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Background: How best to improve the early detection of autism spectrum disorder (ASD) is the subject of significant
controversy. Some argue that universal ASD screeners are highly accurate, whereas others argue that evidence for
this claim is insufficient. Relatedly, there is no clear consensus as to the optimal role of screening for making referral
decisions for evaluation and treatment. Published screening research can meaningfully inform these questions—but
only through careful consideration of children who do not complete diagnostic follow-up. Methods: We developed two
simulation models that re-analyze the results of a large-scale validation study of the M-CHAT-R/F by Robins et al.
(2014, Pediatrics, 133, 37). Model #1 re-analyzes screener accuracy across six scenarios, each reflecting different
assumptions regarding loss to follow-up. Model #2 builds on this by closely examining differential attrition at each
point of the multi-step detection process. Results: Estimates of sensitivity ranged from 40% to 94% across scenarios,
demonstrating that estimates of accuracy depend on assumptions regarding the diagnostic status of children who
were lost to follow-up. Across a range of plausible assumptions, data also suggest that children with undiagnosed
ASD may be more likely to complete follow-up than children without ASD, highlighting the role of clinicians and
caregivers in the detection process. Conclusions: Using simulation modeling as a quantitative method to examine
potential bias in screening studies, analyses suggest that ASD screening tools may be less accurate than is often
reported. Models also demonstrate the critical importance of every step in a detection process—including steps that
determine whether children should complete an additional evaluation. We conclude that parent and clinician
decision-making regarding follow-up may contribute more to detection than is widely assumed. Keywords:
Screening; autism spectrum disorders; validity; methodology.

In their recommendation statement, the USPSTF
concluded, “several screening tools for ASD are
available, but the ... most applicable evidence is
for the M-CHAT/F and M-CHAT-R/F (Robins
et al., 2014), 2 versions of the same tool” (p. 694;
Siu et al., 2016). In particular, the USPSTF noted
that the original Modified Checklist for Autism in
Toddlers (M-CHAT) and its revision (M-CHAT-R) with
follow-up interviews (M-CHAT/F and M-CHAT-R/F,
respectively), were supported by “two good- and four
fair-quality studies,” but that “none of the studies
followed either the complete sample of screen-
negative children or a truly random sample in order
to assess missed cases” (McPheeters et al., 2016). In
short, the USPSTF raised concerns about the
potential for ascertainment bias in diagnostic
evaluations.

The consequences of these limitations have led to
significant controversies regarding screening perfor-
mance. The USPSTF concluded that “the methods
used for following screen negatives do not permit
calculations of sensitivity, specificity, or NPV”
(McPheeters et al., 2016). Likewise, in their review
of research on early ASD screening, Zwaigenbaum
et al. (2015) did not include any reported estimates

Introduction

Autism spectrum disorder (ASD) is a neurodevelop-
mental disorder characterized by impairments in
social interaction and communication and restrictive
and repetitive behaviors and activities (American
Psychiatric Association, 2013). For over a decade,
the American Academy of Pediatrics (AAP) has
recommended supplementing developmental sur-
veillance with universal screening for ASD for all
children at ages 18 and 24 months to facilitate early
intervention (Hyman et al., 2020; Johnson &
Myers, 2007). To assess the potential benefits of
ASD screening, the United States Preventive Services
Task Force (USPSTF) commissioned a systematic
review to evaluate the evidence on ASD screening,
including the accuracy, benefits, and potential
harms of ASD screening instruments administered
during routine primary care visits (McPheeters
et al., 2016). The purpose of this paper is to
reanalyze a primary source of evidence identified by
the USPSTF and discuss implications for using
screening tools.

tJoint first authors. of sensitivity and specificity for the M-CHAT, stating
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determined by this study” due to a lack of evaluation
of screen-negative cases. Others clearly disagree—
several of the original papers reviewed by the
USPSTF report estimated sensitivity and specificity,
and these estimates are also reported in two recent
meta-analyses (Sanchez-Garcia, Galindo-Villardon,
Nieto-Librero, Martin-Rodero, & Robins, 2019;
Wieckowski, Williams, Rando, Lyall, & Robins, 2023)
and in the AAP practice recommendation on ASD
screening (Hyman et al., 2020). Moreover, recent
evidence published by Guthrie et al. (2019) reported
that the M-CHAT-R was much less accurate than
prior studies suggest. To evaluate the accuracy of the
M-CHAT-R, there is a critical need to resolve these
discrepancies. We argue that much of the confusion
and conflicting evidence on screening accuracy
results from unstated and divergent assumptions
about children who are lost to diagnostic follow-up.
Building on prior studies (Kuntz et al., 2013; Sain-
fort et al., 2013), we present a simulation model that
analyzes the potential influence of loss to follow-up
on estimates of sensitivity and specificity informed
by highly cited papers in the field. Because loss to
follow-up has implications beyond screening accu-
racy, it is also important to understand the implica-
tions of attrition in the entire “screening-to-
treatment chain” (Silverstein & Radesky, 2016).
Therefore, we extend our analysis with a second
simulation model that analyzes the potential for
differential attrition between children with and
without ASD. We conclude by discussing implica-
tions of loss to follow-up for the interpretation of
screening studies published since the USPSTF
recommendation, clinical implications for improving
multi-stage screening processes, and opportunities
for further research.

