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Question  What is the effectiveness of a multistage screening protocol for autism spectrum disorder (ASD)
implemented in the Individuals With Disabilities Education Act Part C (hereafter, Part C) early intervention
(EI)?

Findings  In this difference-in-difference analysis, ASD screening in EI was associated with a 60% increase
in ASD diagnoses compared with standard care. Improvements were greater among Spanish-speaking
families compared with English-speaking families.
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Meaning  Screening for ASD in EI may improve ASD detection and reduce in health disparities.

Importance  The American Academy of Pediatrics recommends referring children at elevated risk of
autism spectrum disorder (ASD) for Part C early intervention (EI) services, but notes that EI services often
fail to provide ASD screening.

Objective  To evaluate the hypothesis that a multistage screening protocol for ASD implemented in 3 EI
settings will increase autism detection, especially among Spanish-speaking families.

Design, Setting, and Participants  Difference-in-differences analyses with propensity score weighting of a
quasi-experimental design using administrative data on 3 implementation EI agencies and 9 comparison EI
agencies from 2012 to 2018 provided by the Massachusetts Department of Public Health. Eligible children
were aged 14 to 36 months, enrolled in EI, had no prior ASD diagnosis or medical condition precluding
participation, and had parents who spoke English or Spanish. The final analytic sample included 33 326
unique patients assessed across 150 200 person-quarters.

Exposures  Multistage ASD assessment protocol including ASD screening questionnaires, observational
screener, and diagnostic evaluation.

Main Outcomes and Measures  Increased incidence of ASD diagnoses as documented in Department of
Public Health records and reductions in language-associated health care disparities.

Results  Implementation of screening at 3 EI sites was associated with a significant increase in the rate of
ASD diagnoses (incidence rate ratios [IRR], 1.6; 95% CI, 1.3-2.1; P < .001), representing an additional 8.1 di-
agnoses per 1000 children per quarter. Among Spanish-speaking families, screening was also associated
with a significant increase in the rate of ASD diagnoses (IRR, 2.6; 95% CI, 1.6-4.3; P < .001), representing
15.4 additional diagnoses per 1000 children per quarter—a larger increase than for non–Spanish-speaking
families (interaction IRR, 1.8; 95% CI, 1.0-3.1; P = .005). Exploratory analyses revealed that screening was
associated with a larger increase in the rate of ASD diagnoses among boys (IRR, 1.8; 95% CI, 1.4-2.3; P 
< .001) than among girls (IRR, 1.1; 95% CI, 0.6-1.7; P = .84).

Conclusions and Relevance  In this study, associations between increased rates of ASD diagnoses and re-
ductions in disparities for Spanish-speaking households support the effectiveness of multistage screening
in EI. This study provides a comprehensive evaluation of ASD screening in EI settings as well as a rigorous
evaluation of ASD screening in any setting with a no-screening comparison condition. Given that the in-
tervention included multiple components, mechanisms of action warrant further research, as do dispari-
ties by child sex.
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With federal funding through Part C of the Individuals with Disabilities Education Act, all US states and
territories offer Early Intervention (EI) developmental services for families of children younger than 3
years. These services are critical for addressing autism spectrum disorder (ASD)—a condition identified in
about 1 in 54 children in the US,1 most frequently after age 3 years.2 The American Academy of Pediatrics
(AAP) recommends that “once a child is determined to be at risk for a diagnosis of ASD…a timely referral
for clinical diagnostic evaluation and early intervention or school services is indicated.”3 Indeed, the US
Preventive Services Task Force observes that “for many primary care providers, the most common referral
pathway is a referral to Early Intervention (Part C) programs within their states.”4

As the US Preventive Services Task Force notes, “State Part C systems are increasingly incorporating spe-
cific ASD screens into their own eligibility process,”4 and there are many good reasons for doing so. First,
many of the AAP’s reasons for recommending ASD screening in pediatric settings apply equally to EI. Like
primary care clinicians, EI specialists have “critical access to the child,”3 which can be leveraged “to iden-
tify symptoms of ASD early in childhood, support the family through the process of diagnosis and
intervention,”3 and help the family engage in shared decision-making. Second, because EI specialists typi-
cally meet frequently with families, they are often well-situated to address common challenges to pedi-
atric care, such as promoting follow-through with “referral for and tracking of evaluation and services.”3

Third, evidence suggests that universal screening in pediatric settings is not sufficient to detect and diag-
nose all children with ASD. As the AAP notes, “Early screening does not identify many children with milder
symptoms and typical cognitive ability as at risk for ASD”3—an observation that is consistent with recent
data demonstrating that less than half of children diagnosed with ASD by age 4 years have positive
screening scores on standard screening questionnaires.5 Because EI serves children younger than 3 years,
it is an ideal setting to enhance early detection.

