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Introduction

Current prevalence estimates suggest that autism spec-
trum disorder (ASD) now affects 1 in 68 children (Chris-
tensen et  al. 2016). Early evidence-based intervention for 
children with ASD is associated with improved long-term 
outcomes, making early detection vital (National Research 
Council 2001; Howlin et  al. 2009). The American Acad-
emy of Pediatrics (AAP) has issued guidelines for ASD 
screening at 18 and 24 months (American Academy of 
Pediatrics 2006). Although earlier detection is improv-
ing, average age at first diagnosis remains over age 3 years 
(Fountain et al. 2011). The U. S. Preventive Services Task 
Force concluded that the evidence for efficacy of screen-
ing in community settings is insufficient (Siu and U. S. Pre-
ventive Services Task Force 2016), and specifically noted 
that “there is insufficient evidence to determine if certain 
risk factors modify the performance characteristics of ASD 
screening tests, such as the age at which screening is per-
formed” (Siu and U. S. Preventive Services Task Force 
2016). However, the AAP continues its recommendation 
due to the prevalence and the importance of early detection. 
Therefore, much work remains to be done to improve early 
screening tools and practices to assure the adequacy at all 
recommended ages.

The Modified Checklist for Autism in Toddlers 
(M-CHAT) is an ASD screening instrument widely used in 
primary care (Robins et al. 2001). The M-CHAT is among 
the tools recommended for ASD screening by the AAP 
(American Academy of Pediatrics 2006), and major advo-
cacy groups, such as Autism Speaks (2016). The M-CHAT 
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has replaced the original CHAT (Baron-Cohen et al. 1992) 
which was shown to have excellent specificity and positive 
predictive value (PPV) for early identification of autistic 
children but overlooked too many affected children (Baird 
et al. 2000). While studies of the M-CHAT suggested that 
the modifications of the test corrected the problem with 
sensitivity, these studies were conducted in samples heav-
ily weighted with children already enrolled in clinical 
programs rather than only children presenting for screen-
ing in community primary care practices, which would 
tend to inflate estimates of sensitivity. While more recent 
M-CHAT studies did extend to large community pediatric 
samples (Chlebowski et al. 2013; Robins et al. 2014) clari-
fying estimates of predictive validity that can be expected 
in primary care screening, accurate assessment of sensitiv-
ity has been limited for all autism screening tests, includ-
ing the M-CHAT, because costs and feasibility issues pre-
clude evaluating community samples of children passing 
screening tests. However, when a large community sample 
of children who had M-CHAT screening at 18 months was 
followed with additional questionnaire screens at 3, 5, and 
7 years with evaluations occurring 2 ½ to 8 years later, 2/3’s 
of the children confirmed with ASD in the community had 
not been identified (Stenberg et al. 2014) indicating limited 
sensitivity. Another study of 18-month M-CHAT screen-
ing followed up at age 3 years showed a higher sensitivity 
(0.73) when the pass/fail cut point was decreased over the 
standard one but also causing a referral rate so high (17%) 
as to be of questionable feasibility (Kamio et al. 2014).

Since it is known that about a third of autism cases pre-
sent with developmental regression (Barger et al. 2013) and 
these children may actually appear typically behaving at 
the 18-month visit, we can expect that a symptom report 
screening test may be less sensitive at that age than at 
2 years, justifying recommendation of a second screen by 
the American Academy of Pediatrics. However, since ear-
lier intervention has benefits, screening at the younger age 
is warranted if screening tools have an adequate proportion 
of positive screens confirmed by diagnostic testing, i.e., the 
PPV of the test.

There is reason to believe that the M-CHAT may be 
less accurate when administered at 18 months than at age 
2. M-CHAT authors found lower PPV of 0.28 in younger 
toddlers from a community sample compared to older tod-
dlers (0.61) even when the recommended follow-up inter-
view (M-CHAT/F) (Pandey et al. 2008) was used. A more 
recent study in a community sample suggested that younger 
toddlers may have a lower PPV, though that difference was 
not statistically significant (Robins et  al. 2014). However, 
it should be noted that in this study the required follow-up 
interview was completed an average of 2 months after the 
18-month visit when more symptoms may have emerged or 
parent observation and concern may have been sharpened.

In the initial validation study of the M-CHAT, parents 
reviewed items they endorsed as positive with a research 
assistant over the telephone to determine if the parents 
would confirm their responses when probed with additional 
questions. Additional studies have used a formalized struc-
tured follow-up interview to improve PPV from 0.36 to 
0.72 overall and from 0.11 to 0.68 in a community primary 
care sample (Kleinman et  al. 2008). This follow-up inter-
view (known now as M-CHAT/F) has been designated as a 
“highly recommended” critical part of a two-stage identifi-
cation process (Chlebowski et al. 2013; Robins et al. 2014). 
Recently, it has been shown that the follow-up interview 
can be feasibly incorporated into routine check-up visits 
and is reliable when done with electronic decision support 
by primary care providers (PCPs) (Sturner et  al. 2016). 
Because use of a screen with low PPV increases unneces-
sary worries and expense for families with false positive 
results, M-CHAT screening without the follow-up inter-
view for positives is presently not recommended in low risk 
populations such as routine primary care pediatrics (Robins 
et al. 2014).