The impact of lack of follow-up

Sensitivity and specificity estimates compare an
index test (e.g., screening tool) to a clinical reference
such as a diagnostic evaluation (Cohen et al., 2016).
A central challenge to making such comparisons is
that most children who are screened for ASD (or any
developmental-behavioral disorder) do not receive a
diagnostic evaluation. This is particularly true
following negative screens, which is a well-
recognized challenge to diagnostic accuracy studies
in general (Whiting et al., 2011) and a particular area
of concern noted by the USPSTF (McPheeters
etal., 2016). Yet it is equally true that many children
who screen positive are not evaluated. Indeed,
children can be lost to follow-up at any step of a
screening process for many reasons, including their
clinician’s choice not to refer, their parents’ choice
not to pursue further assessment, a follow-up test
discourages evaluation, or an unaddressed barrier
(e.g., scheduling conflicts, financial constraints, or
translation need). When follow-up is incomplete,
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analyses of the accuracy of screening tools hinge
on assumptions about the diagnostic status of
children who never completed a full diagnostic
evaluation.

Further, the accuracy and efficiency of a screening
process depends on every step (Kaminsky, Benne-
yan, & Mullins, 1997). The health care delivery
process can break down at many points, thereby
limiting the population impact of screening in
primary care (Gardner, Bevans, & Kelleher, 2021).
For clinical care, it is therefore critical to understand
the impact of loss to follow-up in a multi-step
identification process.

This paper considers results from the seminal
study by Robins et al. (2014), one of the largest
screening validation studies to date. In this large-
scale study (n = 16,071), the authors implemented a
multi-step screening process at 18- and 24-month
well-child visits, followed by a diagnostic evaluation.
They concluded that the M-CHAT-R (a parent-report
screener) has a sensitivity of 91.1% and a specificity
of 95.5%. When combined with the secondary
follow-up (M-CHAT-R/F), they reported a higher
specificity (99.3%) but lower sensitivity (85.4%)—
likely because the follow-up interview ruled out
some true positives. The USPSTF described this
paper as “the most recent study in the United States
of population-level screening for ASD” and deter-
mined it was a “good-quality U.S. study.” Using
results from this study, this paper explores implica-
tions of lack of follow-up for the accuracy of
universal autism screening and participation in
screening processes.

Methods

Using Microsoft Excel, we constructed two simulation models
that examined loss to follow-up in a multi-stage screening and
diagnostic process.

Simulation model #1

Model #1 has three steps (Figure 1): (1) children seen during
routine pediatric care screen positive or negative; (2) children
either complete a diagnostic evaluation or not; (3) diagnostic
outcome status—ASD or no ASD—is determined. This repre-
sents a simplification of the multi-stage screening process
reported in Robins et al. Specifically, we do not include the
secondary interview; therefore, no distinction is made between
individuals who scored negative on the M-CHAT follow-up
interview and those who did not complete evaluation for other
reasons. Consequently, Model #1 simulates the accuracy of a
stand-alone parent-report screener (Step 1).

Data were drawn from Robins et al. (2014). We analyzed six
different scenarios—each with different assumptions regarding
the proportion of children with ASD who did not complete
evaluations. Table 1 describes assumptions and their ratio-
nale. For each scenario, we estimated the sensitivity and
specificity of the M-CHAT-R. As a metric of overall accuracy, we
estimated the diagnostic odds ratio (DOR; odds of an ASD
diagnosis given a positive screen divided by the odds of an ASD
diagnosis given a negative screen). If there is no accuracy (e.g.,
classification is random), the odds of diagnosis will not differ

© 2023 The Authors. Journal of Child Psychology and Psychiatry published by John Wiley & Sons Ltd on behalf of Association for
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Simulation Model #1
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Simulation Model #2

To explore implications ofloss to follow-up for estimates ofthe
accuracy of a 15t stage screen, Model #1 simulates the ASD status of
children who screen positive or negative

To explore clinical implications ofloss to follow-up for referrals, Model
#2 simulates differential attrition at every step in the process between a
positive screen and a diagnostic evaluation

Parent-report
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Analyzed under 5 different sets of assumptions described in Table 1
(Scenarios A, B, C, D, & E)

Analyzed under 2 different sets of assumptions described in Table 1
(Scenarios A & E)

Figure 1 Overview of simulation model #1 and simulation model #2. ASD, autism spectrum disorder; FN, false negative; FP, false positive;

TN, true negative; TP, true positive.

between positive and negative screens (DOR = 1). DOR >1
indicates some level of accuracy, whereas DOR <1 is worse
than random.

Simulation model #2

Model #2 builds on Model #1 by evaluating the influence of loss
to follow-up on the accuracy of the whole referral process
(Figure 1). Step 1 (screen positive or not) is identical to Model
#1. Unlike Model #1, Step 2 is separated into three parts: (2a)
children who screened positive either complete a follow-up
screen or not; (2b) children score positive or negative on the
follow-up screen; (2c¢) children either complete a diagnostic
evaluation or not. Step 3 (diagnostic results) is identical to
Model #1.

For Model #2, we differentiate between steps that involve test
results, which we characterize by their sensitivity and speci-
ficity, and steps that involve follow-up completion, which
require new metrics. For the latter, we estimate true positives
who complete follow-up (TPCFU) and true negatives with
incomplete follow-up (TNIFU). While TPCFU and TNIFU are
analogous to sensitivity and specificity (respectively), they are
conceptually distinct as they involve factors independent of
screening results (as described above) that can influence
follow-up completion (Figure S1).

Figure 2 depicts two methods for estimating process
sensitivity and specificity. The first method relies on familiar
equations. The second method combines estimates of the
accuracy of individual steps of the screening process.

This second equation allows for separate estimates of the
combined accuracy of steps involving the accuracy of test
results and steps involving the accuracy of follow-up comple-
tion, which combine to determine the accuracy of the overall
process. Analyses of Model #2 focus on scenarios A and F (see
Table 1).

