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The Centers for Disease Control and Prevention’s (CDC) Learn the Signs. Act
Early. program, funded the American Academy of Pediatrics (AAP) to convene
an expert working group to revise its developmental surveillance checklists.
The goals of the group were to identify evidence-informed milestones to
include in CDC checklists, clarify when most children can be expected to reach
a milestone (to discourage a wait-and-see approach), and support clinical
judgment regarding screening between recommended ages. Subject matter
experts identified by the AAP established 11 criteria for CDC milestone
checklists, including using milestones most children (=75%) would be

expected to achieve by specific health supervision visit ages and those that are
easily observed in natural settings. A database of normative data for individual

milestones, common screening and evaluation tools, and published clinical

opinion was created to inform revisions. Application of the criteria established

by the AAP working group and adding milestones for the 15- and 30-month

health supervision visits resulted in a 26.4% reduction and 40.9% replacement

of previous CDC milestones. One third of the retained milestones were
transferred to different ages; 67.7% of those transferred were moved to older
ages. Approximately 80% of the final milestones had normative data from =1
sources. Social-emotional and cognitive milestones had the least normative
data. These criteria and revised checklists can be used to support
developmental surveillance, clinical judgment regarding additional
developmental screening, and research in developmental surveillance
processes. Gaps in developmental data were identified particularly for social-

emotional and cognitive milestones.

The American Academy of
Pediatrics (AAP) recommends
developmental surveillance and
screening to identify children with
developmental delays or
disabilities (DDs) early, help to
ensure timely interventions, and
improve outcomes.” Developmental
surveillance is a longitudinal
process that involves eliciting
concerns, taking a developmental
history based on milestone
attainment, observing milestones
and other behaviors, examining the
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child, and applying clinical
judgment during health
supervision visits (HSVs).
Developmental screening involves
the use of validated screening tools
at specific ages or when
surveillance reveals a concern.!
Diagnostic evaluations are
conducted, typically by
developmental specialists, to
further evaluate and diagnose DDs
in children deemed at risk through
surveillance and screening
processes.
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Developmental surveillance is family
centered to promote conversations
and trusting relationships wherein
families can express concerns.?
Surveillance involves clinical
judgment about when a child may
be at risk for delays and when
additional developmental screening
might be warranted. Milestone lists
help to guide developmental
surveillance, but those used for
surveillance, unlike screening and
evaluation tools, are not validated.
Typically, lists of milestones are
uncited, are based on clinical
opinion, and/or report the average
or median age a milestone should be
achieved. Moreover, ages specified
for individual milestones are
inconsistent across sources.>*

Lists that cite average or median
ages at which children achieve
milestones provide insight into
typical development but do not
provide clarity for parents,
pediatricians, and other early
childhood professionals (ECPs)
about when to be concerned or
when additional screening might be
helpful.* For example, lists based on
median (50th percentile) age
milestones might encourage a wait-
and-see® approach because half of
children are not expected to achieve
the milestone by that age. In CDC
focus groups, parents of children
with disabilities reported delays in
identification because they were
told to wait, that children develop
differently, and that some take
longer than others. Milestone lists
need to support developmental
surveillance and clinical judgment
on when additional developmental
screening could better assess risk
for developmental delays.

In 2004, the CDC’s Learn the Signs.
Act Early. program developed free
developmental surveillance
milestone checklists that included
developmental warning signs for
parents, pediatricians, and ECPs;
messaging to “act early” by

2

addressing concerns; and
developmental tips/activities. These
materials were developed to help
parents to recognize typical
development, elicit parents’
concerns about their child’s
development, improve discussions
between parents and professionals
about a child’s development, and
support universal developmental
screening at recommended ages and
additional screenings when there
are concerns. The milestones were
adapted from Caring for Your Baby
and Young Child: Birth to Age 5 (5th
ed) to align with recommended
HSVs.® Like most milestone lists, the
original sources of the milestones
were uncited, and adaptations were
based mainly on clinical opinion, not
on empirically informed evidence.

Based on 15 years of use, 3 areas
for improving the checklists were
identified by the CDC. First, criteria
for checklists used for surveillance
needed to be established to evaluate
the existing CDC checklists. Second,
milestones within checklists would
represent milestones above the 50th
percentile®**”® to ensure that most
children would achieve the
milestone by a given age. Lastly,
new checklists for the 15- and 30-
month HSVs were needed to
complete the series 2 months to 5
years of age to improve integration
of developmental surveillance across
early childhood HSVs. This article
presents the results of these
revisions.

The AAP Systems of Services for
Children and Youth With Special
Health Care Needs team identified
and convened 8 subject matter
experts (SMEs) in different fields of
child development. The group
included developmental-behavioral,
neurodevelopmental, and general
pediatricians; child and
developmental psychologists; and a
professor of special education and
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early intervention. All SMEs had
graduate training and experience in
research methodology and medical
decision-making and clinical
experience in developmental
surveillance, screening, and
evaluation. One SME was an editor
of and 2 contributed to the AAP’s
Bright Futures: Guidelines for Health
Supervision of Infants, Children, and
Adolescents (4th ed).” Two SMEs
were lead authors of the AAP’s 2020
clinical report, “Promoting Optimal
Development: Identifying Infants
and Young Children With
Developmental Disorders Through
Developmental Surveillance and
Screening”?; another had long-time
experience as a developer of
screening tools.

