 
be more alert to their children’s development than parents 
of children with typical development. The M-CDI has the 
advantage of showing excellent reliability (Fenson et al. 
1993). Moreover, the M-CDI allows for extensive collec-
tion of the vocabulary and gesture repertoire in a child’s 
everyday life. Second, our dataset was unstructured in term 
of the number of participants per visit. More specifically, 
fewer data have been collected at 9, 15 and 21 months of 
age. For this reason, we applied a GBM approach, which 
aims to generalize the derived trajectories for a whole sam-
ple. This statistical method has been used successfully with 
the same sample (Brian et al. 2014; Longard et al. 2017). 
Finally, the M-CDI is intended for children up to 18 months 
of age. Previous research has demonstrated the relevance 
of using the M-CDI in children with ASD older than 18 
months (Charman et al. 2003c). Furthermore, we didn’t 
observe evidence for ceiling effects on the data collected 
with the M-CDI at 24 months (see Supplementary Table 2). 
Finally, we were unable to take into account the interven-
tions that children may have received during study partici-
pation. Future studies should evaluate the impact of early 
interventions on the developmental trajectories of language 
and gesture development.

Conclusions and Clinical Implications

Early variability in gesture and vocabulary growth is a criti-
cal aspect of the early development of infants at high risk 

for ASD. Slower communication growth early in life appears 
characteristic of HR-ASD infants, and even more so of HR-
ASD children with language delay. Developmental surveil-
lance and specific assessment of communication abilities, 
evaluating growth in the gesture and vocabulary repertoires 
of HR infants, should be part of clinical practice. Atypi-
cal communication growth rates in HR infants can inform 
about increased risk for both ASD and LangD outcomes, 
indicating the necessity of intervening as soon as possible. 
In particular, a lower rate of gesture use by the first birthday 
can be associated with a later ASD diagnosis. Early inter-
ventions have shown to be feasible and effective as clinical 
concerns are raised; even before a formal ASD diagnosis is 
confirmed (e.g., Brian et al. 2016, 2017; Rogers et al. 2012, 
2014). Our results further suggest that motor skills may rep-
resent an essential target, beyond more obvious language-
related abilities, in early intervention plans for children at 
risk. Monitoring the growth of gesture and language devel-
opment could indicate developmental disabilities in children 
with a heightened risk for ASD.
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