© 2023 The Authors. Journal of Child Psychology and Psychiatry published by John Wiley & Sons Ltd on behalf of Association for

Results
Simulation model #1

The top portion of Figure 3 presents data as
published by Robins et al. (2014). The boxes with
dark shading highlight unknown diagnostic out-
comes for children who did not complete evalua-
tions. The lower portion of Figure 3 presents

assumptions from the six scenarios. Estimates of

sensitivity, specificity, and ASD prevalence in the

overall population appear to the right. Results of

each scenario are as follows:

1 Assumptions made by Robins et al. (2014). Among
the 123 children with ASD, 112 screened positive
(sensitivity = 91.1%), and among the 15,948 chil-
dren without ASD, 14905 screened negative

(specificity = 93.5%). These assumptions imply

0.77% prevalence in the screened population.
Note that while Figure 3 includes all children
screened, Robins et al. excluded children if follow-
ups were attempted but evaluations remained
incomplete. This difference in assumptions results

in a small difference between our estimate of

specificity and the original estimate as published.
Scenario A assumes that among children without
ASD, 14,905 initially screened negative and 1,043
screened positive. In contrast, Robins et al.
assumed that among children without ASD,
14,798 initially screened negative and 700
screened positive—hence, specificity = 95.5%.

Child and Adolescent Mental Health.

95U suowwo)) aAneal) ajqedijdde ayy Aq pauianob aie sspdi1ie YO 9sh Jo sa|nJ 10y Aieaqr] auljuQ As|Ip uo (suonipuod-pue-swial/wodAsjimAleiqiduljuo//:sdiiy) suonipuod
pue swid) 3y} 335 "[202/80/50] uo Aseiqrq aunuo AsjIm ‘(DSSN) 493Ud) S321IAIBS PaIeYS YSYN - 0qog a166ad Ag “298€L ddd(/1L11°0L/10p/wodAsmAeiqijpuljuo-ywede//:sdiy woiy papeojumoq ‘s ‘€202 ‘01926971



doi:10.1111/jcpp.13867

Simulating lack of follow-up in ASD screening 659

Table 1 Scenarios considered in the simulation, their assumptions, and their rationale

Scenario

Rationale

Assumptions concerning loss to follow-up

A. Assumptions implicit
in analyses published
by Robins et al. (2014).

B. Scenario A modified
with USPSTF
assumptions regarding
screen positive cases

C. Scenario B modified
with USPSTF
assumptions regarding
population prevalence

D. Scenario C modified
with more specific
reasoning regarding the
diagnostic status of the
920 children who
initially screened
positive but did not
complete the diagnostic
evaluation.

E. Scenario D modified
with higher prevalence

This paper counted only cases of ASD that were
confirmed by a diagnostic evaluation, 112 of whom
initially screened positive and 11 of whom initially
screened negative (see table 3 of Robins
et al. (2014)). Children were assumed not to have
ASD if (a) they screened negative on the parent-
report screener (M-CHAT-Revised) or at follow-up
interview, and (b) there was no further attempt at
follow-up. Based on this reasoning, sensitivity was
reported as 91.1% (i.e., 112/123).

The USPSTF questioned the assumptions of the
original paper. For example, they noted that the
true positive cases detected by screening represent
0.65% of the population and that “expected
prevalence in the current sample would likely be
lower because children identified early by parent or
clinical concern, or lost to follow-up (29% of screen-
positive cases were not followed up) were excluded.
If one assumed no differential attrition, projected
prevalence of screen-detected ASD would be 0.92
percent...”

The USPSTF also assumed that “the known
population prevalence” was 1.47%. If this
assumption were true, there must have been
additional cases of ASD that were missed.

Consistent with this logic, scenario A assumes
that none of the children lost to follow-up
have ASD.

Consistent with this logic, scenario B assumes
that there were an additional 36 cases of ASD
among screen positive children who did not
complete evaluations (raising the “projected
prevalence of screen-detected ASD” to
[112 + 36]/16,071 = 0.92%). Total ASD
cases: 159 (112 + 11 + 36).

Building on scenario B, scenario C assumes
that an additional 77 children who screened
negative but were lost to follow-up have ASD.
This assumption raises the total number of
cases t0 236 (112 + 11 + 36 + 77), implying a
prevalence in the screened population of
1.47% (i.e., 236/16071).

Scenario D assumes that among screen positive children, prevalence varies across each of the following
groups: (a) 584 children who completed the follow-up interview, screened negative, and did not complete
evaluation; (b) 209 children who did not complete the follow-up interview, and (c) 127 children who
screened positive on the follow-up interview but did not complete the diagnostic evaluation. Specific

assumptions for each group are grounded as follows:

Robins et al. (2014) reported that 7 of the 598
children® (1.2%) who scored positive on the parent-
report screen but negative on the follow-up
interview were diagnosed with ASD.

Robins et al. (2014) reported that 112 of the 1,155
children (10%) who scored positive on the parent-
report screen were diagnosed with ASD.

Robins et al. (2014) reported that 105 of the 348
children (30%) who scored positive on the parent-
report screen and positive on the follow-up
interview were diagnosed with ASD.

Similarly, we assumed that among the 584
children® who scored positive on the parent-
report screen but negative on the follow-up
interview and did not complete evaluation, 7
had ASD (1.2%).

Similarly, we assumed that among the 209
children who scored positive on the parent-
report screen but did not complete the follow-
up interview, 20 had ASD (10%).

Similarly, we assumed that among the 127
children who scored positive on the parent-
report screen and positive on the follow-up
interview but did not complete a diagnostic
evaluation, 38 had ASD (30%).