With these weaknesses in screening at the more valu-
able early age, it is fortunate that progress in develop-
ing screening tools is being made. There is evidence that 
some children can be identified as early as 1  year of age 
via a parent questionnaire surveying autism symptoms 
(Reznick et  al. 2007) although numbers of children being 
overlooked, PPV, and clinical utility are not yet defined. A 
standard language measure [MacArthur-Bates Communi-
cative Development Inventory (CDI)] has shown promise 
to further enhance those predictions among 1-year-olds 
(Veness et al. 2012), although this lengthy measure is not 
being advocated for use as an ASD screen. Further explo-
ration of the value of standard language measures for 
enhancing prediction of autism outcomes in young children 
seems warranted. Recently, a widely used general develop-
mental screen, the Ages and Stages Questionnaires—3rd 
Ed. (ASQ) (Squires and Bricker 2009) has been shown to 
be a possibly clinically valuable pre-screen for ASD with 
M-CHAT used as the second stage (Hardy et al. 2015).

The objective of this study was to compare the accu-
racy of autism screening between younger and older tod-
dlers using the results of the M-CHAT completed by par-
ents and the follow-up interview completed by PCPs and to 
explore strategies to improve screening accuracy. We stud-
ied the M-CHAT along with the ASQ completed by parents 
online prior to routine check-up visits at 18 and 24 months 
in conjunction with automated presentation of M-CHAT/F 
items to the PCP and instant rescoring at the time of the 
visit. We then conducted multivariate analyses of screen-
ing data to explore the potential for enhancing the PPV of 
an autism screening method by incorporating individual 
M-CHAT item responses with elements of a broad band 
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developmental screen and a standard language measure that 
was administered to parents of children screening positive 
on the M-CHAT who were either M-CHAT/F positive or 
negative.

Methods

Screening

PCPs screened children before routine 18- and 24-month 
visits with the M-CHAT and ASQ as per AAP recommen-
dations. Both tools were completed by parents either at 
home or on a computer or touch pad in the waiting room 
via the online system called CHADIS (CHADIS.com 
2017). Data collection occurred between September, 2009 
and February, 2013. Forty-seven self-selected pediatri-
cians from 22 offices used the M-CHAT/F. These Mary-
land practices were mostly suburban (73%), with some 
rural (18%) and urban locations (9%). Practice estimation 
of office-level demographics showed that 31% of children 
were Medicaid insured (range 5–65%) with 39% white; 
33% African American; 16% Asian; and 8% Hispanic. Of 
the total of 5071 children screened with the M-CHAT, 341 
(6.7%) were positive. The follow-up interview was com-
pleted by the PCP with parents of children with a positive 
M-CHAT (see Fig. 1 for sample flow). The M-CHAT was 
automatically scored, and for each positive screen, the PCP 
was prompted by the online system with the specific ques-
tions to follow up on failed items needed to complete the 
M-CHAT follow-up interview. The online system continu-
ally rescored the M-CHAT/F as items were asked and a 
positive screen was either confirmed or refuted by the scor-
ing logic. The M-CHAT/F, administered online by a PCP 
has been shown to be as accurate as when administered by 
specially trained autism center staff (Sturner et al. 2016).

Diagnostic Testing and Assessment

All children with a positive M-CHAT, regardless of sub-
sequent M-CHAT/F determination, were recruited for 
diagnostic testing at Kennedy Krieger Institute (KKI) 
Center for Autism and Related Disorders. Consent for par-
ticipation was obtained using a protocol approved by The 
Johns Hopkins University School of Medicine Institutional 
Review Board (IRB). The IRB approved the initial phase 
of screening (M-CHAT) as a standard component of care 
requiring no study consent. There was no charge for the 
evaluation and the parents received a subject participation 
stipend. Parents were asked to complete a mailed copy 
of the age appropriate MacArthur-Bates Communicative 
Development Inventory (CDI) (Fenson et  al. 2007) prior 
to the KKI evaluation. If the CDI was not completed by 

the time of the evaluation, the parent was asked to do so 
during the evaluation session. In addition, the M-CHAT/F 
interview was repeated by a KKI staff member over the 
phone at the time the appointment was made. Diagnostic 
testing was completed using the Autism Diagnostic Obser-
vation Schedule, 2nd Ed. (ADOS-2) (Luyster et  al. 2009) 
administered by certified research reliable speech and lan-
guage pathologists. The same evaluator administered the 
Mullen Scales of Early Learning (MSEL) (Mullen 1995). 
KKI evaluators were aware of the study design with knowl-
edge of M-CHAT positive results but were blind to PCP 
M-CHAT/F interview results and other test results. A total 
of 113 parents (18% of M-CHAT positive children) con-
sented for this phase of the study and 98 (16% of M-CHAT 
positives) completed all parent-report measures.

Measures

Screening Instruments

The Modified Checklist for Autism in Toddlers (Rob-
ins et al. 2001) with follow-up interview (Kleinman et al. 
2008) (M-CHAT/F): The 23-item M-CHAT is a parent-
report checklist with items presented in a yes/no format. 
The M-CHAT was derived from the CHecklist for Autism 
in Toddlers (CHAT) (Baron-Cohen et al. 1992). The origi-
nal validation sample included 1293 children 18–30 months 
old with 58 children receiving diagnostic evaluation and 38 
diagnosed with ASD. In this initial study only cases where 
the M-CHAT result was confirmed by a “phone inter-
view” were given a diagnostic evaluation. Only seven of 
these were “low risk” by being selected from primary care 
pediatric settings with the remaining being selected from 
those already in an early intervention program (Robins 
et al. 2001). A discriminant function analysis of that sam-
ple assumed that non-risk children did not have autism and 
found that children could be best classified into the autis-
tic or non-autistic groups based on a score of any two of 
six items considered ‘critical’, or any three items overall. 
M-CHAT together with a confirmatory phone interview 
yielded a sensitivity of 0.87 and specificity of 0.99, with 
a PPV of 0.80. The critical items included those concern-
ing joint attention (proto-declarative pointing, bring-
ing to show, following a point), interest in other children, 
responding to name, and imitation.

