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Abstract

Improving ASD screening and referral in primary care may reduce ASD disparities for Latino 

children. The REAL-START intervention aimed to increase primary care provider adherence to 

ASD and developmental screening guidelines, and to increase Early Intervention (EI) referral for 

children at developmental risk in primary care clinics serving Latinos. This quasi-experimental 

study enrolled 6 Oregon primary care clinics. Clinic staff attended one initial and three follow-up 

trainings. Trainings addressed screening, billing, referral, and follow-up issues specific to Latinos. 

Clinic leaders met with a quality improvement facilitator to review performance. Medical record 

review measured screening and referral at 18- and 24-month well-child visits at baseline and 3, 6, 

9, and 12 months. State EI database queries assessed EI eligibility. Overall, 2,224 well-child visits 

were assessed (39% Latino). Clinics improved rates of ASD screening from 70% to 94% and 

general developmental screening from 62% to 95%. Adherence to screening guidelines increased 

from 46% to 91%. Proportion of children referred to EI was unchanged, but total referrals 

increased and age-range of referred children broadened. Time to EI evaluation was slightly shorter 

among screening-age children. REAL-START may improve screening and referral for ASD and 

developmental delay in Latino communities.

Lay Abstract

Latino children experience delays in access to diagnosis and treatment of autism spectrum disorder 

(ASD). Primary care based screening of all children for ASD and referring them for services may 
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reduce racial/ethnic differences and improve care. REAL-START, a year-long screening 

intervention, was effective in increasing screening for ASD and general developmental delays, 

increasing therapy referrals, and shortening time for developmental assessment in primary care 

clinics with Latino patients

Early identification and treatment of autism spectrum disorder (ASD) is of public health 

importance: ASD is associated with lifetime disability, adverse family impacts (Kogan et al., 

2008), and high costs (Buescher, Cidav, Knapp, & Mandell, 2014). Early intervention for 

children with ASD has been shown to improve child outcomes (Warren et al., 2011). 

Unfortunately, racial/ethnic disparities exist in early identification and treatment of autism 

spectrum disorder (ASD): compared to non-Latino white children, Latino children are 

evaluated for and diagnosed with ASD less often (Maenner, 2020), use fewer overall 

(Zuckerman et al., 2017) and fewer evidence-based services (Magana, Lopez, Aguinaga, & 

Morton, 2013), and have more unmet service needs (Iland, Weiner, & Murawski; Zuckerman 

et al., 2017). Improving ASD screening and referral may be one way to reduce disparities 

(Fein, 2016; Pierce, Courchesne, & Bacon, 2016).

Multiple health care and educational system factors impede access to ASD care for Latinos 

and other minorities. For instance, multiple visits and specialists are typically needed to 

make an ASD diagnosis, which may disadvantage families with fewer resources or lower 

health literacy (Goin-Kochel, Mackintosh, & Myers, 2006). Also, in the U.S., a medical 

diagnosis does not necessarily grant eligibility for therapy services in the educational setting 

such as through Individuals with Disabilities Education Act Part C Early Intervention (EI) 

(Zuckerman, Mattox, Sinche, Blaschke, & Bethell, 2014). As a result, families often must 

pursue parallel processes for medical and educational services, which may be particularly 

challenging for Latino families, who may have limited English proficiency or less 

understanding of the process (Zuckerman et al., 2017). Finally, presence, consistency or 

quality of health insurance (Karpur, Lello, Frazier, Dixon, & Shih, 2019) and geographic 

disparities in care (Kalkbrenner et al., 2011) pose systemic barriers in access to ASD care 

for minority populations.

Primary care providers (PCPs) play an important role in helping families overcome barriers 

to care. This may be particularly important for minority families: >90% of U.S. children 

attend primary care (U.S. Department of Health and Human Services, 2014), and PCPs may 

be the only developmental professional a child interacts with prior to school enrollment, 

particularly for families with fewer resources (National Center for Education Statistics). 

However, PCP bias, misinformation, and lack of training may impede access to ASD 

services, particularly among minorities such as Latinos: PCPs report low comfort with 

assessment of ASD risk overall (Carbone et al., 2013) and even less comfort assessing ASD 

risk in Latinos, particularly when families speak Spanish (Zuckerman et al., 2013). Latino 

parents of children with ASD are more likely to report their health care provider did not 

listen to them (Magana, Parish, Rose, Timberlake, & Swaine, 2012), which may impact how 

providers act on parent concerns.