The SMEs developed 11 criteria for
CDC surveillance milestones and
tools (Table 1). SMEs nominated the
criteria on the basis of their clinical
experience and use of CDC
surveillance materials. Nominations
were discussed, and those that were
unanimously agreed upon were
included as criteria. Of note, the
SMEs agreed that milestones should
be easily observed in natural
settings and =75% of children
would be expected to achieve a
milestone at a given age. The
strategy (=75%) was chosen to
support clinical judgment regarding
performing additional
developmental screenings, with
validated screening tools as a next
step to assess a child’s risk for
developmental delays. This strategy
may also prevent a wait-and-see
approach because most children of
the same age would be expected to
achieve the milestone. To reduce
confusion about when to be
concerned, developmental warning
signs were eliminated because not
achieving milestones that most
children (=75%) are expected to
achieve similarly warrants more in-
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TABLE 1 Criteria for Developmental Milestones and Surveillance Tools.

. Eliminate “warning signs”®

. Are organized in developmental domains

o ~N O U B~ NN =

. Milestones are not repeated across checklists
9. Include open-ended questions

10. Include information for developmental promotion

. Are easy for families of different social, cultural, and ethnic backgrounds to observe and use
. Are able to be answered with yes, not yet, or not sure
. Use plain language, avoiding vague terms like may, can, and begins

. Show progression of skills with age, when possible

11. Include information on how to act early if there are concerns

. Milestones are included at the age most (=75%) children would be expected to demonstrate the milestone

Criteria developed by SMEs.

@ Milestones listed separately within CDC materials with parent messaging to act early if child has not attained them.

depth surveillance and consideration
for developmental screening.

Milestones for possible inclusion in
CDC surveillance materials were
identified by the SMEs. Existing CDC
milestones were automatically
included for evaluation and were
the foundation for the revised
checklists. Other milestones were
identified by a literature review and
commonly used developmental
resources.

A broad literature search was
conducted in March 2019 using
MEDLINE, PsychlInfo, and ERIC
databases. Search terms were
developed in collaboration with the
CDC librarian after discussion of the
objective of the literature review
and comprised the following: (1)
milestone, normative (data, table,
range, value) or age (range,
appropriate) AND (2) child
development or infant development
AND (3) percentile, psychometrics,
predictive values, red flags, warning
signs, assessment, monitor, delay, or
reference (standard, values).

An article was included for
evaluation if it was written in
English, contained evidence that
supported at least one normed
individual developmental milestone
or included published clinical
opinion (ie, consensus milestones)
that children exhibit the milestone

PEDIATRICS Volume 149, number 3, March 2022

by a specific age, and limited to
children aged =5 years. Articles
were excluded if evidence was
limited to special populations (eg,
preterm infants) or risk factors.
Non-peer-reviewed articles,
dissertations, and books were also
excluded.

Articles were evaluated by the first
2 authors to determine if they met
inclusion criteria. Articles chosen by
both authors, either on initial review
or after additional discussion and
agreement between these 2 authors,
had milestone data extracted for
review by the SME group.

SMEs nominated several additional
resources for evaluation, including
parent resources, professional
teaching resources, and commonly
used screening and diagnostic
evaluation tools (Table 2).
Inclusion criteria for these
resources were availability in
English and contained evidence
that supported at least one
individual developmental milestone
or included published clinical
opinion (ie, consensus milestones)
that children exhibit the milestone
by a specific age. All nominations
were accepted for additional
review.

Existing CDC milestones served as a
foundation for identifying milestones
and were automatically evaluated.
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The following data were extracted
from existing CDC milestones,
articles selected for review, and
developmental resources: individual
milestones, supporting references,
and any normative data or
published clinical opinion for the
milestone. Milestones with
conflicting data (eg, age at which
most children should achieve the
milestone) were flagged for
additional discussion.

4A comprehensive database was
created with information extracted
from CDC milestones and resources
for individual milestones from ages
2 months to 5 years, aligned with
AAP HSV ages, and shared with the
SME group. Original data sources,
such as articles that met inclusion
criteria and nominated
developmental resources, were
also shared with the SME group.
SMEs collaborated through an in-
person meeting, 6 virtual meetings,
and e-mail reviews of decision
summaries from January to
September 2019.

During meetings, the SMEs
discussed categorizing milestones
into 4 developmental domains: (1)
social emotional, (2) language/
communication, (3) cognitive, and
(4) motor. These domains were
previously used in CDC materials
and could help parents to learn
about different areas of child
development (eg, social-emotional



TABLE 2 Additional Developmental Resources Reviewed

Parent Resources

Educational/Training Resources

Developmental Screening Tools

Diagnostic Evaluation Tools®

AAP Bright Futures Previsit

Questionnaires'®

American Speech-Language-

Hearing Association
development charts"

AAP brochure “Is Your One-Year-

0ld Communicating With You?”'?

CDC Learn the Signs. Act Early.
checklists'

FIRST WORDS Project 16 x 16"

AAP Bright Futures guidelines (4th ed)®

AAP Pediatrics in Review articles'2'

Ages & Stages Questionnaires
(3rd ed)?