In total, scenario D assumes that among children who initially screened positive but were lost to follow-
up, 65 (7 + 20 + 38) have ASD (instead of the 36 in scenario B). Like scenario C, scenario D assumes a
prevalence of 1.47%. This requires that 48 children who initially screened negative but were lost to
follow-up also have ASD (instead of the 77 in scenario C). This brings the total number of cases to 236

(112+ 11+ 65+ 48).

Scenario E assumes that the overall population
prevalence is higher than suggested by the USPSTF
—i.e., 2.20% rather than 1.47%. This higher
estimate is equivalent to the report by Guthrie
et al. (2019) regarding the proportion of children
who were screened with the original M-CHAT plus
follow-up interview in primary care and later
diagnosed with ASD, somewhat lower than parent
report in the National Survey of Children’s Health
(Kogan et al., 2018), and within the range of state-
level estimates of prevalence reported by the
Centers for Disease Control and Prevention
(Sheldrick & Carter, 2018).

To align with this assumption, scenario E

assumes that an additional 118 children who
screened negative have ASD. This
assumption raises the total number of cases
to 354 (112 + 11 + 65 + 48 + 118), implying
a prevalence in the screened population of
2.20% (i.e., 354/16071).

(continues)

© 2023 The Authors. Journal of Child Psychology and Psychiatry published by John Wiley & Sons Ltd on behalf of Association for
Child and Adolescent Mental Health.

95U suowwo)) aAneal) ajqedijdde ayy Aq pauianob aie sspdi1ie YO 9sh Jo sa|nJ 10y Aieaqr] auljuQ As|Ip uo (suonipuod-pue-swial/wodAsjimAleiqiduljuo//:sdiiy) suonipuod
pue swud) 3y} 39S ‘[£202/80/50] uo Aieiqry auljuQ A3|IM ‘(DSSN) 433Ud) S3IAISS Paleys YSYN - 0qog a166ad Ag “298¢L ddd(/111"0L/10p/wodAsimAseiqijauljuo ywede//:sdy woly papeojumoq ‘S ‘€202 '0L9L697L



660 R. Christopher Sheldrick et al. J Child Psychol Psychiatr 2024; 65(5): 656-67

Table 1 (continued)

Scenario Rationale Assumptions concerning loss to follow-up

F. Scenario E modified
with higher prevalence

Scenario F assumes that the overall population
prevalence is higher than suggested by the USPSTF
or Guthrie et al. (2019)—i.e., 2.78 rather than
1.47% (Scenario D) or 2.20% (Scenario E). This
higher estimate is the prevalence estimate reported
by the Autism and Developmental Disabilities
Monitoring Network in 2023. It is the highest
estimate of prevalence to date.

To align with this assumption, scenario F
assumes that an additional 93 children who
screened negative have ASD. This
assumption raises the total number of cases
to 447 (112 + 11 + 65 + 48 + 118 + 93),
implying a prevalence in the screened
population of 2.78% (i.e., 447/16071).

ASD, autism spectrum disorder; M-CHAT, Modified Checklist for Autism in Toddlers; USPSTF, United States Preventive Services
Task Force.
“Discrepancy between n = 584 and n = 598 is explained in the caption to Figure 3.

ASD No ASD
positive/ positive/
complete? complete?
Yes | No Yes | No
Step 1: Screen result Sensitivity, Specificity,
Step 2a: F/U status TPCFU,, TNIFU,,

Step 2b: F/U result Sensitivity,, Specificity,,

Step 2c: Eval status TPCFU,, TNIFU,,
Step 3: Eval it 100% sensitivity 100% specificity
ep 3: Eval resu assumed enmed

Accuracy of referral process* (steps 1 - 2c): Process Specificity: the number of children who do not have

ASD and avoid a final evaluation divided by the number of
children with no ASD who begin the process (equivalently,
one minus the number who do not have ASD yet complete an
evaluation divided by the total number without ASD who
begin the process, or one minus the product of the proportion
children without ASD who complete each step)

Process Sensitivity: the number of cases of ASD
who receive a final evaluation divided by the total
number of cases of ASD who begin the process
(equivalently, the product of the proportion of
children with ASD who complete each step)

Process sensitivity = & = 1_[ %TP, Process specificity = % =1- 1_[(1 — %T Ngtep)
YETP + FN, L 17 ster ¥ Y= FP + TN, ey
N N J

Figure 2 Analyzing the accuracy of a screening and referral process. ASD, autism spectrum disorder; FN, false negative; FP, false positive;
TN, true negative; TNIFU, True negative incomplete follow-up; TP, true positive; TPCFU, True positive complete follow-up. If the specificity
of any step = 100%, process specificity = 100%. Becauase the evaluations is assumed to be perfectly accurate, we therefore exclude the
evaluation result (step 3) to focus on the referral process (steps 1-2c)

2 Modified with USPSTF assumptions regarding that there are at least some cases of ASD among

screen positive cases. Following USPSTF assump-
tions regarding cases of ASD among screen-
positive children who were lost to follow-up,
scenario B suggests that of the 1,155 children
who screened positive, 148 have ASD
(sensitivity = 93.1%). Specificity was similar to
scenario A (14,905/15912 = 93.7%). These
assumptions imply 0.99% prevalence in the
screened population (and 0.92% “prevalence of
screen-detected ASD”). In summary, assuming

screen-positive children who are not evaluated
increases the number of true positives, thereby
increasing estimates of sensitivity and prevalence.
Modified with USPSTF assumptions regarding
population prevalence. Following the USPSTF
assumption that “the known population preva-
lence” is 1.47%, scenario C results in an estimate
of sensitivity that is much lower (62.7%) than
scenario B and a roughly equivalent specificity
(93.6%). In summary, assuming that there are at