Parent and family factors may also affect access to ASD care: one study showed that Latino 

parents report fewer autism-specific concerns than white parents as measured by a standard 

Zuckerman et al. Page 2

Autism. Author manuscript; available in PMC 2022 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



diagnostic tool, even when their child has high ASD risk (Vanegas, Magana, Morales, & 

McNamara, 2016) which may make diagnosis less accurate. Additionally, multiple studies 

show that Latino families may know less about ASD and the ASD diagnostic process than 

other families, and may have less trust in pediatric providers in the area of autism 

(Zuckerman, Chavez, Lindly, Regalado Murillo, & Reeder, 2018; Zuckerman et al., 2017; 

Zuckerman, Sinche, et al., 2014).

Improving screening, risk evaluation, and referral in primary care may facilitate access to 

ASD care for Latino children. However, few evidence based interventions exist for ASD risk 

evaluation in primary care, particularly for Latinos. American Academy of Pediatrics (AAP) 

guidelines recommend ASD screening (Hyman, Levy, & Myers, 2020) and general 

developmental screening (Lipkin & Macias, 2020) at routine visits; however, many U.S. 

children do not receive this screening in primary care (Arunyanart, A.; Ukritchon, S.; 

Imjaijitt, W.; Northrup, V.; Weitzman C., 2012; Radecki, Sand-Loud, O’Connor, Sharp, & 

Olson, 2011). Additionally, lower screening rates have been observed in some studies of 

children from Spanish-speaking families (Hirai, Kogan, Kandasamy, Reuland, & Bethell, 

2018; Zuckerman et al., 2013). Thus, improvements in screening might aid earlier 

identification. However, improving screening is not enough: working with primary care 

providers regarding how to talk about screening with families, where and how to refer 

families with positive screening test results, and how to connect families with intervention 

resources is also necessary to improve access to ASD care (Hyman et al., 2020; Locke et al., 

2020).

Several prior studies have addressed developmental and/or ASD screening in underserved 

primary care settings. Morelli and colleagues (Morelli et al., 2014) implemented an 

intervention promoting screening with the Ages and Stages Questionnaire (ASQ)-2 (Bricker 

et al., 1999) and the Modified Checklist for Autism in Toddlers (M-CHAT) (Robins, Fein, & 

Barton, 1999) in four clinics serving 1,397 children in Philadelphia. Over 18 months, 84% 

of parents completed at least one developmental screen and 9.2% were referred to EI. 

Similarly, Windham (Windham et al., 2014) implemented ASQ and M-CHAT screening in 

1,965 children in two California clinics serving primarily Latinos. A “clinic specialist” 

administered screens; 84% of children received both screeners during the study. However, 

these studies had a number of limitations.

These limitations included lack of information on rates of screening prior to program 

intervention, and no analysis of the effects of the intervention on EI referral rates, which is 

part of the purpose of screening. In addition, neither study collected data on whether 

outcomes differed by family language among Latinos, even though language is known to be 

an important modifier of service use in children with developmental disabilities (Zuckerman 

et al., 2017).

Thus, it remains unclear which PCP training strategies are effective and sustainable in 

improving screening, referral, and eligibility outcomes for Latino children. To address this 

issue, we conducted a prospective quasi-experimental study in primary care clinics serving 

communities with Latino children, Risk Evaluation of Autism in Latinos – Screening tools 

and Referral Training with Practice Facilitation (REAL-START). Study goals were to 
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improve identification and management of ASD by (1) improving autism and general 

developmental screening rates, (2) improving billing for screening, and (3) improving EI 

referral of children with positive screening tests. We hypothesized that the intervention 

would be associated with increased ASD and general developmental screening rates, 

increased billing for screening, and increased referral of children with positive screens to EI.

Methods

Enrollment

The study was conducted in six Oregon primary care clinics from 2016 to 2018, and was 

approved by Oregon Health & Science University Institutional Review Board. To meet 

initial eligibility criteria, a clinic needed to have >50% Medicaid and >25% Latino patients. 