However, availability and intensity of EI services vary widely, especially for children with ASD. As the AAP
notes, “Pediatricians cannot assume that early intervention systems will screen participants being served
for language or global delays for ASD at the recommended ages.”3 To address this gap, we implemented
an evidence-based, multistage screening protocol in 3 large EI sites. In addition, extensive research docu-
ments that low family income, racial or ethnic minority status, and being non–English-speaking are associ-
ated with less timely diagnoses of ASD.6-9 Therefore, our protocol sought to address health disparities.

In prior work,10 we demonstrated that implementation of our EI screening protocol resulted in a high pro-
portion of ASD diagnoses and that there were no differences in rates of participation or referral with re-
spect to race, ethnicity, or language at any stage in our screening process. In this report, we evaluate the
screening protocol using a large administrative data set maintained by the Department of Public Health
(DPH) that includes records of all children served by EI statewide, allowing inclusion of all children re-
gardless of participation in screening. Identification of 9 additional EI sites that serve populations similar
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to those at the 3 implementation sites offers a standard care comparison condition. Using a quasi-experi-
mental design to test the degree to which diagnosis of ASD increased following implementation com-
pared with preimplementation and no-implementation controls, we applied econometric methods using
difference-in-differences with propensity score weighting to estimate the effectiveness of our multistage
screening protocol.

Data Source
Administrative records from 12 EI agencies collated by the Massachusetts DPH included demographic
data, individual family service plans, insurance claims for EI services, and ASD diagnoses. Institutional re-
view boards from UMass Boston University and the Massachusetts DPH approved this study, and individ-
ual consent was not required because analyses were limited to secondary analysis of administrative data.
The study period was July 1, 2012, the first year when ASD diagnoses were reliably tracked by the DPH, to
June 30, 2018, 2 years after implementation at the third study site. Data were analyzed from October
2019 to July 2021. The study followed the Transparent Reporting of Evaluations With Nonrandomized
Designs (TREND) reporting guideline and the Reporting of Studies Conducted Using Observational
Routinely-Collected Data (RECORD) guidelines.

Study Sample
At all sites, all children who met eligibility criteria for the screening intervention were included in our
sample. Exclusion criteria were assessed based on DPH data (Figure 1), including child age younger than
14 months, prior ASD diagnosis, and insufficient enrollment duration to complete screening (less than 2
months). In practice, children with chronic health conditions that precluded participation and parents with
insufficient English or Spanish language proficiency to complete questionnaires were also excluded, but
these criteria were not recorded in DPH data sets. Therefore, the analytic sample may be overly inclusive
of children who were not actually eligible for screening. The final analytic sample consisted of 33 326
unique patients assessed across 150 200 person-quarters.
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Figure 1.  Children in Analytic Sample

Children in Analytic Sample

Multistage Screening Protocol

Methods
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Whereas research often focuses on the psychometric properties of screening instruments,4 our protocol
emphasizes ASD screening as a process that includes clinician and parent decision-making. Previous publi-
cations detail the protocol using standardized checklists11 and multimethod process maps to compare en-
acted implementation with original protocols.12 Here, we summarize protocol elements at the level of the
family, EI specialist, and EI practice.

Family-Level Protocol

Parents of eligible children had the opportunity to participate in a multistage assessment protocol. In
stage 1, EI specialists administered 2 screening questionnaires: the Brief Infant Toddler Social Emotional
Assessment (BITSEA),13 which includes an ASD scale, and the Parent’s Observations of Social Interactions
(POSI).14 ,15 In stage 2, EI specialists administered the Screening Tool for ASD in Toddlers and Young chil-
dren (STAT).16 ,17 Families were referred to the next stage if the child had positive screening scores or if
the EI specialist or the parent(s) expressed concern about ASD. Stage 2 was followed by a university-
based diagnostic evaluation that included a comprehensive ASD evaluation. Child assessments were ad-
ministered by postbaccalaureate research assistants or doctoral students in clinical psychology who were
trained to research reliability and who were supervised by licensed psychologists who participated in the
evaluations (eAppendix in the Supplement, section I.b.). Evaluations included the Autism Diagnostic
Observation Schedule, Second Edition,18 the Mullen Scales of Early Learning,19 the Vineland Adaptive
Behavior Scales, Third Edition, parent or caregiver interview,20 and a developmental and medical history
questionnaire. Final Diagnostic and Statistical Manual of Mental Disorders (Fifth Edition) ASD diagnoses
were based on the clinician’s evaluation and reported to parents and their EI specialists.