The addition of a formalized post-questionnaire tel-
ephone interview (M-CHAT/F) increased sensitivity and 
specificity to 0.97 and 0.99 (Kleinman et al. 2008). The 
follow-up interview is described in a 26-page manual that 
was used to create the online version used in this study. A 
recently revised scoring (M-CHAT-R) follows an analysis 
in a larger sample (16,071) that eliminates three of the 
items, changed the item order, simplified the language 
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of some of the items and requires any three or more 
failed items for an overall fail. The study reported here 
was completed prior to this revision of the M-CHAT and 
therefore used the original scoring.

Ages and Stages Questionnaires 3rd Edition (ASQ) 
(Squires and Bricker 2009): The ASQ is a parent-report 
screen for developmental problems among infants and tod-
dlers, including 21 separate questionnaires at 2-month age 
intervals between 2 and 60  months. Each questionnaire 

Fig. 1   Study sample flow
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includes six questions with a “yes, sometimes, and not yet” 
response set in each of five domains: communication, gross 
motor, fine motor, problem solving, and personal-social. 
Psychometrics, based on data from over 18,000 respond-
ents, yielded agreement of 86% between ASQ and other 
measures of development (range 83–88%). The ASQ is 
among those endorsed for general developmental screening 
by the American Academy of Pediatrics (1994).

The MacArthur-Bates Communicative Development 
Inventory (CDI) (Fenson et  al. 2007): The CDIs are par-
ent-report measures designed to evaluate the communica-
tive skills of young, typically developing children from 
their “early signs of comprehension, to their first nonverbal 
gestural signals, to the expansion of early vocabulary and 
the beginnings of grammar.” The CDI: words and gestures 
(infant form) is designed for use with 8- to 16-month old 
children. The CDI: words and sentences (Toddler form) is 
designed for use with 16- to 30-month old children. Both 
were normed on a large population of monolingual Eng-
lish-speaking children, representing a socioeconomic status 
that was higher than the national average based on 1990 
U.S. census information.

Diagnostic Assessments

Autism Diagnostic Observation Schedule, 2nd Ed. (ADOS-
2) (Luyster et  al. 2009): The ADOS-2, a semi-structured 
behavior observation assessment of social and communica-
tion skills, is the recognized standard test for diagnosis of 
ASD across age, developmental level, and language skills. 
The assessment relies on a series of ‘planned social occa-
sions’ designed to elicit specific social and communica-
tive situations in a standardized way. The ADOS includes 
four separate modules. Each module takes approximately 
40–60  min to administer. Modules 1 through 4 provide 
cutoff scores for autism and autism spectrum classifica-
tions. Modules 1 through 3 also provide a comparison 
score indicating level of autism spectrum-related symptoms 
compared to children with ASD who are the same age and 
have similar language skills. Data collection for this study 
was completed before availability of the Autism Diagnos-
tic Observation Schedule, Second Edition, Toddler Module 
and before the Diagnostic and Statistical Manual of Mental 
Disorders, Fifth Edition, redefinition of autism and social 
communication disorder. The dependent variable was 
the KKI clinical impression of ASD after performing the 
ADOS-2 and MSEL.

Mullen Scales of Early Learning (MSEL) (Mullen 
1995): The MSEL is a standardized developmental test for 
children between 3 and 69  months of age, with five sub-
scales: gross motor, fine motor, visual reception, receptive 
language and expressive language. An early learning com-
posite (ELC) is generated using scores from the fine motor, 

receptive language, expressive language, and visual recep-
tion scales. The ELC provides a developmental quotient, 
which is used to determine the expected levels of commu-
nicative and social functioning which help to inform the 
clinical impression of autism along with the Autism Diag-
nostic Observation Schedule-2 (ADOS-2) results.

Analyses

All analyses were conducted using the statistical com-
puting platform, R (Core Team 2015), and Stata/IC 14.1 
(StataCorp 2015). Descriptive statistics were tabulated on 
demographic characteristics of the sample. Sensitivity was 
calculated based on the sample of children for which diag-
nostic data were available and therefore does not account 
for children in the larger sample who screened negative on 
the M-CHAT.

Applicable receiver operating characteristics (ROC) and 
95% Confidence Intervals were estimated for the M-CHAT 
screen alone, and the M-CHAT with follow-up interview 
(M-CHAT/F). In both cases, the criterion variable was the 
KKI clinical ASD determination made after consideration 
of the results of the ADOS-2 and MSEL.

Comparisons of estimated ROCs were conducted 
between age groups and between M-CHAT and M-CHAT/F 
using z-tests and two one-sided tests of equivalence 
(TOST). Twenty months was determined to be the cutoff 
between age groups that maximized age related screening 
differences.