We included both clinics that were not currently conducting routine autism and/or 

developmental screening and clinics that were currently screening. We included pediatric 

and family medicine clinics provided the latter had >30% child patients. Clinics were 

recruited through outreach by the study team and the state AAP chapter and through 

coordination with Medicaid Coordinated Care Organizations. 16 practices likely meeting 

inclusion criteria were successfully contacted; 6 ultimately enrolled. In addition to study-

related supports, practices received Continuing Medical Education Credits, American Board 

of Pediatrics Part IV Maintenance of Certification Credits, and $1,000. Study enrollment 

was staggered over time. All PCPs and other practice staff participating in the study received 

informed consent materials at the initial training session; all staff chose to participate in the 

study and contribute their patients’ data.

Intervention Design

Intervention design was informed by focus groups with Latino parents of children with and 

without ASD and a survey of PCPs (Zuckerman et al, 2014a; Zuckerman et al, 2014b; 

Zuckerman et al, 2014c). In addition, the study’s Community Advisory Group met 

periodically throughout the study and advised on recruitment, materials, and overall 

direction. The group consisted of Latino and non-Latino parents of children with 

developmental conditions (including ASD) or typical development, health care providers 

(several primary care physicians, a physician assistant, a developmental pediatrician, and 

two medical assistants) and an educational provider (a speech-language pathologist working 

with Developmental Disabilities Services).

The intervention followed an academic detailing approach (Soumerai & Avorn, 1990), 

which is a peer-to-peer, on-site, educational outreach strategy to disseminate evidence-based 

practice in a targeted area. Academic detailing, which was adapted from pharmaceutical 

detailing (Agency for Healthcare Research and Quality & National Center for Excellence in 

Primary Care Research), has been used previously for developmental screening (Honigfeld, 

Chandhok, & Spiegelman, 2012) and other areas of clinical pediatrics (Cloutier & 

Wakefield, 2011; Schechter, Bernstein, Zempsky, Bright, & Willard, 2010). It also 

incorporated principles of quality improvement (e.g., rapid-cycle quality improvement, Plan-

Do-Study-Act [PDSA] cycles) and clinic-level practice facilitation (Baskerville, Liddy, & 

Hogg, 2012), led by a master’s level quality specialist with expertise in implementation of 
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developmental screening in primary care. Sample PDSA cycles included improving family 

completion of the ASQ-3, examining and addressing root causes of billing discrepancies, 

and streamlining referral processes.

The overall study structure is shown in Figure 1. Each clinic participated for 12 months; the 

intervention involved all practice staff, including providers, front office staff, medical 

assistants, nurses, and referral coordinators. Participants attended four on-site catered lunch 

meetings. All meetings were led in-person or via webinar by a general pediatrician with 

expertise in developmental and ASD screening. Informational pamphlets were provided for 

staff and patients regarding ASD screening and follow-up. The first 90-120 minute 

educational session addressed administration and scoring of the ASQ–3 (Squires, 2012) and 

M-CHAT – Revised with Follow-up (R/F) ( Robins et al., 2014) including use of the M-

CHAT-R/F follow up interview, according to AAP guidelines in 2016. These guidelines 

suggested general developmental screening (i.e., ASQ-3) at 9, 18, and 24 or 30 months 

(Bright Futures: Guidelines for health supervision of infants, children, and adolescents, 

2017), and ASD screening (i.e., M-CHAT-R/F) at 24 and 30 months.1 Both screening tools 

were made available in English and Spanish to enrolled practices immediately after the first 

session. Information was also provided on the EI referral process, billing for screening tools, 

and developmental screening in families with Limited English Proficiency, low literacy, and 

low health literacy. A parent of a child with ASD discussed his/her experience, and a 

community panel of EI, Developmental Disabilities Services, and county public health 

nursing representatives provided resources. Three 60-minute follow-up sessions occurred at 

3,6, and 9 months after the initial intervention. At each follow-up session, site-level results 

for the three primary outcomes were reviewed and supplemental content was provided. The 

first session supplemental content included language development of children in bilingual 

households, and access to autism diagnostic and therapeutic services. The second session 

addressed culturally-responsive communication of screening tool results using a video-based 

exercise, and the third session addressed ASD management in the medical home.