© 2023 The Authors. Journal of Child Psychology and Psychiatry published by John Wiley & Sons Ltd on behalf of Association for
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Screened Observations
Positive N=1?'071 Negative from Robins
Step 1: -
= n=1155 n=14,916 etal., 2014
Step 2: NorlalUsdons No Evaluation* Evaluated
s n=920 n=14,888 ‘ h=28
Results
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Step 3: o .
P ASD |INoASD ASD |INoASD § g g‘ 2%
N n=112]| n=123 n=11 || n=17 |) T £ & ugﬂ;
/ —— i i i : c @
Scenario Ve Sets of Assumptions + + — 2 gl &l|8z

Approximates
A Robins et al., 2014
USPSTF—imputed
*prevalence from screening

USPSTF—assumed
" population prevalence

14888 11

S
o
(]

17 ‘r>rhen.- 0.77% 91.1% 93.5% 1

R = -

/4 36 14888 1 - 17 PThen: 0.99% 93.1% 93.7% 199.1

—'; 17 ~>Then: 1.47% 62.7% 93.6% 24.8
Reconsidered cases 14840 1 _‘\{

. S 17 >Then: 1.47% 75.0% 93.8% 45.6
among positive screens J

|
ERER = = BRI = o oo s

E Higher population

$ prevalence

. Highest population 259 14629 11 H 17 ~>Then:2.78% 39.6% 93.7% 9.8
prevalence | [ |

2,

L

Figure 3 Influence of missing data assumptions on analyses of screener accuracy (Model #1). ASD, autism spectrum disorder; FN, false
negative; FP, false positive; TN, true negative; TP, true positive; USPSTF, United States Preventive Services Task Force. 'Robins et al. report
that 221 evaluations were completed with children who scored positive on both the first and second screens, but it is unclear how many
of the remaining 42 evaluations were conducted with children who also screened positive stage 1 (see Robins et al. Figure 1). Given that
seven cases wer diagnosed among children who initially screened positive but scored negative at the second stage, the minimum is 7.
Given that the only pathway to receive an evaluation for children who scored negative at the second stage was to be “invited to
complete the Screening Tool for Autism in Two-Year-Olds (STAT)” and that “of 375 children who completed the STAT, 20 were evaluated
on the basis of a screen positive STAT,” the maximum is 20. For the purposes of this paper, we assumed that 14 children who screened
initially screened positive but scored negative at the second stage completed evaluations and 28 children initially screened negative but
completed an evaluation

least some cases of ASD among screen-negative
children who are not evaluated increases the
number of false negatives, thereby decreasing
estimates of sensitivity.

Modified with more specific reasoning regarding
the diagnostic status of the 920 children who
initially screened positive but did not complete
evaluations. Scenario D simulates a somewhat
more complex line of reasoning regarding the 920
screen-positive children who did not complete
evaluations. While scenarios C and D are consis-
tent with the USPSTF assumption that prevalence
equals 1.47%, scenario D differs from scenario C
in that it assumes proportionally fewer cases of
ASD among children who screen negative (i.e., 48
among those lost to follow-up). Reflecting these
assumptions, scenario D assumes that of the
1,155 children who screened positive, 177
(65 + 112) have ASD (sensitivity = 75.0%), and of
the 14,916 who screened negative, only 59 have
ASD (specificity = 93.8%).

Modified with higher prevalence. Scenario E builds
on the assumptions of scenario D regarding
screen-positive children but assumes that the
overall population prevalence is 2.2%. Because
its assumptions imply a greater number of false

negative cases, the estimate of sensitivity is much
lower (50.0%) while specificity is equivalent to
scenario D (93.8%).

6 Highest prevalence. Scenario F assumes an even
greater number of false negative cases, resulting
in a population prevalence is 2.78%. This scenario
results in the lowest estimate of sensitivity
(39.6%), with similar specificity (93.7%).

Simulation model #2

Figure 4 estimates the contribution of each step of
the screening process under scenarios A and F
described above. Because the final diagnostic eval-
uation is assumed to be perfectly accurate, we focus
only on the prior referral process (Steps 1-2c). The
left-hand panel displays observed results (reflecting
Figure 1 in Robins et al., 2014). The middle panel
models how children with and without ASD proceed
through each step under Scenario A. The right-hand
panel does the same for Scenario F.

Consistent with Robins et al. (2014), scenario A
assumes that among 123 children with ASD, 112
screen positive. All of these children also complete
the follow-up screen, so Step 2a’s TPCFU =100%. Of
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Observed data Scenario A Scenario F
from full sample ASD Sens- No ASD Spec- ASD Sens- No ASD Spec-
itivity/ ificity/ itivity/ ificity/
Yes No Yes No TPCFU Yes No TNIFU Yes No TPCFU Yes No TNIFU
Step 1:
Positive n= n= =112 = % lh=1043)l ™ | 935%! || n= = % || n= n= 9
oroon | | 1255 | | 14916 n n=11 |/ 91.1% |In 14905 .5%||{ n=177 ||| n=270} 39.6% || n=978 14646 93.7%
A = Es E
F/Uscreen | | n=046 ||| n=209 n=112|| n=0 }{100.0%|| n=834 ||| n=209 || 20.0% n=157|| n=20 |/ 88.7% || n=789 ||| n=189 ]| 19.3%
complete
Step 2b: 1_ 3 l_ ¥ 1_ —3 3 l_ 3
F/Uscreen | | n=348 ||| n=598 n=105| n=7 |/ 93.8% || n=243 ||| n=591 ]| 70.9% ||| n=143 | n=14 |/ 91.1% || n=205 ||| n=584 || 74.0%
positive
I = = E— — o
Evaluation | | n=221 ||| n=127 n=105 | n=0 }{100.0%|| n=116 ||| n=127 || 52.3%| || n=105 |n=38 73.4% || n=116 ||| n=89 || 43.4%
complete
Step 3: l ' l l
ASD Diagnostic Diagnostic Diagnostic Diagnostic Diagnostic
diagnosed result result result result result
[ I | | [