Since children with false positive screens for ASD may 
nevertheless have developmental difficulties benefitting 
from early intervention, we also examined screening per-
formance against a combined criterion of scores >1.5 SD 
below the mean on two or more Mullen subscales or >2 
SD on any one Mullen subscale (common state eligibility 
criteria e.g., per nectac.org 2015), and/or receiving an ASD 
diagnosis.

Using the R package, rpart: Recursive Partitioning and 
Regression Trees (Therneau et al. 2015) based on the con-
cepts of classification and regression tree (CART) analysis 
(Breiman et  al. 1984), we explored alternative algorithms 
for determining positive ASD screens by including indi-
vidual M-CHAT items, M-CHAT items corrected by the 
M-CHAT/F, ASQ scale scores, and CDI scale scores as 
independent variables. The dependent variable in the model 
was the same KKI ASD determination used as the criterion 
variable for the Screening ROCs. CART is a partitioning 
algorithm with potential utility in clinical practice due to 
the decision tree nature of the results. While the current 
sample is too small and narrow (i.e., no M-CHAT nega-
tives are included in this study) to produce a CART model 
robust enough to form a basis for recommending changes 
to current screening protocols, its use as an exploratory tool 
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may provide direction for further research as we seek better 
ways to identify younger toddlers at risk for autism.

The recursive partitioning algorithm used in this study 
is a non-parametric, nonlinear approach to modeling effects 
and interactions in the data without making assumptions 
about an underlying stochastic model of the data. In other 
words, there is no attempt to fit a function or estimate 
parameters. The algorithm utilizes the non-probabilistic 
Gini splitting criteria to determine which candidate pre-
dictor variables split the cases into the most homogeneous 
groups with regard to the dependent variable (in our case, 
KKI clinical ASD determination). It is an approach that 
assumes the relationships within the data are complex and 
unknown, and follows a stepwise process of creating locally 
optimal partitions within the context of parent partitions. 
As such, CART (as well as most other recursive partition-
ing algorithms) is well suited to exploring a small, highly 
dimensional dataset for insights into potential interactions 
among, and relative importance of, predictor variables.

The CART model was derived from a sample of all chil-
dren from both age groups with non-missing data for cri-
terion variable (n = 98). Using resubstitution on the over-
fitted model, we estimated three sets of ROCs based on 
the entire sample (n = 98), younger toddlers (<20 months; 
n = 48), and older toddlers (20+  months; n = 50). We 
then compared the estimated ROCs for the CART model 
between age groups and against the M-CHAT and 
M-CHAT/F. While the CART ROCs are overinflated and 
not useful for generalizing the model to a larger popula-
tion, they do provide a means to understand potential dif-
ferences between younger and older toddlers in what might 
be important to consider when screening for ASD.

A beneficial feature of CART is the use of surrogate pre-
dictor variables when a case is missing data for the primary 
splitter at any particular node. As such, a variable may 
appear in the tree many times either as a primary or surro-
gate splitter given its overall relative importance (Therneau 
et  al. 2015). This provides an opportunity to consider the 
potential relative importance of the independent variables 
as applied to predicting a KKI clinical ASD determination. 
We calculated an overall measure of importance for each 
independent variable using goodness of split and adjusted 
agreement measures generated for each primary and surro-
gate splitter at each node.

Results

Demographic characteristics of the subjects complet-
ing diagnostic testing with complete data are presented 
in Table  1. Mean age is 22.9  months (s.d. = 6.1) with a 
range of 14.7–40.8  months. The M-CHAT was assigned 
for their “18 month” or “24 month” visit, but parents may 

complete the tool at a slightly older or younger age than the 
M-CHAT standardization age range. As typical for children 
who screen positive for ASD (Halladay et al. 2015), 74.5% 
are male. The demographics show a range of backgrounds 
roughly similar to U.S. national data except that Hispan-
ics are underrepresented. The majority of the respondents 
were biological mothers (90%), and had a college degree 
(67.4%). With the exception of respondent education 
(χ2 = 12.7, p = .048), there were no significant differences 
in demographic characteristics between the two age groups.

The PPV of the MCHAT/F on the entire sample (n = 98) 
was significantly higher than the PPV of the M-CHAT 
alone (0.58 vs. 0.40, z = −2.48, p = .013; see Table  2). 
While the difference between M-CHAT and M-CHAT/F 
remained significant among the older toddlers (0.69 vs. 
0.48, z = −2.16, p = .031), it was greatly diminished among 
younger toddlers (0.36 vs. 0.31, z = −0.46, p = .643).

We did not observe a significant difference nor equiva-
lence of M-CHAT PPV (without follow-up interview) 
between younger and older toddlers (see Table  3). How-
ever, M-CHAT/F PPV (0.69 vs. 0.36, z = −3.32, p < .001) 
and sensitivity (0.75 vs. 0.33, z = −4.14, p < .001) were 
markedly higher among older toddlers as compared to 
younger toddlers, and the false discovery rate was half that 
of the younger age group (0.31 vs. 0.64, z = 3.32, p < .001). 
The difference in specificity was clinically non-meaningful 
and statistically indeterminate (0.73 vs. 0.69).

Use of the combined criterion (ASD/developmental 
delay) increased the M-CHAT and M-CHAT/F PPVs to 
0.68 and 0.88, respectively. The M-CHAT/F PPV for the 
younger age group increased to 0.71, and for the older age 
group, it increased to 0.96 (see Table 4).