Between sessions, practice leaders held 30-minute conference calls with a master’s level 

practice facilitator with comprehensive knowledge to support primary care practices in 

implementation and follow-up aligned with primary study measures. The practice facilitator 

reviewed site- and provider-level data regarding the primary study outcomes, helped clinic 

leaders implement specific plans to improve performance, and reported progress to the study 

team. She identified variation in data findings and addressed gaps through implementation of 

specific Plan-Do-Study-Act cycles.

Measures

There were three primary outcome measures. These outcomes were considered on a clinic- 

and provider-level only; that is, screening results on individual children were not tracked 

over time.

1Note that in early 2020 the AAP general developmental screening guidelines changed to screening at 9, 18, and 30 months; there was 
no change to autism screening guidelines (Lipkin & Macias, 2020)
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The first primary outcome was the proportion of 18- and 24-month well visits screened for 

autism and general developmental delay with M-CHAT-R/F and ASQ-3 per AAP guidelines 

in 2016. Screening was considered complete if the provider documented the screening tool 

used and a score or a score interpretation, as per Medicaid billing guidelines. We did not 

collect data on item-level responses to the ASQ-3 or M-CHAT-R/F.

Completion of each screen was considered separately, and a composite indicator (both 

screens administered; complete adherence to AAP guidelines) was created. From these data, 

the screening proportion was calculated as the number of 18- and 24-month well visits with 

no screening, one screening test (either ASQ-3 or M-CHAT-R/F), or two screening tests 

(ASQ-3 and M-CHAT-R/F) and divided by the total number of 18- and 24-month well visits.

The second primary outcome measure was the proportion of 18- and 24-month visits that 

were billed for developmental and ASD screening with current procedural terminology 

(CPT) code 96110. Billing for screening is important in the US because it enhances financial 

sustainability of the activity (Earls & Hay, 2006; Pinto-Martin, Dunkle, Earls, Fliedner, & 

Landes, 2005). The billing proportion was calculated as the number of 18- and 24-month 

well visits in which 96110 was billed once (i.e., for ASQ-3 or M-CHAT-R/F) or twice (i.e. 

for both the ASQ-3 and the M-CHAT-R/F), divided by the total number of 18- and 24-month 

well visits.

The third primary outcome measure was the proportion of children with positive screens 

referred to EI. A positive screen was defined as an initial M-CHAT-R/F score of 3 or greater 

(or 2 or greater after follow-up interview), and/or an ASQ-3 result with one positive (“black 

zone”; >2 standard deviations below mean for age) or two borderline (“grey zone”; 1-2 

standard deviations below mean for age) scores. The ASQ “positive screen” parameter is in 

alignment with AAP Bright Futures recommendations (Bright Futures: Guidelines for health 

supervision of infants, children, and adolescents, 2017). It also roughly aligns with 

eligibility assessment in Oregon EI: that is, generally speaking a child will be found eligible 

for EI in Oregon if he/she is below 2 standard deviations in any particular area or below 1.5 

standard deviations in at least two areas. Compared to other states, Oregon’s EI program is 

considered to be moderate in terms of its EI eligibility (McManus, McCormick, Acevedo-

Garcia, Ganz, & Hauser-Cram, 2009).

An EI referral was defined as present when there was a provider or staff note in the EMR 

indicating a referral was placed and/or a copy of an EI referral form scanned into the EMR. 

The proportion of visits with positive screens referred to EI was calculated as the number of 

18- and 24-month visits with positive screening test results who were referred to EI, divided 

by the total number of 18- and 24-month visits with positive screening test results.

All primary outcome measures were collected via medical chart review, using a standardized 

form, by a non-clinical staff at each clinic who was trained by the study team. Ethnicity and 

household language were also extracted from EMR demographic fields. Data were extracted 

8-12 weeks prior to the intervention (baseline period) and every 8-12 weeks thereafter 

(periods 1-4). Each chart review period took the staff member about one hour; no specific 

compensation was given to the staff member other than the general compensation given to 
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the clinic. The research team prepared both site- and provider-level data reports for each 

primary outcome at each practice facilitation call.