Ages & Stages Questionnaires:

Social-Emotional®

Modified Checklist for Autism in

Toddlers, Revised?*

Parents’ Evaluation of

Developmental Status With

Developmental Milestones®

Survey of Well-Being in Young

Bayley Scales of Infant and Toddler
Development (3rd ed)?’
Beery-Buktenica Developmental
Test of Visual-Motor Integration
(6th ed)?®

BRIGANGE Early Childhood

Screens 111

The Capute Scales: Cognitive
Adaptive Test/Clinical Linguistic
and Auditory Milestone Scale®

Children?®

MacArthur-Bates Communicative
Development Inventories

(2nd ed)®'
Mullen Scales of Early
Learning®?
Peabody Developmental Motor
Scales (2nd ed)
Preschool Language Scale-5°*

@ Diagnostic evaluation tools were cross referenced when there was lack of agreement supporting a milestone or age of a milestone across other data sources. Not all mile-

stones were cross referenced with diagnostic resources.

skills in addition to language/
communication skills). Because
milestones often represent skills
across several domains, they were
placed in the domain in which the
SME group believed that parents
would most likely identify them. For
example, reciprocal play skills
involving other people were
categorized as social-emotional, and
other play skills were categorized as
cognitive.

Milestones were reviewed for 2 to
3 ages at a time (eg, 2, 4, and 6
months) so that skill progression
could be considered. Milestones
were reviewed by the SME group
on the basis of the criteria outlined
in Table 1. First, SMEs considered
milestones with normative data
that supported achievement by
=75% of children at a particular
age. Next, they considered
milestones from screening and
diagnostic tools. Finally, SMEs
considered milestones that were
based on published clinical
opinion. Each of these data sources
was cross referenced with the
others to get a sense of the
evidence base available to support
inclusion of a milestone in revised
CDC checklists.

4

If there was disagreement across
sources or lack of evidence
supporting a milestone for a specific
age, additional research was
conducted, and additional evidence
was then evaluated by the SMEs
according to the developed criteria.
This included reviewing diagnostic
evaluation tools (Table 2) and/or
conducting a separate PubMed
search for a specific milestone or a
related skill. For example, additional
evidence was sought for age-specific
development of gestures like lifting
arms to be picked up, waving bye-
bye, and blowing a kiss.

SMEs used the available evidence
base and their clinical experience to
determine if and at what age a
milestone would be included in the
revised checklists. Only milestones
with unanimous agreement were
included.

During the evaluation process, SMEs
denoted milestones they included
for surveillance but believed that
additional research could improve
age placement, quality, and/or
quantity of supporting evidence or
better capture the underlying
developmental construct of the
milestone. Finally, the SMEs
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simplified the milestones and added
examples to try to improve
understanding. The CDC team then
reviewed milestones from a cultural
and health communication
perspective (eg, family friendly,
fifth- to sixth-grade reading level),
and SMEs reviewed those changes
again to ensure that the milestone
still represented the developmental
construct being assessed.

With the use of back-translation
methods, the milestones were
translated into Spanish by CDC
Multilingual Services and reviewed
by 2 native Spanish-speaking
pediatricians. Cognitive testing with
a diverse sample of parents located
in different regions of the United
States provided feedback on
relatability and clarity, which led the
SMEs to make additional changes to
wording. Results of cognitive testing
will be published separately.

Of the 1027 articles generated from
the literature review, 34 met
inclusion criteria. Of those, 24
contained normative data, and 10
contained published clinical opinion
for =1 milestones. Six additional
articles were found through

ZUBLER et al



independent searches to evaluate
individual milestones when SMEs
determined that the milestone was
appropriate but insufficient or
conflicting evidence supported its
use at a specific HSV age. Of the
articles with normative data, 14
(58.3%) described populations
within non-English-speaking
countries.

Tables 3 to 6 list the milestones that
SMEs included in CDC checklists
after critical evaluation and
unanimous decision. They are
presented by domain with HSV age,
references that support the
inclusion of the milestone at that
age, and whether the milestone was
an existing or new CDC milestone.
Supporting references are divided
into normative data, developmental
screening and evaluation tools, and
published clinical opinions.

Previously, CDC had 216 milestones
across 10 checklists. With the
addition of 15- and 30-month
checklists and the evidence review
process, 159 milestones were
included across 12 checklists. This
represented a reduction of 57
(26.4%) CDC milestones, with the
average number of milestones per
checklist decreasing from 22 to 13.

Of the final 159 milestones that met
the evaluation criteria, 94 (59.1%)
were based on CDC original
milestones and 65 (40.9%) were
added on the basis of the milestone
identification and evaluation
process. One third of the 94 retained
CDC milestones were moved to a
different age on the basis of the
criterion that =75% of children
would be expected to achieve the
milestone by that age. When moved,
21 of those 31 milestones were
transferred to an older age. More
than half (56.5%) of the original 216
milestones were eliminated
(Supplemental Table 7) on the basis
of SME criteria, including 25 that
were duplicated across checklists at
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different ages. For example, Tries to
use things the right way, like a
phone, cup, or book” was on both
the 12- and 18-month checKklists;
this milestone was placed only at 15
months on the basis of supporting
evidence. Additionally, eliminating
vague terms, such as may or begins,
resulted in moving and changing
milestones; for example, “Begins to
pass things from one hand to anoth-
er” was removed from the list of
milestones at age 6 months and was
included as “Moves things from one
hand to her other hand” at age 9
months.

The 1-, 2-, and 3-year-old checklists
had the greatest decrease in the
number of milestones, with a =50%
reduction. Approximately half of the
aggregate loss for these ages was
due to moving milestones to the
new 15- and 30-month checklists.
When combining all new and
revised checklists for 1 to 3 years,
the number of milestones was
reduced by 25.7%, consistent with
the 26.4% reduction of milestones
across the other age ranges.