CART analyses yielded a model with much higher but 
artificially inflated performance estimates due to the rela-
tively small sample size, over fitting of the model and uti-
lization of re-substitution (see Table  5). Direct compari-
sons of performance between the resulting model and the 
M-CHAT or M-CHAT/F are therefore neither meaningful 
nor valid. However, the estimates do provide insight into 
relative differences of model performance between age 
groups. Differences between age groups on PPV (0.72 vs. 
0.88, younger vs. older, respectively), sensitivity (0.87 vs. 
0.92), and Specificity (0.85 vs. 0.88) were all substantially 
smaller for the CART model as compared to M-CHAT/F, 
an improvement for the younger children. The difference 
in PPV between age groups was statistically significant 
(z = −1.96, p = .50). For sensitivity and specificity, the dif-
ferences were not significant and statistical equivalence was 
indeterminate.

This study provided interesting preliminary information 
on the relative importance of those predictor variables that 
contributed to generation of the CART model (Table  6). 
Language variables carried largest relative importance in 
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contributing to the age-based algorithm described above 
for predicting autism diagnoses. Five of the top ten items 
in relative importance were from the CDI and two were 

language items from the M-CHAT (Responds to name; 
Understands what people say) with the words produced 
scale included.

Table 1   Demographics Overall (n = 98) Under 20 (n = 48) 20 Plus (n = 50) χ2 p value

Gender − − − 0.333 .564
 Female 25.5% 44.0% 56.0% − −
 Male 74.5% 50.7% 49.3% − −

Race − − − 2.718 .257
 Non-White 34.7% 39.6% 28.0% − −
 White 65.3% 58.3% 72.0% − −
 Missing 1.0% 2.1% 0.0% − −

Hispanic − − − 6.005 .050
 Yes 5.1% 0.0% 10.0% − −
 No 93.9% 97.9% 90.0% − −
 Missing 1.0% 2.1% 0.0%

Insurance − − 7.216 .065
 Private 75.5% 79.2% 72.0% − −
 MA/CHIPS 20.4% 12.5% 28.0% − −
 None 1.0% 2.1% 0.0% − −
 Missing 3.1% 6.2% 0.0% − −

Respondent relationship to child − − 3.784 .151
 Biological mother 89.8% 93.8% 86.0% − −
 Other 9.2% 4.2% 14.0% − −
 Missing 1.0% 2.1% 0.0% − −

Respondent education − − 12.702 .048*
 ≤12th grade education 5.1% 4.2% 6.0% − −
 HS diploma or GED 8.2% 2.1% 14.0% − −
 Some college 16.3% 10.4% 22.0% − −
 Associate degree 3.1% 2.1% 4.0% − −
 Bachelor degree 30.6% 31.2% 30.0% − −
 Graduate degree 33.7% 43.8% 24.0% − −
 Missing 3.1% 6.2% 0.0% − −

Table 2   Comparison of 
positive predictive values 
between M-CHAT and 
M-CHAT/F (criterion: ASD 
diagnosis)

PPV SE 95% confi-
dence interval

Difference Equivalence

Z p Z1 p1 Z2 p2

All ages
 M-CHAT 0.40 0.05 0.30 0.49 −2.48 .013* 3.88 <.001 −1.08 .860
 M-CHAT/F 0.58 0.05 0.48 0.67

<20 months
 M-CHAT 0.31 0.07 0.18 0.44 −0.46 .643^ 1.50 .067 0.57 .283
 M-CHAT/F 0.36 0.07 0.22 0.49

20+ months
 M-CHAT 0.48 0.07 0.34 0.62 −2.16 .031* 3.17 <.001 −1.14 .873
 M-CHAT/F 0.69 0.07 0.56 0.82
 Difference*
  Equivalence~ <20 months n = 48
  Indetermi-

nate^
20+ months n = 50
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The CDI words produced subscale is likely to be too 
long to be included in a practical screening regimen. There-
fore, the CART analyses were repeated excluding CDI 
words produced Score. While the relative importance of 
variables changes, the ROCs remained similar to the orig-
inal model. Four of the top ten items were from the CDI 
when the words produced Scale was excluded (Table 7).

CART analyses using the combined criterion of 
ASD/Developmental Delay diagnosis again resulted in 
changes to relative variable importance and, as expected, 
higher ROCs. Using the combined criterion, the ASQ 

developmental screen rose in relative importance (Tables 8, 
9).

Discussion

Consistent with prior M-CHAT research this study sup-
ports use of the M-CHAT/F to identify M-CHAT false 
positives among toddlers older than 20  months of age, 
thereby substantially reducing the number of unnecessary 
referrals for comprehensive autism evaluation (Kleinman 

Table 5   Comparison of 
positive predictive value, 
sensitivity and specificity of 
CART model between younger 
and older toddler age groups 
(criterion: ASD diagnosis)—
words produced included

Measure Value SE 95% confi-
dence interval

Difference Equivalence

Z p Z1 p1 Z2 p2

 PPV
 <20 months 0.72 0.06 0.60 0.85 −1.96 .050* 3.206 <.001 −0.718 .076
 20+ months 0.88 0.05 0.79 0.97

Sensitivity
 <20 months 0.87 0.05 0.77 0.96 −0.80 .425^ 2.393 .008 0.798 .215
 20+ months 0.92 0.04 0.84 0.99