Accuracy of referral process: Process sensitivity: 85.4% Process specificity: 99.3%

Accuracy of clinical follow-up

TPCFU Rate: 100.0%
(steps 2a and 2c):

TNIFU Rate: 61.8%

Process sensitivity: 23.5% Process specificity: 99.3%

TPCFU Rate: 65.1% TNIFU Rate: 54.3%

Figure 4 Sensitivity and specificity at each step following a positive initial screen in Scenarios A and F (Model #2). ASD, autism spectrum
disorder; TPCFU rate, True positive complete follow-up rate (see Figure S1; estimated based on steps 2a and 2c using the equation for
sensitivity in Figure 2); TNIFU Rate, True negative incomplete follow-up rate (see Figure S1; estimated based on steps 2a and 2c using the

equation for specificity in Figure 2)

these, 105 score positive on the follow-up screen;
thus, Step 2b’s sensitivity = 93.8%. All 105 children
complete a diagnostic evaluation (TPCFU = 100%)
and all are diagnosed with ASD. Combining Steps 2a
and 2c, which involve follow-up completion, the
TPCFU rate is 100%. However, the sensitivity of the
overall process is 85.4% (equivalent to the estimate
for the M-CHAT-R/F in Robins et al., 2014) because
some children with ASD incorrectly screen negative
in Steps 1 and 2b.

Scenario A (Figure 4) assumes that 15,948 chil-
dren do not have ASD. Of these, 14,905 correctly
screen negative; thus, Step 1’s specificity = 93.5%.
Of the 1,043 children who incorrectly screen posi-
tive, 209 do not complete the follow-up screen, so
Step 2a’s TNIFU = 20%. Of the 834 children who
complete a follow-up screen, 591 score negative,
thus, Step 2b’s specificity = 70.9%. Of the 243
children who incorrectly screen positive at Step 2b,
127 do not complete an evaluation (TNIFU = 52.3%).
Combining Steps 2a and 2c, the TNIFU rate is
61.8%. However, the specificity of the overall process
is 99.3% (equivalent to the estimate for the M-CHAT-
R/F in Robins et al., 2014) because test results in
Steps 1 and 2b rule out a high proportion of children
with no ASD (specificity;,op = 98.1%). For the entire
process, DOR = 796.1—that is, the odds that a child
with autism receives a clinical diagnosis is approx-
imately 796 times as high as the odds that a child
without autism receives a clinical diagnosis. In
comparison, a value of 290 was the largest odds

ratio identified in a review of epidemiological studies,
which classified any value over 6.7 as large (Chen,
Cohen, & Chen, 2010). For the clinical steps, DOR is
infinitely high (because TPCFU rate = 100%—i.e.,
follow through on referrals is assumed to be perfect
for children with autism).

Scenario F (Figure 4) assumes that 447 children
have ASD. Of these, 177 screen positive; thus, Step
1’s sensitivity = 39.6%. Only 157 children complete
follow-up, so Step 2a’s TPCFU = 88.7%. Of these,
143 screen positive at follow-up; thus, Step 2b’s
sensitivity = 91.1%. Only 105 children complete a
diagnostic evaluation (TPCFU = 73.4%), and all are
diagnosed with ASD. Combining Steps 2a and 2c,
the TPCFU rate is 65.1%. However, the sensitivity of
the overall process is only 23.5% because some
children with ASD incorrectly screen negative in
Steps 1 and 2b (sensitivity; o, = 45.5%).

Scenario F (Figure 4) assumes that 15,624 chil-
dren do not have ASD. Of these, 14,739 correctly
screen negative; thus, Step 1’s specificity = 93.7%.
Of the 978 children who incorrectly screen positive,
189 do not complete follow-up, so Step 2a’s
TNIFU = 19.3%. Of the 789 children who complete
follow-up, 584 screen negative, thus, Step 2b’s
specificity = 74.0%. Of the 205 children who incor-
rectly screen positive, 89 do not complete an
evaluation (TNIFU = 43.4%). Combining Steps 2a
and 2c, the TNIFU rate is 54.3%. However, the
specificity of the overall process is 99.3% because
test results in Steps 1 and 2b rule out a high
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proportion of children with no ASD
(specificity; o, = 98.4%). The DOR for the entire
process is 41.0. For the clinical steps, DOR = 2.2.

Discussion

This paper presents six empirically-derived scenar-
ios that demonstrate the degree to which estimates
of screening accuracy can be influenced by assump-
tions regarding the diagnostic status of children who
do not complete evaluations. Analyzing precisely the
same data, implicit assumptions adopted by the
USPSTF and by Robins et al. (2014) result in
sensitivity estimates that range from 62.7% to
93.1%. Assuming greater prevalence resulted in an
even greater range, with sensitivity estimates as low
as 39.6%. Different assumptions also have implica-
tions for differential attrition in each step of the
“screening-to-treatment chain” (Silverstein &
Radesky, 2016). For example, the scenario that most
closely reflects the assumptions of Robins
et al. (2014) implies that the M-CHAT-R’s
sensitivity = 91.1%, but also that all children with
ASD who screened positive completed follow-up at
every step (i.e., TPCFU = 100%) and only children
without ASD failed to do so (TNIFU = 61.8%). In
contrast, our final scenario suggests that the M-
CHAT-R’s sensitivity = 39.6%. For this to be true,
only a portion of children with ASD who screened
positive must have completed follow-up (i.e.,
TPCFU = 65.1%), while many children without ASD
also failed to do so (TNIFU = 54.3%).