The study had four secondary outcomes, each of which was obtained via tracking referrals 

from each practice to Oregon EI via an existing statewide referral form (Oregon Department 

of Education, 2017). We followed all referrals in the EI age range (0-3 years), not only those 

that resulted from screening visits. Secondary outcomes included time from referral to initial 

EI evaluation, time from referral to eligibility among those found eligible, proportion of 

evaluations resulting in eligibility, and child age at EI referral in the overall sample, and 

among those children ultimately found eligible. We tracked all EI referrals during the study 

period, and each child’s service use in EI for six months after referral. EI data as well as 

child and family demographics were directly extracted from the state EI database by a study 

team member. All outcomes were based on standard EI database fields with minimal missing 

data.

Data Analysis

In the initial phase of analysis, we reviewed clinic-level descriptive statistics by time period 

in table and graphic forms. We then used logistic regression models to estimate changes over 

the four intervention periods compared to the baseline (pre-intervention) period, controlling 

for clinic as a fixed effect. When modeling screening, we included a random intercept for 

provider to account for clustering; this was not feasible in the follow-up analyses of children 

with positive screens due to smaller numbers. Because providers might screen differently at 

18 or 24 months of age, we included screening age as a binary variable. To study effects in 

specific ethnicity/language groups, we included terms for these three groups: Latinos with 

Spanish primary language, Latinos with English primary language, and non-Latinos.

Primary Outcomes—For the first primary outcome (screenings performed), we estimated 

the change from baseline in percent of well-child visits that had the ASQ-3, M-CHAT-R/F, 

or both screens. The logistic regression model, described above, included time as a set of 

indicator variables for intervention periods 1 through 4, with each coefficient representing 

the change in log-odds of screening compared to baseline. For interpretability, we translated 

these estimates to absolute differences in screening percentages using predicted probabilities 

from the logistic regression model (Kleinman & Norton, 2009). We used a similar analytic 

strategy for the second primary outcome, billing for screening. For the third primary 

outcome, we calculated both the overall number of referrals per study period and the 

proportion of screening tests with positive results referred to EI per study period.

Secondary Outcomes—For time (in days) from referral to (a) initial evaluation in EI and 

to (b) eligibility among those ultimately found eligible, we used Kaplan-Meier curves and 

log-rank tests at baseline and in periods 1-4. Outcomes were assessed among children of 

“screening age,” i.e., an age which 18- or 24-month developmental or autism screening 

might occur, defined as 15-28 months to account for the fact that some children attend well 

checks early or late. We also looked at outcomes among children of any age (i.e., the full 

range of 0-3 years). We limited analyses to children who ultimately received evaluations, as 

no dates were recorded when families declined or were unavailable. For proportion of 
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evaluations found eligible for EI, we used descriptive statistics and Chi-square tests. For 

child age at evaluation, we used descriptive statistics and nonparametric tests to compare 

distributions, medians and interquartile ranges for the baseline period compared to periods 

1-4, for all children, and also only for children ultimately found eligible.

Results

Sample

Four pediatrics and two family medicine clinics participated. Of those clinics, two had a 

clinic policy of conducting screening at AAP-recommended periodicity, but were not 

screening all patients and were also using an older version of the M-CHAT. One practice 

was not screening at all. The other three practices were screening either at non-standard 

intervals, or not screening for both ASD and general developmental delays (Table 1). There 

was no practice-level attrition during the study. In these practices, 47 PCPs participated. 

There was no provider attrition specifically from the study; however, 1 provider left her 

position, and 2 new providers were added midway and contributed partial data.

Initially, 2,357 18- and 24-month visit records (1,157 18-month and 1,200 24-month visits) 

were reviewed. Of these, 134 records were excluded because the child was previously 

identified as having a developmental disability, missing language or ethnicity information, or 

no provider name recorded, resulting in a final analytic sample of 2,224 records. Although 

the overall percentage of Latino children in the study was relatively high (39%), two clinics 

had unexpectedly lower rates of Latino children of screening age (10% and 18% 

respectively) than predicted from baseline data. 20% (n=436) of families spoke Spanish as a 

primary language. EI referral data were followed for 381 children, of whom 216 were new 

referrals for “screening age” (15-28 month) children. Among children referred to EI, 47% 

were Latino and 30% spoke Spanish as a primary language. 63% were Medicaid-insured, 

and 37% were female. Median age at EI referral was 19 months.

Primary Outcomes

Screening Rates—Figure 2 shows change in proportion of 18- and 24-month visits with 

screening performed by study period (2A), and difference from baseline by study period 

(2B), with adjustment for visit type (18- vs 24-month), ethnicity/language group, and site. 