Specificity
 <20 months 0.85 0.05 0.75 0.95 −0.53 .599^ 1.983 .024 0.93 .176
 20+ months 0.88 0.07 0.80 0.97
 Difference*
  Equivalence~ N = 48 for <20 month group
  Indetermi-

nate^
N = 50 for 20 months group

Table 6   Relative variable 
importance—CART model 
between younger and older 
toddler age groups (criterion: 
ASD diagnosis)—words 
produced included

Variable Description Importance

mcdiWFNTile CDI word forms percentile 1.00
mchatAdjAge Age at time of M-CHAT, adjusted for prematurity 0.71
mcdiWENTile CDI word endings percentile 0.38
mfuFinal14PF MCHAT/F item 14: responds to name 0.38
mcdiWPNTile CDI words produced percentile 0.33
mfuFinal02PF MCHAT/F item 2: interested in others 0.33
mcdiCXNTile CDI sentence complexity percentile 0.29
mcdiM3LNtile CDI mean 3 longest sentences percentile 0.24
mfuFinal21PF MCHAT/F item 21: understands what people say 0.19
mfuFinal22PF MCHAT/F item 22: stares at nothing/wanders 0.19
mfuFinal18PF MCHAT/F item 18: unusual finger movements 0.14
mfuFinal08PF MCHAT/F item 8: plays properly 0.10
mfuFinal20PF MCHAT/F item 20: wonder if deaf 0.10
mfuFinal12PF MCHAT/F item 12: Smiles in response 0.05
mchatFUResult M-CHAT/F screening result 0.05
mfuFinal03PF MCHAT/F item 3: likes climbing 0.05
mfuFinal15PF MCHAT/F item 15: looks when you point 0.05
mfuFinal17PF MCHAT/F item 17: looks at same thing 0.05
mfuFinal05PF MCHAT/F Item 5: pretends 0.05
Gender Gender 0.05
mcdiTooOld50 Child was too old for CDI 0.05
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Table 7   Relative variable 
importance—CART model 
between younger and older 
toddler age groups (criterion: 
ASD diagnosis)—no. words 
produced

Variable Description Importance

mcdiWFNTile CDI word forms percentile 1.00
mchatAdjAge Age at time of M-CHAT, adjusted for prematurity 0.74
mcdiWENTile CDI word endings percentile 0.43
mfuFinal14PF MCHAT/F item 14: responds to name 0.39
mfuFinal02PF MCHAT/F item 2: interested in others 0.35
mcdiCXNTile CDI sentence complexity percentile 0.30
mfuFinal21PF MCHAT/F item 21: understands what people say 0.22
mfuFinal22PF MCHAT/F item 22: stares at nothing/wanders 0.17
mcdiM3LNtile CDI mean 3 longest sentences percentile 0.17
mfuFinal18PF MCHAT/F item 18: unusual finger movements 0.17
mfuFinal08PF MCHAT/F item 8: plays properly 0.09
mfuFinal20PF MCHAT/F item 20: wonder if deaf 0.09
mfuFinal12PF MCHAT/F item 12: smiles in response 0.09
mfuFinal15PF MCHAT/F item 15: looks when you point 0.04
mfuFinal17PF MCHAT/F item 17: looks at same thing 0.04
mfuFinal05PF MCHAT/F item 5: pretends 0.04
mchatFUResult M-CHAT/F screening result 0.04
mcdiTooOld50 Child was too old for CDI 0.04
mfuFinal10PF MCHAT/F item 10: looks you in the eye 0.04

Table 8   Relative variable 
importance—CART model 
between younger and older 
toddler age groups (criterion: 
ASD/developmental delay 
diagnosis)—words produced 
Included

Variable Description Importance

mcdiM3LNtile CDI mean 3 longest sentences percentile 1.00
mcdiWPNTile CDI words produced percentile 0.72
mcdiWFNTile CDI word forms percentile 0.68
mchatAdjAge Age at time of M-CHAT, adjusted for prematurity 0.40
mcdiCXNTile CDI sentence complexity percentile 0.36
mcdiTooOld50 Child was too old for CDI 0.20
mcdiWENTile CDI word endings percentile 0.20
asq3Communication ASQ3 communication scale 0.16
asq3FineMotor ASQ3 fine motor scale 0.08
asq3GrossMotor ASQ3 gross motor scale 0.08
mfuFinal01PF MCHAT/F item 1: enjoys being swung 0.04
mfuFinal20PF MCHAT/F item 20: wonder if deaf 0.04

Table 9   Relative variable 
importance—CART model 
between younger and older 
toddler age groups (criterion: 
ASD/developmental delay 
diagnosis)—no. words produced