On a technical level, these scenarios also demon-
strate the close linkage between loss to follow-up and
prevalence. Assumptions about the diagnostic sta-
tus of children lost to follow-up (as in Scenarios A
and B) have implications for prevalence. Conversely,
assumptions about prevalence (as in scenarios C-F)
have implications for the number of cases that must
have been lost to follow-up. Either way, simulation
models constrain the two sets of assumptions to be
consistent. Also notable is the apparent stability of
specificity across scenarios. However, recall that the
numerator for specificity is a count of true negatives,
whereas the numerator for sensitivity is a count of
true positives. Across scenarios, the number of true
negatives who received no evaluation varied between
14,629 and 14,888 (range = 259). The number of
true positives who received no evaluation varied
between zero and 65 (range = 65). Thus, the numer-
ator for specificity varied by more than the numer-
ator for sensitivity. However, the denominator for
specificity is very large (i.e., ranging from 15,624 to
15,948 children without ASD across scenarios)
compared to the denominator for sensitivity (i.e.,
ranging from 123 to 447 children with across
scenarios). Thus, differences in specificity obscure
differences in the number of true negatives while
sensitivity accentuates differences in the number of
true positives.

Simulating lack of follow-up in ASD screening 663

Updates published since the USPSTF
recommendation

In 2019, Guthrie et al. published an analysis of
25,999 children screened with the M-CHAT-R (many
of whom received the follow-up screen) that is among
the most influential papers on autism screening
published since the last USPSTF review. The meth-
odology differed from Robins et al. (2014). Instead of
prospectively following screened children, the
authors examined electronic medical records to
retrospectively determine whether children diag-
nosed with ASD through at least 4 years of age had
previously screened positive on the M-CHAT-R. The
paper estimated much higher prevalence (2.2%) and
lower sensitivity (38.8%; CI: 34.3%-43.3%) and
specificity  (94.9%; CI: 94.5%-95.2%; Guthrie
et al., 2019). Notably, a similar longitudinal study
from Norway that analyzed 54,463 children screened
with the M-CHAT reported similar sensitivity (31.2%),
yet lower prevalence (0.62%; Schjolberg et al., 2021).

By applying higher prevalence estimates (2.2%,
2.78%) from Guthrie et al. (2019) and from recent
surveillance (Maenneretal., 2023) to the observations
reported by Robins et al. (2014), our final two
scenarios offer a potential explanation for the dis-
crepancy in sensitivity estimates. Assuming that a
significant proportion of children lost to follow-up
initially screened negative, observations reported by
Robins et al. (2014) are consistent with lower esti-
mates of accuracy (sensitivity = 39.6%-50%,
specificity = 93.7%-93.8%) that are closer to Guthrie
et al. (sensitivity = 34.3%; specificity = 94.9%)
than to the original paper (sensitivity =91.1%;
specificity = 95.5%). Notably, the assumptions inher-
ent in the report by Robins et al. (2014) imply that
families, clinicians, and the system in which they
work are very successful at ensuring that children
who have ASD (but are not yet diagnosed) receive
evaluations while children without ASD avoid them
(TPCFU = 100%; TNIFU = 61.8%). In contrast, sce-
nario F, which assumes that the overall population
prevalence is 2.78%, implies a more modest level of
accurate clinical follow-up (TPCFU = 65.1%;
TNIFU = 54.3%).

Given differences in prevalence and sample ages
between the two studies, it is reasonable to ask
whether developmental trajectories play a role. As
Robins (2020) noted, “all ASD cases likely are not
detectable at 18-24 months, based on the trajecto-
ries of emerging symptoms, severity of symptoms,
and the child’s ability to employ compensatory
mechanisms, which can mask impairments”.
Indeed, a body of evidence suggests that many
children who meet criteria for ASD at an older age
do not meet criteria when evaluated at a younger
age. For example, many younger siblings of children
with ASD who are not diagnosed at one age are found
to meet diagnostic criteria at a later age (Brian
et al.,, 2016; Ozonoff et al., 2015; Zwaigenbaum
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et al., 2016). Likewise, reviews of health and school
records that form the basis of US prevalence
estimates find higher prevalence of ASD at age 8
than at age 4 (Christensen et al.,, 2015, 2016).
Finally, studies of diagnostic stability consistently
find that more children transition into an ASD
diagnosis as they age than transition away from
one (Guthrie, Swineford, Nottke, & Wetherby, 2013;
Pierce et al., 2019; Woolfenden, Sarkozy, Ridley, &
Williams, 2012). Thus, one might expect that some
proportion of children who were found (or assumed)
not to have ASD at 18-24 months would, if evaluated
at a later age, be diagnosed with ASD. However, there
are two types of undiagnosed cases: those who
initially screened positive and those who initially
screened negative. The M-CHAT-R’s sensitivity can
only be high if screen positive children were later
diagnosed with ASD. However, Guthrie et al.’s find-
ings suggest that the majority of children diagnosed
with ASD by age 4 years originally screened nega-
tive. Therefore, developmental trajectories are not
likely to explain the difference in findings.