Rates for each screening (M-CHAT-R/F or ASQ-3) and both screenings (i.e., adherence to 

AAP guidelines) are shown. Overall, there was a significant increase in M-CHAT-R/F and 

ASQ-3 screening individually and both screenings together: baseline rate of complete 

guideline adherence was 46% of well visits, which increased to 91% by Period 4 (p<0.001). 

ASQ-3 screening increased from 62% to 95% (p<0.001), and M-CHAT-R/F screening 

increased from 70% to 94% (p=<0.001). There were no differences in screening rates by 

child ethnicity/language group.

Site-specific outcomes are shown in the Supplemental Figure. As the figure shows, the 

clinics with the lowest baseline screening rates showed the biggest improvements in 

screening rates; however, overall all clinics improved over the course of the intervention. 
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One clinic decreased its screening proportion in Period 4, likely due to significant turnover 

of front office staff.

Billing for Screening—Figure 2 also shows billing for developmental screening over time 

(2C), and difference from baseline in the proportion of well visits billed for developmental 

screening by study period (2D). The proportion of well-child checks billed at least once 

(billed 96110 for ASD or developmental screening) and billed twice (billed for both 

screenings) is shown. Overall, billing rates for both screenings increased from 45% at 

baseline to 86% by Period 4 (p<0.001), adjusting for site and variables as described above. 

99% of billing codes were associated with a documented ASD or developmental screen. 

There were no differences in billing rates by child ethnicity/language group.

Referral to EI—Figure 3 shows the proportion of children with positive screens (n=378) 

who were referred to EI, overall and by site. Although total number of EI referrals increased, 

the proportion of positive screens referred to EI did not change. The increase referral number 

was mainly attributable to a large increase at one site which was not previously screening 

and an increase in referrals for children outside of the context of 18- and 24-month visits. 

The referred population was 38% Latino and 21% Spanish primary language, with no 

difference in number or rate of referrals by ethnicity/language.

Secondary Outcomes

Time to EI Evaluation—The increased number of referrals was not associated with delays 

in time from referral to evaluation in EI, either among all children who were ultimately 

evaluated in EI (n = 86; Figure 4A) or children of “screening age” only (n = 50; Figure 4B) 

in the baseline versus Period 4. 15 (38%) children in the baseline period and 21 (28%; 

p=0.28) in Period 4 were not evaluated, because the family declined (n=16) could not be 

located (n=19) or moved out of state (n=1). Median time to evaluation for all ages was 40 

days at baseline and 34 days in Period 4, and for “screening age” children, 42 at baseline and 

36 days in Period 4. Time to evaluation in the baseline versus Period 4 was equivalent for all 

children (p= 0.08) but showed evidence of improvement for screening-age children (p= .049) 

by the end of the intervention. Overall, 71% of children in Period 4 and 68% of children in 

the baseline group completed the evaluation in 45 days, which is the U.S.’s federally 

mandated time period under IDEA (p= 0.9), with no differences found by ethnicity/

language.

EI Evaluations Found Eligible for Services—Overall, 34% of children referred to EI, 

38% of screening-age children referred, and 52% of all those who completed the initial 

evaluation were found eligible for EI. The proportion of children found eligible fluctuated 

during the study, though this may be partly attributed to small numbers, but final proportions 

were consistent with baseline (e.g.16/40 referred at baseline [0.40] vs 30/76 in period 4 

[.39]; p= 0.5 for all children across all time periods; p=0.6 for screening age children).

Child Age at EI Evaluation—There was no change in age at initial referral in either the 

sample of all children, or in the sample of children who ultimately qualified for EI. 
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However, the range of ages of children referred increased immediately after the initial 

intervention and this persisted throughout the intervention (Figure 5).

Discussion

This study describes a multi-site ASD and developmental screening intervention 

implemented in primary care practices serving Latinos. The intervention was successful at 

raising ASD and developmental screening rates over a year’s time. Results suggest that low 

rates of ASD and developmental screening in practices serving Latinos may be modifiable 

via intervention. The intervention was also successful in increasing billing for developmental 

screening, which is important because improving financial compensation may be one way to 

for practices to sustain screening (Earls & Hay, 2006; Pinto-Martin et al., 2005). Effect sizes 

were highest in clinics with lowest baseline screening; however, even clinics with relatively 

high baseline screening showed improvement, which suggests the intervention could be 

effective in primary care clinics generally.