EI Specialist–Level Protocol

EI specialists received training in person and/or via prerecorded sessions throughout the implementation
period. Training focused on scoring of stage 1 screening questionnaires, heterogeneity of ASD presenta-
tion, and discussing concerns with parents. In addition, select EI specialists received advanced training to
administer the STAT. All EI specialists were encouraged to attend ASD diagnostic evaluations and feed-
back sessions, which offered contact with experienced clinicians.

EI Site-Level Protocol

Implementation leaders met with EI program directors at least twice per year. In addition, each site was
assigned a research assistant to facilitate distribution of screeners and support scoring. Research staff met
with the STAT-trained teams several times per year to review videos and discuss concerns. Finally, re-
search staff met with state-level policy makers and presented at local EI conferences to maintain program
support.

To mitigate linguistic disparities for Spanish-speaking families, who made up a significant proportion of
the population at the 3 study sites, we provided all materials in Spanish and English, ensured that
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Spanish-speaking EI specialists were trained in the STAT, and hired bilingual research staff to complete
evaluations and provide feedback in Spanish.

Implementation and Comparison Groups
The implementation group included all children who were eligible for screening at 1 of the 3 study sites
after implementation of the screening intervention. The 3 sites were chosen from neighborhoods desig-
nated by the city of Boston, Massachusetts, as having high levels of poverty and health disparities. To op-
timize resources, the screening intervention was implemented at no more than 1 site per year (in 2013,
2014, and 2016), resulting in a staggered design. The comparison group included children who met eligi-
bility criteria from the 9 EI sites that did not participate in the screening study. These EI sites were chosen
from the greater Boston area because they served patient populations that were sociodemographically
similar to those at the 3 implementation EI sites (eAppendix in the Supplement, section I.b.).

Outcome Measure
The primary outcome was a binary variable indicating quarter of first diagnosis of ASD, which was ascer-
tained from DPH files based on the presence of date of diagnosis in the ASD-specific file, record of ASD
diagnosis at discharge or intake, ASD-specific services outlined in an individualized family service plan,
and/or receipt of ASD-specific services. To verify the reliability of the outcome measure, administrative
records were linked to research study databases, which included records of ASD diagnoses conducted at a
university clinic.10

Statistical Analyses
A propensity score–weighted difference-in-difference approach was used to evaluate change in outcomes.
The unit of analysis was the person-quarter. This approach compares outcomes at implementation sites
with comparison sites both before and after intervention while accounting for secular trends21 derived
from the baseline period. To account for baseline sociodemographic differences between implementation
and comparison sites and changes in population characteristics over time, we included inverse probability
of treatment weights based on propensity scores to balance on observable characteristics,21 including
child sex, race and ethnicity, preferred language (Spanish vs English), poverty status, and public insur-
ance. To do so, we used a multinomial logistic model to estimate propensity scores reflecting the proba-
bility of each EI recipient being attributed to the following groups: (1) an intervention site preimplemen-
tation, (2) an intervention site postimplementation, (3) a comparison site preimplementation, (4) a com-
parison site during implementation (after the first site but before the last site initiated screening), and (5)
a comparison site postimplementation. For each individual, weights were calculated as the ratio of the
propensity associated with being in an implementation site in the preimplementation period to the
propensity associated with the site or period to which they actually belonged. This approach supports es-
timation of average treatment effects on the individual. Weights were truncated at the 99th percentile
then stabilized to a mean of 1. Whereas regression analyses revealed statistically significant differences
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between implementation and comparison sites at baseline, after generating propensity scores, the distri-
bution of each covariate was balanced across groups, with a standardized difference of no more than
20%.22 To address assumptions underlying the difference-in-difference method, we also graphically and
statistically tested for differences in preintervention trends for the weighted treatment vs comparison
groups. To estimate the effect of the intervention on incidence of ASD, we used generalized estimating
equations with a Poisson distribution and log link using the general model structure below:

Yiq = β0 + β1 × Screeningi + β2 × Quarterq + β3 × (Screeningi × Post Periodq) + β4 × X′iq + μi + εiq

The outcome variable Yiq is indexed to child i in quarter q. Given the staggered design, we included an in-

teraction term to indicate the postimplementation period at the intervention sites, which reflects the ef-
fect of the multistage screening intervention, as well as fixed effects for sites (μ) and quarter.23 All mod-
els applied inverse probability of treatment weights based on propensity scores and controlled for a vec-
tor of child-level covariates to produce doubly robust estimates,24,25 specified exchangeable correlation
structures using robust standard errors to account for repeated patient measures, and reported incidence
rate ratios (IRRs), which represent the adjusted interaction between intervention and time. An IRR greater
than 1 indicates that the independent variable was associated with greater rates of ASD diagnoses per
quarter.

Potential heterogeneity of treatment effects26 by subgroup were analyzed by interacting the difference-
in-difference term with select covariates. Subgroup analyses fell into 3 categories: a confirmatory analysis
of our hypothesis that multistage screening would have a greater effect for Spanish-speaking than for
other families, descriptive analyses of subgroups defined by study site (because of interest in the consis-
tency of implementation) and child sex (because of a prior finding that girls were less likely to be
screened and less like to have positive screening scores than boys10), and exploratory analyses of all other
covariates as well as stratification on the propensity score.26 Because statistical power for tests of inter-
action is lower than for main effects,26 results were presented for confirmatory and descriptive subgroup
analyses regardless of statistical significance.

Analyses were conducted in Stata version 16 (StataCorp), and α = .05 was considered statistically signifi-
cant. To account for missing demographic data (≤2.8% of cases per covariate), 20 multiple imputations
(MI) were conducted using chained equations. Further detail regarding analyses and variable coding is
provided in the eAppendix in the Supplement, section II.

Study population characteristics are presented in Table 1. Prior to applying inverse probability of treat-
ment weights, study populations at implementation sites vs comparison sites included fewer White indi-
viduals (52.8% vs 83.1%), more Spanish-speaking parents (28.9% vs 12.5%), more children with public in-
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surance (75.4% vs 60.4%), and more families living below 200% federal poverty level (66.9% vs 54.2%).
After weighting using propensity scores, these differences diminished to within prespecified levels.
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Table 1.  Child and Family Characteristics Before and After Multiple Imputation (MI) and Propensity
Weighting

Child and Family Characteristics Before and After Multiple Imputation (MI) and Propensity Weighting

Association Between Screening and Incidence of ASD
Linear trends at implementation and comparison sites were not statistically different in the preimplemen-
tation period, and graphical analyses revealed no further evidence of difference (Figure 2). Comparison
sites displayed a secular trend toward increased incidence of ASD diagnoses across the study period (IRR,
1.02 per quarter; 95% CI, 1.01-1.03; P < .001) and graphical analysis suggests heterogeneity in incidence of
ASD over time (eAppendix in the Supplement).

 View Large  Download

Figure 2.  Incidence Rates by Implementation Site Compared With Comparison Sites

Incidence Rates by Implementation Site Compared With Comparison Sites

Incidence rates represent adjusted values derived from subgroup analyses by intervention
site. Covariates include insurance status, preferred language, child race, child sex, and
family income with missingness (<3% per variable) addressed through multiple imputa-
tion. Analyses also included inversed probability weights based on propensity scores.

Overall, implementation of the screening intervention at the 3 EI sites was associated with a significant in-
crease in the rate of ASD diagnoses compared with baseline (IRR, 1.6; 95% CI, 1.3-2.1; P < .001) (Table 2),
representing an additional 8.1 diagnoses per 1000 children per quarter. The magnitude of effect was simi-
lar across sites, and we observed no statistical difference in the effect of intervention between EI sites.
However, when intervention effects were analyzed individually by site, 1 site did not show a statistically
significant effect.
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Table 2.  Association Between Screening Intervention and Autism Spectrum Disorder (ASD) Incidence in

Early Intervention (EI) Settingsa

Association Between Screening Intervention and Autism Spectrum Disorder (ASD) Incidence in Early
Intervention (EI) Settingsa

Heterogeneity of Treatment Effects
As hypothesized, screening was associated with a larger increase in ASD diagnoses for Spanish-speaking
families than for other families (interaction IRR, 1.8; 95% CI, 1.0-3.1; P = .04). Among Spanish-speaking
families, the screening intervention was associated with increased incidence (IRR, 2.6; 95% CI, 1.6-4.3; P 
< .001), representing 15.4 additional diagnoses per 1000 children per quarter. In comparison, the screen-
ing intervention was associated with a smaller increase among non-Spanish-speaking families (IRR, 1.5; CI,
1.1-1.9; P = .005), representing 6.9 additional diagnoses per 1000 children per quarter.