Instead, Robins (2020) argued that “the purpose of
screening toddlers is to refer to expert diagnosticians
as many cases as possible in the first 2 years of life so
that children can start treatment as early as possible
to maximize outcomes.” Thus, “we should not be
using ASD diagnosis at age 4, 8, or 10 as the primary
metric to evaluate the success of the screening
program. Rather, we should rigorously apply concur-
rent case confirmation approaches to measure the
performance of the screening tool against the gold
standard assessment at that target age.” The validity
of this argument rests on the definition of the word
“case.” Does “case” refer only to children who meet
diagnostic criteria right now (as reflected by point
prevalence)? Or does the word also refer to children
with “prodromal” presentations who exhibit symp-
toms but do not (yet) meet diagnostic criteria for ASD?
Is it only the former who should “start treatment as
early as possible to maximize outcomes,” or would the
latter group benefit as well? Evidence that “red flags”
for ASD observed by 12 months of age are predictive
oflater ASD diagnoses suggests the potential utility of
offering intervention to children with a broader range
of presentations (Dow, Day, Kutta, Nottke, &
Wetherby, 2020; Pileggi et al., 2021).

Screening as a process

Simulations demonstrate that when screening is
conceptualized as a process, every step matters—
including steps that determine whether or not
children complete an additional evaluation (Gardner
et al., 2021). Research on family navigation recog-
nizes this fact (Broder-Fingert et al., 2020; Feinberg
et al., 2021). However, as the National Academy of
Medicine (NAM) notes in Improving Diagnosis in
Healthcare, most research on assessment tools
focuses on accuracy (National Academies of Science,
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Engineering, and Medicine, 2015), not their clinical
application. As the NAM highlights, accurate results
are not sufficient by themselves to improve care—
results must also influence case conceptualization
and decision-making among both clinicians and
caregivers. Indeed, accurate screening may improve
care by highlighting unrecognized signs of autism.
But screening may improve care in other ways, for
example by prioritizing attention to child develop-
ment and facilitating shared decision-making. For
instance, the results of a screening questionnaire
may not be unexpected to families, yet still facilitate
building consensus on interpretation and seeking
care (Mackie et al., 2021). Thus, accuracy may not
be the only important attribute of a screening tool.

Notably, in the scenarios we considered, children
were more likely to proceed to the next step of the
screening process if they truly had ASD than if they
did not (see Figure S1). That is, not only were
children more likely to screen positive, they were
also more likely to complete follow-up. Thus, higher
attrition among children without ASD may enhance
the specificity—and therefore the overall accuracy—
of screening processes. As suggested above, the
mechanisms by which this occurs are likely to
involve decisions by clinicians and parents. On
reflection, the hypothesis that decision-making can
(under some conditions) contribute to the accuracy
of a screening process is not all that implausible.
Indeed, Guthrie et al. (2019) reported that a majority
of children with ASD were detected by means other
than screening and diagnosed before 4 years of age.
Likewise, in a recent implementation study that
documented substantial increases in the diagnosis
of ASD while reducing disparities (Sheldrick
et al., 2022), an important pathway to diagnosis
involved completing an evaluation based on parent
and/or clinician concerns despite a negative screen
(Sheldrick et al., 2019). In this study, considering
the possibility of misclassification was conceptual-
ized as part of the screening process (Sheldrick
et al., 2015; Sheldrick & Garfinkel, 2017) and was
therefore incorporated in clinicians’ training.
Designed well, a screening process that enhances
shared decision-making can help to mitigate false
positive and/or false negative errors that should be
expected from any single screening tool.

We note some limitations. Each analysis depended
on multiple assumptions, and not all plausible
assumptions were considered. For example, our
models do not consider possible moderators of
screening accuracy, such as child age and cognitive
level or race, ethnicity, culture, and language. This is
an important topic for future research as the Guthrie
et al. (2019) study reported differential performance
of the M-CHAT-R in children who were racially and
economically diverse. Analyses focused on missing
or incomplete data and did not address other
potential methodological biases, such as the likeli-
hood of imperfect diagnostic evaluations (see
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Appendix S1 for detail). Moreover, we did not analyze
reasons for loss to follow-up, such as stigma and
social determinants of health, that may be important
for improving care.

Conclusions

In this paper, we reconsidered inferences regarding
the accuracy of the M-CHAT-R reported by Robins
et al. (2014), while highlighting implications for every
step in the screening process. On one hand, we find
that ASD screening tools may be less accurate than
is often reported. On the other hand, parent and
clinician decision-making regarding follow-up may
contribute more to detection than is widely assumed.
We pose two questions for future research. First,
what is known versus what is assumed regarding the
accuracy and clinical effectiveness of screening
tools? As Zwaigenbaum and Maguire (2019) argue,
“Ultimately, the potential added value of ASD
screening must be considered relative to what would
occur in its absence.” When evaluating a screening
tool, it is critical to consider assumptions underlying
estimates of sensitivity and specificity. Second, how
can entire screening processes be engineered and
monitored to maximize effectiveness? A screening
tool is only one element in a larger system of care.
Attention to other elements of system design is also
warranted, such as how best to mitigate false
positive and false negative errors (which inevitably
result from any screener [Sheldrick et al., 2015]) and
how to support shared decision-making with families
who are diverse with respect to race, ethnicity,
culture, and language in a way that facilitates timely
detection and diagnosis for all children who can
benefit from early intervention services.
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Key points

both clinicians and caregivers.

accurate than is often reported.

« Several past studies conclude that autism screening tools are highly accurate. However, more recent
studies suggest lower accuracy. In addition, the National Academy of Medicine emphasizes that
accurate screening is not sufficient to improve care—results must also influence decision-making among

« Our results demonstrate that estimates of accuracy depend on assumptions regarding the diagnostic
status of children who were lost to follow-up. We conclude that ASD screening tools may be less

. However, simulations also demonstrate how every step in a screening process matters—including steps
that determine whether children complete an additional evaluation. We conclude that parent and
clinician decision-making regarding follow-up may contribute more to detection than is widely assumed.
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