However, a screening program is only effective when screening is linked with changes in 

management of children with positive screens (Lipkin & Macias, 2020). In this respect, 

study results were mixed. Although the total number of referrals to EI increased, the 

proportion of children with positive screens who were referred to EI was unchanged. 

Additionally, though there was no change in EI eligibility rates during of the intervention, 

less than half of children referred to EI were eligible throughout the study. As Sheldrick and 

colleagues (2016) have noted, the relationship between the rate of positive screening tests, 

rates of PCP referral to EI, and EI eligibility rates may be complex. Providers may disregard 

a positive screening test if it is inconsistent with their overall clinical impression. They may 

also have concerns that increasing referrals may increase EI evaluations that do not result in 

eligibility, creating unnecessary worry or hassle for families. If providers feel that a large 

proportion of referrals do not result in eligibility, they may raise their referral thresholds 

regardless of guidance from experts or the screening tool developers (Sheldrick et al., 2016). 

Ultimately, study results suggest that it may be easier to change providers’ screening 

behaviors than their referral thresholds. More research is needed regarding both acceptability 

of EI evaluation to families of children who do not become eligible, and also the optimal rate 

of EI referral after positive developmental screens.

Though the proportion of children referred to EI did not change over time, the absolute 

number of referrals to EI did increase, mainly due to increased screening in a practice with 

lower baseline screening and increased referrals of children outside of the context of 

developmental screening. The age range of referrals to EI also broadened over the course of 

the intervention. These findings suggest this screening intervention had benefits to children 

who are not directly participating in the screening process, perhaps because the intervention 

cued providers to consider developmental status more frequently in all early childhood 

encounters.

The intervention unexpectedly was also associated with somewhat shorter time to EI 

evaluation among children of screening age. This was surprising as the intervention did not 

directly intervene on any part of the EI evaluation process. However, it is possible that study 
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messaging around effective communication with families about screening tool results may 

have improved family EI engagement. Alternatively, this observed change could be due to 

environmental factors unrelated to the project (e.g., improved efficiency in EI system over 

time). Though the absolute change in time to evaluation (six days) was small, this change 

could be relevant on a systemic level.

In contrast to other research by our team (Zuckerman et al., 2013) and others (Arunyanart et 

al., 2012; Hirai et al., 2018) but consistent with parent-reported studies of developmental 

screening (Bethell, Reuland, Schor, Abrahms, & Halfon, 2011), we did not find different 

rates of developmental screening by race/ethnicity/language groups. This was true both at 

baseline and during the intervention. The intervention appeared to benefit screening and 

billing for non-Latinos, even though its explicit focus was on Latinos. We speculate that the 

majority of the training (e.g., how to conduct screening, how to talk about screening with 

families) would be relevant regardless of family ethnicity. Taken in context of existing 

literature, our findings also suggest that disparities in ASD screening for Latinos may more 

likely exist between practices (i.e., many practices serving Latinos are not routinely 

screening) rather than within them (i.e., practices selectively screen non-Latino white 

patients); however, more research is needed in this area. Restricting our study to only 

practices that were not screening might have better illuminated disparities issues; however, 

most Oregon practices were conducting ASD or developmental screening, at least 

sometimes, so generalizability would have been limited. It also would be helpful to compare 

this study’s findings by race/ethnicity/language, to other practices in Oregon or nationwide. 

This study provides hopeful evidence that by universalizing a strong ASD and 

developmental screening program, disparities might be reduced.

This study had limitations. First, the study took place in Oregon, where screening rates are 

high (Hirai et al., 2018). Findings might differ in areas with lower screening rates. In 

addition, we emphasized general developmental screening at 18- and 24-months, which was 

in compliance with AAP guidelines at the time for those visits, since 2006 recommendations 

allowed for screening at 18 and 24 or 30 months (Council on Children With, Section on 

Developmental Behavioral, Bright Futures Steering, & Medical Home Initiatives for 

Children With Special Needs Project Advisory, 2006). Recommending general 

developmental screening at 30 months (and not 24 months) was not feasible at the time of 

our study, because few practices were conducting 30-month visits. However, more recent 

guidelines have recommended screening at 30 months and not 24 months (Lipkin & Macias, 