Consistent with prior research in the intervention subsample demonstrating that boys were more likely to
be screened and more likely to have positive screening scores than girls, descriptive subgroup analyses re-
vealed that, compared with baseline, the screening intervention was associated with a larger increase in
ASD diagnoses among boys than among girls (interaction IRR, 1.7; 95% CI, 1.0-2.9; P = .04). For boys, the
association between the screening intervention and increased incidence was high (IRR, 1.8; 95% CI, 1.4-
2.3; P < .001), representing 14.8 additional diagnoses per 1000 children per quarter. In comparison, the
association between screening and increased incidence was lower among girls (IRR, 1.1; 95% CI, 0.6-1.7; P 
= .84), representing 0.5 additional diagnoses per 1000 children per quarter. Exploratory subgroup analy-
ses were nonsignificant for other variables, including insurance status, poverty level, race, and propensity
scores.

This difference-in-difference analysis found that implementation of multistage screening in EI settings
was associated with significant increases in the diagnosis of ASD, especially among Spanish-speaking fam-
ilies. To our knowledge, this represents the first comprehensive evaluation of ASD screening in EI settings,
as well as the first rigorous evaluation of ASD screening in any setting to apply quasi-experimental
methodologies with a no-screening comparison.

Limitations
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We note several limitations. Causal inferences based on econometric methods should be made with cau-
tion. Propensity scores mitigate measured but not all unmeasured confounding, and results most likely
generalize to diverse urban families similar to those served by our intervention sites. Difference-in-differ-
ence designs address potential confounders that vary across groups as long as they are time invariant, and
they address time-varying confounders as long as trends are equivalent across sites23; however, site-by-
time interactions are unaddressed. In addition, while the sample size was large, the study may have been
underpowered for exploratory analyses. Moreover, while screening was associated with increased inci-
dence, explanatory mechanisms warrant further research. The theoretical foundation of the multicompo-
nent protocol rests on prior work demonstrating that cut scores for screening questionnaires typically dis-
play modest predictive values27 that are insufficient to justify referral decisions28 and that optimal deci-
sion thresholds are informed by evidence regarding the risks, costs, and benefits of referral.29 For this
reason, training emphasized use of clinical judgment to identify risk among children with negative screen-
ing results as well as sensitivity in discussions with families to maximize engagement. Indeed, prior re-
search on our screening protocol demonstrates that parents often experience high levels of stress during
the process of screening and diagnosis,30 and that inclusion of clinical concern as a sufficient ground for
referral was effective in improving case detection.31 In addition, enhanced diagnostic services may have
influenced clinical decisions by increasing the potential benefit of referral. Further research is required to
determine whether these elements represent core features that are necessary to achieve intervention
effects.32 Further research is also needed on cost and sustainability, especially given that access to diag-
nostic evaluations was enhanced as part of screening implementation.

Nonetheless, the results emphasize the importance of monitoring for health disparities in ASD diagnoses.
On the one hand, our protocol was designed to reduce diagnostic disparities and results generalize most
clearly to racial and minority populations. In particular, the protocol was designed to engage Spanish-
speaking families and results demonstrate that screening was associated with more robust outcomes in
this population. However, results also suggest that screening was associated with much larger gains for
boys than girls—a finding that builds on prior research demonstrating that EI specialists were less likely to
screen girls than boys.10 This finding was unexpected, underscoring the importance of monitoring to ad-
dress potential disparities as they emerge.

In summary, the results of this study demonstrate potential for screening in EI to contribute to improve-
ments in autism detection and service receipt. As one US Preventive Services Task Force member ob-
served, children’s journey from screening to treatment occurs along “a complex process chain” in which
children “get screened or do not, get diagnosed with ASD or do not, and respond to therapy or do not.”33

Screening in primary care represents only 1 element in this chain. By focusing on downstream processes in
EI settings by which children can be successfully evaluated for ASD, this study highlights the potential im-
pact of collaborative efforts between EI and pediatrics to improve ASD services.

Conclusions
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