All 4 domains had a reduction in
number of milestones. Cognitive
milestones decreased by 34
(50.7%), social emotional decreased
by 16 (27.5%), language decreased
by 4 (9.1%), and motor decreased
by 3 (6.4%). Social-emotional and
cognitive domain milestones were
the least likely to have normative
data available. The social-emotional
domain had 25 (59.5%) milestones
with 0 to 1 normed references and
8 (19.0%) with =3 normed
references. The cognitive domain
had 19 (57.6%) milestones with 0 to
1 normed references and 8 (24.2%)
with =3 references. In contrast,
language and motor domains had 11
(27.5%) and 10 (22.7%) milestones
with 0 to 1 normed references and
21 (52.5%) and 30 (68.1%)
milestones, respectively, with =3
normed references.

Of the final 159 milestones, 127
(79.9%) were retained or added on
the basis of normative data, whereas
32 (20.1%) milestones were
included on the basis of screening
and evaluation tools, published
clinical opinion, and SME opinion. Of
milestones with normative data, 32
had normative data from only 1
resource. The SMEs believed that 22
(13.8%) of the final milestones were
candidates for additional research,
as noted in Tables 3-6; this subset
includes the milestone “Sings,
dances, or acts for you,” the only
milestone included or retained
without supporting evidence on the
basis of SME opinion.

Of the 77 developmental warning
signs listed on the old CDC
checklists, 59 (76.6%) had a
corresponding milestone on the new
checklists.

The CDC checklists support
developmental surveillance and
other important components of the
early identification process by
pediatricians and other ECPs,
including developmental promotion,
parent education and engagement,
communication of developmental
progress and concerns, and
developmental screening.”>?7277%
However, variability across
surveillance resources, including the
CDC'’s, can create confusion
regarding what constitutes a
concern and when developmental
screening between recommended
ages might be warranted.>*3%7¢

An expert working group convened
by AAP sought to improve CDC
surveillance tools by enhancing
conversations among pediatricians,
ECPs, and families regarding
childhood development and guiding
clinical judgment on when to
conduct developmental screening
between recommended ages. These
tools are not intended to replace
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validated screening tools but instead
to promote optimal child
development and encourage
professionals to act early through
surveillance and screening as
outlined in the AAP’s clinical
report.! Results indicate substantial
changes were made developing and
applying criteria for surveillance
milestones and tools, adding 15- and
30-month checklists, and
incorporating evidence-informed
milestones.

Clinicians have used attainment of
developmental milestones for almost
a century’” to determine if a child is
developing typically. Pediatricians
have reported increasing use of
milestone checklists from 53.0% in
2002 to 89.6% in 2016, in addition
to their report of increased
developmental screening.”®
However, these surveillance
milestone checklists are likely based
on published clinical opinion due to
the lack of published normative
milestone data and the lack of
citations of original sources on
checklists. The domain tables
generated from this work linking
developmental milestones to
empirically informed evidence and
published clinical opinion could
improve training of professionals
and methods for surveillance,*”"8
such as incorporation of the CDC’s
open access milestones/checklists
into electronic health records.

Milestone checklists used in
surveillance are intended to prompt
conversations, review
developmental history and progress,
and elicit concerns. The CDC
checklists should not replace
universal developmental screening,
provide a risk categorization, or
diagnose DDs. To determine if
concerns about milestones should
prompt a more in-depth
developmental history, observation,
and examination along with
consideration for assessing actual
risk by screening, the SMEs

10

recommended that most children
(=75%) should be expected to
achieve milestones by a given age.

SMEs believed that using 50th
percentile milestones for
surveillance would not support
clinical decision-making for
developmental screening because
only half of children would be
expected to achieve an individual
milestone by a given age. Using
milestones that 85% or 90% of
children would be expected to
achieve may limit opportunities for
additional screening for too many
children at risk for developmental
delays. A =75% criterion was thus
agreed upon to balance informed
clinical decision-making regarding
developmental screening and
provide opportunities to identify
children at risk for delays as soon as
possible. Pediatricians are
encouraged to follow AAP
recommendations to screen a child,
using validated screening tools,
when surveillance reveals a concern
or anytime a concern is raised, to
identify and refine the risk for
developmental delays."

The criterion (Table 1) for
milestones representing those that
most children (=75%) would be
expected to achieve eliminated the
need for the CDC’s previous warning
signs because most are now
represented as milestones. Using
this strategy, SMEs agreed that a
child not meeting a milestone
should be considered for screening
similar to children demonstrating
warning signs. Less than a quarter
of warning signs could not be
replaced with an evidence-informed
milestone. Examples not
represented as new milestones
include subjective items such as
“shows extreme behavior (unusually
fearful, aggressive, shy or sad)” and
items that may be better recognized
during a physical examination, such
as “stiff or tight muscles.” Additional
features of the surveillance tools

Downloaded from http://publications.aap.org/pediatrics/article-pdf/149/3/e2021052138/1272354/peds_2021052138.pdf
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may identify those types of
concerns. For example, the act early
message was retained, and new
open-ended questions were added
to encourage parents to ask about
other concerns.

Use of this same strategy is intended
to discourage the wait-and-see
approach and could prevent worry
for children older than the average
age of attainment of a milestone but
not likely to be at risk for delays."®
It could also eliminate the confusion
families had with milestones and
warning signs on the same checklist
and repetition of milestones across
checklists.