Variable Description Importance

mcdiM3LNtile CDI mean 3 longest sentences percentile 1.00
mcdiWFNTile CDI word forms percentile 0.63
mchatAdjAge Age at time of M-CHAT, adjusted for prematurity 0.40
mcdiCXNTile CDI sentence complexity percentile 0.37
mcdiWENTile CDI word endings percentile 0.30
mcdiTooOld50 Child was too old for CDI 0.20
asq3Communication ASQ3 communication scale 0.17
asq3FineMotor ASQ3 fine motor scale 0.10
asq3GrossMotor ASQ3 gross motor scale 0.10
mfuFinal01PF MCHAT/F item 1: enjoys being swung 0.03
mfuFinal20PF MCHAT/F item 20: wonder if deaf 0.03
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et  al. 2008; Robins et  al. 2001). However, this study also 
shows that use of the M-CHAT/F does not substantially 
improve the relatively low PPV of the M-CHAT in low risk 
toddlers younger than 20 months, confirming the published 
M-CHAT study (Pandey et  al. 2008) which compared 
screening results between younger and older toddlers, and 
included the use of the M-CHAT/F. Importantly, our results 
better represent the true performance of the M-CHAT/F for 
younger toddlers because, in contrast to these other stud-
ies, the M-CHAT/F was completed at nearly the same time 
as the 18-month check-up rather than via telephone inter-
views an average of 3 months later when tests for ASD all 
have higher PPV (Robins 2008). The implication is that 
recommendations of methods for autism screening at the 
time of the standard 18-month visit may need to differ from 
those for the 24-month check-up. These issues are likely to 
be less relevant to populations of known at risk children, 
such as those already being followed by early interven-
tion programs. Further exploration of these data suggest 
that including additional language and developmental data 
might provide a broader range of variables needed to differ-
entiate these age groups.

Another study of screening 18-month-olds in Japan 
attempted to improve prediction by lowering the threshold 
for a positive M-CHAT (using one critical item instead of 
two) and completing the follow-up interview by phone at 
19–20  months (Kamio et  al. 2014). The lower threshold 
and somewhat different scoring of the M-CHAT resulted 
in a high referral rate (17%) but the PPV was still only 
0.46. Strategies other than simply lowering the threshold 
are needed to make ASD screening as accurate for younger 
toddlers as it is for older ones, especially since referral 
rates are already higher for the younger toddlers as seen in 
this study and that of Pandey et  al. (2008). The false dis-
covery rate was twice as high in the younger group than 
the older one in this study making referral of all positives 
impractical.

It should be noted that while use of a follow-up inter-
view may improve PPV and conserve scarce evaluative 
resources, it will not do anything to improve sensitivity 
and may even overlook children who ultimately have an 
ASD diagnosis identified by the wider filter of the initial 
parent response items (Stenberg et al. 2014). These results 
underline the need to consider early identification as an 
iterative process over time rather than counting on a sin-
gle screen. When the limitations of current screening tools 
are recognized, strategies may be considered for including 
the screening tools as part of a promising system of “devel-
opmental surveillance” using discrete observations by spe-
cially trained PCPs (Barbaro and Dissanayake 2010). While 
there is already a general recommendation by the AAP for 
ongoing surveillance in addition to screening, it may be 
time to consider bolstering the surveillance component 

with this more targeted and enhanced approach, at least 
for the younger toddlers. In addition, clinicians need to be 
aware that prediction improves after 20 months. There may 
be some cases when re-screening the children who fail the 
M-CHAT/F at the 18-month visit 2 months later might be 
deemed appropriate. This would, of course, not include 
cases where there is reason for concern based on issues 
raised through a surveillance process or current parent or 
clinician concern.

The results of this study and that of Pandey and col-
leagues are quite similar, with PPV for predicting a clinical 
diagnosis of ASD in this study of 0.69 for the older toddlers 
and 0.36 for the younger ones, compared to 0.61 and 0.28 
for the corresponding age groups of Pandey. These studies 
also point to differences in PPV when considering children 
with either developmental delays or ASD outcomes (ASD/
DD) using a common criteria for offering developmental 
services in U. S. government sponsored early intervention 
services to define developmental difficulties. For the com-
bined ASD/DD criterion PPV was higher for the older age 
group in both studies, 0.96 in this study and 0.95 in the 
Pandey study, compared to 0.71 and 0.72 in the younger 
age group. This suggests that, while most of the children 
being referred from M-CHAT screening at the 18  month 
visit may be found to have a developmental difficulty, the 
difficulty is less likely to be ASD than something else. This 
does not support the claim that the M-CHAT is an autism 
specific screen at this age. While the M-CHAT is one of 
the tools considered to be “autism specific” rather than a 
“broad band” developmental screen, our study confirms 
that children failing the M-CHAT and M-CHAT/F screen 
who are not determined to have an ASD diagnosis are still 
likely to have developmental difficulties severe enough to 
qualify for early intervention services. We may, therefore, 
want to think of the MCHAT as a broader clinical develop-
mental screening tool that has the added benefit of picking 
up on autism—rather than counting on the tool to be the 
complete answer for autism identification.

There are a number of possible explanations regard-
ing the difficulty in effectively detecting ASD in younger 
children. For example, the age of onset of symptoms var-
ies, with 22–41% of cases regressing from apparently typi-
cal development or only mild delays to signs of ASD after 
16 months (Barger et al. 2013). In those cases, most show 
clear signs by 24  months, warranting the second recom-
mended screening age (Academy of Pediatrics 2006). In 
addition, atypical odd and repetitive behaviors may not 
appear until the end of the second year (e.g., Veness et al. 
2012). Prospective studies indicate that ASD symptoms 
may emerge gradually in the toddler age group (Landa et al. 
2007, 2013; Ozonoff et al. 2008). Specifically children mis-
classified at 18 months in a prospective studies of siblings 
of a proband with ASD were higher functioning, and their 
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autism symptoms increased between 18 and 36  months 
(Chawarska et al. 2014). Children who present for asymp-
tomatic screening are more likely to be higher functioning 
than those who are identified because of specific parental 
concern simply because they have more reassuring devel-
opmental features as well as less autistic features. The yes/
no format of the M-CHAT may also not capture the “some-
times” status of the behavior at a point in time when it is 
not fully emerged through development and may be better 
captured by a more dimensional screen such as the Quanti-
tative or Q-CHAT (Allison et al. 2008). However, in addi-
tion to the children who are actually typical before regres-
sion, it also may not be reasonable to expect some bright 
children with mild ASD to be detectable as young toddlers.