2020), and 30-month visits have become more routine. It is possible that results would differ 

if general developmental screening and autism screening were performed at separate visits 

(i.e. 30 and 24 months, respectively). Non-clinical practice staff collected practice-level data, 

which could have led to errors, biased reporting or a positivity bias. We relied on EMRs for 

race, ethnicity, and language data, which may have been inaccurate. In addition, to keep the 

chart review aspects of this study manageable for clinic staff, we did not collect child sex, 

race/ethnicity or language for non-Latinos, insurance type, or family literacy or health 

literacy data on screened children’s families, which might have been a mediator of screening 

rates. We also could not collect information about the use of the M-CHAT-R/F follow-up 

interview, mainly because it is not consistently documented in the EMR. However, use of the 

follow-up interview, which was not done at baseline at any site, and which was part of the 
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training, may have altered referral rates—in particular it may have lowered the rate of “false 

positive” referrals; we were unable to measure whether this was a factor. Two practices had 

lower proportions of children who were Latino and on Medicaid than was initially projected 

(and lower than the study’s initial inclusion criteria), which may have reduced statistical 

power. Due to the study’s quasi-experimental design, outside factors may have impacted 

study outcomes. In particular, Oregon Medicaid financially incentivizes general 

developmental screening, and general developmental screening is tied to state Patient-

Centered Primary Care Home metrics, so practices may have been especially motivated to 

improve developmental screening based on factors unrelated to this project. However, these 

state-level efforts do not directly explain the increase in autism screening we observed. We 

are unable to connect developmental screening test results and EI referral rates on a child-

level, since identifiable data were collected only on referred children. We also could not 

track referrals that were not made on the state referral form; however, since use of the 

referral form was part of the training we suspect that we captured the vast majority. Finally, 

we cannot yet report on longterm outcomes of this intervention, and it is quite possible that 

changes in screening and billing are not durable. This was particularly evident for one clinic 

in our study, in which changes in office staffing led to decreases in screening.

Despite these limitations, to our knowledge, this is the first multi-site intervention focusing 

on autism and developmental screening in Latino populations. It was also one of the only 

developmental screening interventions of any type to consider EI outcomes. The intervention 

was effective in increasing screening rates as well as the number and age-range of referrals 

to EI. This is particularly important considering that the intervention was relatively low-

intensity (4-6 hour time commitment total per clinic, and no changes to clinic personnel). In 

this sense, it may be a model that could be replicated in other states and/or adapted to other 

populations underserved in ASD or other developmental disabilities. In addition, the 

intervention could be considered in other formats, such as exclusively online. More research 

is also needed to understand how primary-care-based interventions such as this one impact 

longterm child developmental outcomes.
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Figure 1. 
REAL-START intervention and data collection structure
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Figure 2. 
Screening and billing for screening as proportion of 18- and 24-month well-child visits 

(n=2,224 visits)
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Figure 3. 
Proportion of at-risk screens referred to Early Intervention services (n=378 children in 6 

practices)
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Figure 4. 
Time from receipt of referral to evaluation (days) in the Early Intervention program, study 

baseline vs period 4

*P-value from log-rank test for baseline vs Period 4.
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Figure 5. 
Child age at EI referral, by study period and EI eligibility status 6 months post referral

Note: each point represents one child; + = child found eligible for EI; o = child found 

ineligible for EI
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Table 1.

Characteristics of participating clinics

Type of clinic N or median % or range

 Pediatrics 4 67%

 Family Medicine 2 33%

County urbanicity

 Metro, >1 million population 2 33%

 Metro, 250K-1 million population 3 50%

 Metro, <250K population 1 17%

Number of providers in clinic

 Median, range 6 2 - 18

Number of patients seen in study, per clinic

 Median, range 329.5 78 - 946

Percent Latino in clinic, screening visits

 Median, range 31% 10 - 85%

Percent of referred children with Medicaid insurance type

 Median, range 73% 20 - 81%

Baseline screening practices

 Conducting developmental screening AND autism screening at AAP-recommended periodicity 2 33%

 Conducting developmental screening AND autism screening at other periodicity 2 33%

 Conducting developmental screening only at any periodicity 1 17%

 No screening 1 17%
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