The application of additional criteria
(Table 1) to improve clarity in the
revised milestones may help
parents, pediatricians, and other
ECPs to recognize when missing
milestones might indicate the need
for developmental screening.
Although milestones typically span
several developmental domains,
SMEs believed that keeping domain
labels could improve awareness of
the less commonly known social-
emotional and cognitive
development milestones of young
children. Showing progression of a
skill, like walking, could
demonstrate how earlier milestones
lay the foundation for later ones.
Adding the open-ended question, “Is
there anything your child is doing or
is not doing that concerns you?”
may encourage parents to discuss
the quality with which a child
exhibits a milestone, milestones not
listed within the sample, and
atypical behaviors difficult to
capture through a list.*? Finally,
including information on
developmental promotion and acting
early may empower families to
support their child’s development
and to ask about screening if they
have concerns.

Surveillance of social-emotional
and cognitive milestones supports

ZUBLER et al



81

e 18 J4BYIS “(07) e 39

430499 “(71) SPIOM ISul4

‘(8) e 18 uewsoq (99)
s34 Y3g ‘(L1) VHSY

(99)
saJning W31g “(L1) VHSY
(8hH
e 38 JJ1eyds “(0z) [e 18
JaqJey ‘(¢g) Joveg pue
[13mxoe|g “(ZP) |8 18 uewj|ag
(81) 183
1eYdg “(02) [e 18 Jaquen
'(8G) Javeg pue |jamyoe|g
(84)
e 18 J4BY9S “(07) e 18
JaqJan (g) |e 1@ uewsoq

(81) 1B 19 JJRYIS ‘(S1)
00se|g pue uosuyop ‘(0z)

B 39 49GJ8Y “(g) |8 39
uewsoq ‘(gy) |e 18 uew|ag

(2P) 1e 18 uewi|ag
(81) 1e 18
48498 “(02) e 10 J48qJay
‘(8) Ie 18 uewsoq ‘(9%)
saJning W3NG “(L1) VHSY
(99) sadning W3ug “(¢¥)
[e 18 uewjiag ‘(L) VHSY
‘(09) @1ndey pue opJesdy
(81) 18318
1BY2S “(02) [B 10 J4aqJay
‘(99) sauning Blug
‘(2G) Joxeg pue |jamxoe|g

WNG-sa3d ‘¢-0Sv

¢-08v

¢-08v

2-0Sv

(52)
ING-SQ3d (¢2) ¢-0SV

(89)

UlJ3d pue YolIp[aus

‘(BY) [e 18 uomy

‘(99) |e 18 suoispe|y

‘(L¥) | 18 uosua4
'(G9) e 10 wald3

(89) ulaJad pue

YOPIBYS (L) e 38

egedJefo] (gp) e 19

J91seoueT ‘(¥6) |e 19

uspnQ uaq ‘(0y)

|e 310 aAeyg ‘(0%)
ainde) pue opJeady

(09)
aindeq pue 0pJeody

(1) 1 10 ededdefo]
“(bp) |e 10 dewny

(89) UllJag pue

MOLIPIBYS “(¥G) e 10

uapnQ uaq “(0y)

|e 10 aAeyg ‘(0%)
B:Qmo pue opJeddy

(¥¥) 12 10 deWny

“(¥S) e 18 uapnQ
usQ (g¢) e 10 walg

(S9)

|e 30 walJ3 ‘(09)
ainde) pue 0pJeady

(89)

UlJISd PUE Y91P[aYS

,'(8) [e 39 uewsoq

MAN

209

MaN

MaN

209

900

MaN

209

MaN

909

ow g

ow g

ow g

ow 9

ow g

ow ¢

ow ¥

ow ¥

ow g

owg

dn payoid
9g 01 dn swJe sy

.BOBCEqeq,

pue eweweuwew,

9y1| spunos
1UBJBKIP SONEIN

N
guleanbs sayep
(smo|q pue
1IN0 anguo} $Y0118)
.Solduaqdsed, smolg

noA yum spunos
Supjew suuny saxe|

9910A

JnoA Jo punos ay}
pJemo} peay sudnj

wry

01 Y|e} noA usym
30BQ SPUNOS SaYeN

(8u1009)
.yyee, pue ,0000,
91| SPUNOS saxel

,SPuNos

pnoj 01 s1oeay

Sulkuo ueyy
Jay3jo spunos sayen

Luotuidg [eaul|y paysiand

41001 uorenjeny
pue 3uluaaJog
|euawdo|anaq

L2180 9AIJBWAION

904N0g

MaN 40 909

a8y

S9U0IS9|IN
uol1eaIuNWwwWon
/agengue

$99UaJa)aY uoluId( [BOIUNY PaySIigng Pue ‘S|00] uolen|eA] ‘BleQ AllewJON Suildoddng yiim Sau0IsSa|IN uoiedIuNWWOo) pue agengue] ¢ 319vL

PEDIATRICS Volume 149, number 3, March 2022
Downloaded from http://publications.aap.org/pediatrics/article-pdf/149/3/62021052138/1272354/peds_2021052138.pdf

bv Virainia Commonwealth University user



(81) 18 19 JJeyaog (0g)

[e 19 J3guey (8) e 18
uewso(q ‘(9¢) seuning
dlug ‘(gG) Jexeg pue
[19mxoe|g “(ZP) |8 19 uewj|ag