Between 18 and 24 months is a time of great expressive 
language emergence. Evidence of adequate language devel-
opment appeared to be an important differentiator between 
children who did not show evidence for ASD from those 
who did. This study provides evidence that beginning use 
of more advanced language forms as measured by a Mac-
Arthur-Bates Communicative Development Inventory has 
potential to be one of the major factors differentiating risk 
from non-risk for ASD in both age groups. For children 
who are positive on the M-CHAT screen for autism phe-
notype, additional items indicating that the child is begin-
ning to exhibit language forms that are just emerging at that 
developmental age contribute to more accurate decision 
rules for autism evaluation referrals. However, use of lan-
guage measures standardized by age have not been a part 
of autism specific screening tests such as M-CHAT, which 
uses the same items and same scoring across this entire 
age range. Some of the additional language items which 
improve prediction are relatively brief ones, but the CDI 
vocabulary inventory (words produced subscale) is prob-
ably too lengthy (680 words) to be considered practical for 
inclusion in a screening battery, even as a follow-up. How-
ever, existing short forms should be explored and, recently, 
an even more abbreviated computer adaptive version has 
been developed which is highly correlated with the longer 
version (Makransky et al. 2016). Issues of efficiency should 
be weighed in the development of screening tests suitable 
for younger toddlers. However, even without the use of this 
vocabulary subscale, other briefer CDI items still enhance 
prediction for the youngest group of toddlers almost as 
well. In addition, if the salience of language items in multi-
variate models predicting autism diagnoses in toddlers can 
be replicated, this may have implications for rethinking the 
centrality of language in the way autism is defined, such as 
when comparing the prominence of language functioning 
in DSM-4 criteria vs. its lesser role in DSM-5.

While the ASQ developmental screening items did not 
significantly contribute beyond the CDI items to improve 
prediction of autism for young toddlers, this routine screen 

does make a significant contribution to a model predict-
ing developmental delay as well as ASD for children who 
were positive on the M-CHAT screening test. It should be 
noted that the screening power of the language items found 
in this study may result from language being a better proxy 
for overall developmental level or IQ than the ASQ. This 
study also suggests that a different pattern of behaviors 
may characterize emerging ASD in the 18-month visit age 
group than seen as toddlers approach age 2 years. In addi-
tion, demonstration of more advanced language abilities at 
the younger toddler age may reassure that there is no ASD 
diagnosis obviating the need for additional assessments.

The decision trees developed through CART analyses 
models are too exploratory at this point for clinical applica-
tion. If replicated, computer systems presenting screening 
items to parents could vary item presentation depending on 
the pattern of prior item responses to make a more accurate 
screening process. Some parents will have a short screen-
ing session and others somewhat longer with the variable 
pattern of item presentation generated through an algorith-
mic item selection process.

Conclusions

The known heterogeneous etiology of ASD (e.g., Scherer 
and Dawson 2011) and its dynamic natural history present 
challenges that require different screening and assessment 
strategies at different ages. The two age groups described 
in this study are of practical relevance to child health care 
delivery because they correspond to two of the standard 
well-child visits that are ones at which autism screening is 
recommended by the American Academy of Pediatrics (18 
and 24 months) (American Academy of Pediatrics 2006).

There is an understandable desire of screening test 
developers to employ simple scoring such as a total score 
for all ages of children. However, such ease of use comes 
at the cost of precision. While confirmation of the strate-
gies suggested in this study is essential before clinical 
application, optimal scoring is likely to be complex, differ 
by age and gender and be difficult to remember and score 
unless aided by a computer. Computer-aided parent report 
screening technologies now allow for more sophisticated 
algorithms without placing undue burden on parents or 
clinicians.

Limitations

There are limitations to this study that must be consid-
ered when interpreting results. First, while a community 
pediatric practice population was sampled, there was no 
attempt to assess children passing the screening. Also, 
the subsample consenting and completing diagnostic 
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testing was skewed by not being fully representative since 
many parents declined participation. While there was an 
attempt to identify missed cases by recruiting all children 
who screened positive before the follow-up interview, the 
estimate of sensitivity for the entire community sample 
remains artificially high because all the screened negative 
children were not evaluated. Fewer than half of the PCPs 
in participating offices joined the study and administered a 
M-CHAT/F when indicated, and only a third of M-CHAT/F 
positives were evaluated at the KKI Autism center. Addi-
tionally, the sample size is relatively small. However, the 
sampling procedures at the 18-month visit were the same as 
at 24 months with similar demographic characteristics sug-
gesting that these sampling issues are unlikely to confound 
the issue of age differences, the central issue of this report. 
However, by using the office assignment to a “18 month” 
or “24 month visit” rather than limiting subject enrollment 
by actual age, the sample included a few children who 
were a bit younger and a bit older than the standardization 
of the test. It should also be noted that the version of the 
M-CHAT used here was the 23-item earlier version, but 
we do not have a reason to believe that the slight item and 
wording modifications would affect the younger toddler age 
group differently than the older group.
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