(81) [e 39 Jdeyos
‘(Gl) oose|g pue uosuyop
(02) Ie 18 48GUeY (g1) dvv

(1) ooselg pue
uosuyop (9g) saJning slg

(81) 18318
JJBYIS “(07) e 10 Jaquay

(18) pueJquUa|IIH pue
ngcm Am: 0dse|g pue
uoSUYoP (9¢) SaININg JyBlg

)

e 39 JIeyos ‘(0g) [e 19

J9guay (g) |8 18 uewso(
‘(gG) Jasieg pue [jamyoe|g

(81) 18 19 Jueydg
(02) Ie 30 4aquay (9¢)
sadning W3lg ‘(zl) dvv

81) le 18

JJeydg ‘(0g) e 39 J8quay

‘(¥1) SPJOm 1sdi4 (9¢)
$94nIn4 Y3lg ‘(11) YHSY

e-0sv

2-0sv

¢-0sv

2-0sv

NG SQ3d ‘s-0SV

(£2) 11 faikeg

|e 10 Joiseoue] (9¥)

|e 10 auolspely (G¢)

|e 30 walJ3 ‘(09)
ainden pue 0pJeady

(Gy) 1818

Jajseauet ‘(gy) e 1@
uomy “(¢p) [ 19 Wal3

(9%)

|B 18 8UOISPEIY ‘(GF)

e 19 walJ3 (0g)
ainde) pue opJeody

(89)

ulddad pue 3aldpays

‘(Gp) |e 10 Ja1SROUR]
'(G9) Ie 19 wial3

(59)

|B 10 epUOWAIT-SIWE]

‘(GP) |e 10 Jolseoue]
‘(99) Ie 18 suolspely

(82) elegeleul ‘(1v)

e 18 egeddelo] ‘(G

|e 19 Ja1seoue] ‘(9y)

|e }o 9U01Spe[Y (%)

|e 10 wa3 “(09)
ainde) pue opJeoay

(89)

Ulldad pue 4olpjayg

‘(8%) e 38 s1edd “(0g)
aindeq pue 0pJeady

(BY) 18 18 uomy ‘(L)

|e 18 uosuo4 Ammv

| 19 W3 “(+9)

|e 18 uspnQ uaq

‘(8%) e 18 s1edd “(09)
ainde) pue opJeody

BRI

209

MaN

209

MAN

909

RIR)

900

ow g|

ow G|

ow G|

ow G|

ow G|

ow gl

ow g}

ow gl

epep J0 ewew
S9PISAQ SPIOM
¢= Aes 0} sald|
djay 108
0} JO 3ulylowos
J0j YSe 03 Sjuiod
Koy 8y1 sw a9,
‘es pue puey Jnok
N0 pjoy noA uaym
£o1 e nok sanig
9y ‘a)dwexs Jo4

'SPJOM puB 84n1sed

B U100 YHM U9NIS
SUOI10aJIP SMOJ|04

1 dweu

noA uaym 199(qo

Jeljiwey e 18 $007]
gop Joy ,ep, Jo

|leq 40} .Bq, oMl
‘epep Jo ewew
SOpISaQ SPJOM

2 40 | Aes 01 sal]

(M Aes

noA uaym sdois

Jo Aiyaldg sasned)
,0U, spueisJapupn

aweu

|e1oads Jayjoue Jo

LBpep, Jo ewew,
JuaJed e s||e)

.9Kkg-akq, sanem

Luoturdo [eatuly paysijang

$|00] uollen|eAs
pue 3uluaaJog
|euawdo|ana(

q

+21e0 9AIJBWION

904N0g

MaN J0 909

a8y

S8U0IS9|IN
uol1eaIuNWWon
/agengue’

panuijuoy ¥ 314vVL

ZUBLER et al

12
Downloaded from http://publications.aap.org/pediatrics/article-pdf/149/3/62021052138/1272354/peds_2021052138.pdf

bv Virainia Commonwealth University user



(81) 1818
+BYIS (07) [B 38 JaqJen
81
e 18 Jueyodg “(G}) 0ose|g
pue uosuyop ‘(0g) e 19
J49QJaY (8) |8 10 UBWSOQ
'(8G) Javeg pue ||amyoe|g
(81) [ 18 Jueyog
‘(G1) 09se|g pue uosuyop
(02) |e 18 Jaquey (9¢)
sauning y3lig ‘(g1) dvv

(71) SpJom
18414 “(8) e 39 uewsogQ
(G1) 09se|g pue uosuyop
‘(9¢) sa4ning dlug (gG)
Jayeg pue [jamyoe|g ‘(gh)
|6 30 uew|;dg ‘(L) YHSY

(81) B 19 1BY9S *(07)

|B 18 Jaguay ‘(8) |e 18

uewso(q ‘(9¢) saJnind

uBlg ‘(gv) e 19 uewjeg
(L) VHSY ‘(@1) dvv

(81) [ 18 JJeyog

‘(g]) 09se|g pue uosuyop

(02) Ie 19 Jaguay

‘(9¢) seuning y8lg (¢G)

Jayeg pue ||amyoe|g ‘(Z)
|e 30 uew|dg ‘(1) YHSY

(81) 1e 18
1eYag “(02) [e 18 Jaquen
‘(8) Ie 18 uBWSOQ (L}) VHSY

Il Raikeg ‘¢-0sy

Il ksikeg ‘¢-Osv

¢-0sv

NQ-S03d ‘¢-0Sv

¢-0sv

¢-0sv

(82)
UlIIdd PUB YIMP|oYS
‘(Gp) |e 10 Jaiseoue]
(GS) 18 18
epuowal-siwe] “(Sy)
|e 19 Jalseoue’] Ammv
1B 30 Wa3 ‘(0g)
ainde) pue opJeody
(G9) I8 18
BpUOWT-SIUE] “(GY)
1B 10 Jaiseaue] ‘(09)
ainde) pue opJeody

(6Y) 18 18
UoOMY ‘() |e 38 uosua4
(89) uldad
pue %o1p|ays (99)
1B 38 NN (02)
ainden pue 0pJeady
(82) ullad
pue %o1Ip|ays “(9%)
|e 1o auoispe(y ‘(¢¥)
|e 18 Wal3 ‘(¥5)
uapnQ usq (0%)
alnde) pue opJeosay

(1¥)

|e 19 e3eddefd] (0%)
ainde) pue opJeody

(8¢9) utadad

pue %d1pIays “(Gy)

|e 18 Jaiseoue] ‘(99)

[e 19 au0ISpe[y (%)

|e 19 wald3 ‘(09)
ainde) pue opJeody

(8¢) utudad

pue %d1IpIays “(Gy)

MaN

MaN

MaN

MaN

209

BIR)

RIR)

RIR)

ow Q¢

ow 0¢

ow ¢

ou g

ow g

ow g

ow g

ow g|

«¢S1UL S 1BUM,
‘yse pue julod
noA uaym »o0q
e Ul S8uly} sawen

Junda a18goq,
M| ‘pIom uo1joe |
YUM ‘SpJom z= sheg

SpJOM (G~ skeg
sak Suippou
JO SSIy e uimo|q
a1l ‘Buiuiod pue
guinem 1snl ueyl
$94N1898 aJOW S9SN
nok moys
01 W1y Yse nok
uaym siued Apoq
¢ 18e9]| Je 0} sjulod

W 8JON,,
ENTTRREINET: {0
SpJOMm ¢ 1sed| 1e skeS

«4B8q
9y} SI adaym,
‘gldwexa Joj yse
noA uaym »ooq
B Ul S8uIy} 0} sjulod
. OW 01 1 BAID,,
‘Aes nok uaym
K01 ay1 nok uing
91| ‘sodnisag Aue
INOYUM SUOI03JIP
da1s-1 smojj04

Luoturdo [eatuly paysijang

$|00] uollen|eAs
pue 3uluaaJog
|euawdo|ana(

q

+21e0 9AIJBWION

904N0g

MaN J0 909

a8y

S8U0IS9|IN
uol1eaIuNWWon
/agengue’

panuijuoy ¥ 314vVL

13

PEDIATRICS Volume 149, number 3, March 2022
Downloaded from http://publications.aap.org/pediatrics/article-pdf/149/3/62021052138/1272354/peds_2021052138.pdf

bv Virainia Commonwealth University user



gulanp pauaddey

ey 8uiyy
(k1) VHSY — — MaN £y | 18B9| Je noge syjel
,0WAYL Auasunu o
‘A0S ‘BUOS B WOoJ)
(91) UJOM(Q pue uos|09 — — 909 7% SpJom awos sheg
>SPUIOM p=
(L1) VHSY 2-0Sv — M3N £y UHM saouslues sheg
81)
|e 30 JIeyog (Gl) odse|g
pue uosuyop ‘(0g) |e 10

JaqgJay ‘(g) |e 10 uewso(q awi} 8y} Jo
'(99) sauning glg (g9) (Gy) [ 18 Jsjseoue] 1sOw ‘puejsdapun

Jayeg pue [jamxoelg ‘(z) ‘(9%) e 19 auolspely 03 sJayio

|e 30 uew(ag ‘(L1) VHSY Il koikeg '(G2) e 10 wielu3 002 ke Jd0} ygnous |jom syjel
(89) ulad pue
YOLPJRYS (L) 1e 19
egedlefd1 ‘(19) e 10
81) UMOPSUET ‘(gG) 191s0)
[e 19 JJeyog (8g) |e 18 pue Jaguemiyey paxyse
yaojqouy ‘(0g) e 38 1aquay 2-0Sv ‘(9p) [e 1o auOISPE[Y 002 fe usym aweu isuy sheg
guiferd
Jo ‘Sunes ‘guluund
M| ‘payse
81) uaym adnioid
e 19 JUBYDS ‘(8G) e 39 e ul guiuaddey
yaojqouy ‘(0g) e 30 1aquay Il kalkeg ‘o-0SV (9%) 1e 18 auoispe|n MaN ke sI uoijoe jeym sfeg
Appep
(89) /Rwwow s1 8J4ayMm,,
UllJad pue Yo14p|ays 1] ‘suorisanb
(91) unpdomq ‘(18) |18ssny pue Aym Jdo ‘Buaym
pue uosjo) ‘(L) VHSY — JIEN “(¢h) [B 19 wal] MIN ke Ieym ‘oym sysy
,Sa8ueyoxs
yidoj-pue
Hoeq g ises| e
uISn U0I1BSJBAUOD
— Il koikeg — 209 ke ur nok yum syjep
81 (8¢) Ulauad
|e 30 JJeyodg (Gl) odse|g pue %o1p|ays (Gy)
pue uosuyop ‘(0g) |e 10 |e 39 Jd1seoue] ‘(G9)

J9QJay (91) unjomq pue |e 38 wa3 ‘(09) M JO
uos|o) (9¢) sadning ydlug Il kaikeg ‘e-0Sv andeg pue opJeddy 00) ow 0¢ ‘w ‘| a1 spJom skeg
L,uotuidq [eatuny paysignd 4S1001 uonenjeny .B1e(Q 8AllBWION MaN 40 909 gy S8U0IS9|IN

pue 3uluaaJog uolesIuNWWon
|euawdo|ana( /agengue’

904N0g

panuijuoy ¥ 314vVL

ZUBLER et al

14
Downloaded from http://publications.aap.org/pediatrics/article-pdf/149/3/62021052138/1272354/peds_2021052138.pdf

bv Virainia Commonwealth University user



-|9A9Q UMM SNjelS [ejuawdo|anaq 4O uoljen|eay sjusded ‘WQ-Sa3d (PO pJg) juswdojaasq Ja|ppol pue juesu] jo sa|eas Aajfeg

|RIOYBUSY 8G PINOM UDJRasSad [BUOINIPPE 1Byl Juswasuge JNS
‘B}ep aAleWoU pue uojuido [ealuljd paysiignd Y3oq paulejuod e 38 UBwsoq

‘POASIYOR BQ PINOYS BUO1SS|IW B Jey} 9 URIPAW JO 98RJAAR 8Y] 140dad Jo/pue uoiuido [91UI[D JO SISBQ By} U0 Panauf
"(pojuasaddod ode $|001 B[qR[IBAR ||B J0U) $|00} UOIIBN|BAS D13SOUZRIP puB SulugaJos [eluawdoanap pasn AJUOWWOD dWoS
‘uorje|ndod USAIZ B JO4 BUOISO|IW B 4O JUBLIUIBYIE JO 88 JO4 BIEP UOIINGIIISIP SUIdSe] SBPIA0d

El
p
9

q

e

'9U03S9|IW Jey} 40 uoisnjoul Juoddns 03 a|gejieAe Jou sem elep Jo Au08aied/adA} jey3 a3eolpul §|199 Aldw3 ‘— 'Sau03saIjy |ejuswdo

KolAeg ‘(pa pJg) sadieuuonsan() sedeis ® sady ‘¢-QSy ‘uoile100ssy Sulueay-o8enduel-yoaadg ueoldawy ‘YHSY

(81) 1€ 18 Jueyog
(02) 1B 18 48quay “(11) YHSY

(LH) VHSY

(k1) YHSY

(81) 1838
JJBYIS “(07) 8 19 J8quay

(81) 1€ 18 Jueyog
(02) 18 18 48quay ‘(11) VHSY

NG-SQ3d

2-0sv

(89) UldJad

pue %o1p|ays ‘(6S)
Sul||oy pue agqe)IN

(89) uradad

pue %o1p|ays “(28)

[|lassny pue JieN

‘(1) 1e 10 edeasefa]

“(9%) |e 18 auoispe|y
“($h) 12 19 wal3

MaN

MaN

MaN

BIR)

MAN

kg

kg

kg

fg

£y

(Ilex-1ieq “1ed-jeq)

SaWAyYJ a|dwis
$9ZIU3099J JO S3S(

,98UBYIXd

Yiloj-pue-yoeq

o< yum guiogd
uo0I3esJaAu0D B sdody

piy 03

11 1193 JO pead noA

Jaye A401s 4o yooq

e 1noge suonsenb
a|dwis sdamsuy

il

3ulAes Jaydyady e

pue 9343 B Ul 3In3s

189 B 9YI| ‘SJUdAd

¢ 1se9| 1 yum

dn apew Jo pJeay
ays AJo1s e s||a]

.40} uokedd

e Sl JeyMm,, J0 4o}

1e09 e sI Jeum,

9yI] ‘suoisanb
9|dwis sdamsuy

190008 pafe|d

1, oIl ‘Rep siy

Luoturdo [eatuly paysijang

4S1001 uonenjeny
pue 3uluaaJog
|euawdo|ana(

+21e0 9AIJBWION

904N0g

MaN J0 909

a8y

S8U0IS9|IN
uol1eaIuNWWon
/agengue’

panuijuoy ¥ 314vVL

15

PEDIATRICS Volume 149, number 3, March 2022
Downloaded from http://publications.aap.org/pediatrics/article-pdf/149/3/62021052138/1272354/peds_2021052138.pdf

bv Virainia Commonwealth University user



early identification of children with
intellectual and social-emotional
disorders, including autism
spectrum disorder. In our review,
milestones included in the social-
emotional domain had the fewest
normed references per milestone,
followed by the cognitive domain,
language domain, and motor
domain. When social-emotional
milestones were available, they
were often self-help rather than
social engagement and emotional
regulation skills. These results
highlight the need for additional
research on social-emotional
milestones. For example, can
social-emotional function be
assessed using milestones during
developmental surveillance at
HSVs, and what factors influence
the timing and development of
social-emotional skills? Despite
relatively more evidence in the
language domain, SMEs believed
that more research is needed in
the intersection of the social-
emotional and language domains to
recognize and monitor the
development of social language in
young children.

There were limitations with the
revision process. SMEs’ opinions
determined which HSV was most
appropriate for a milestone, given
existing evidence and the goal that
most children (=75%) would be
expected to achieve it by that age.
For example, if there was evidence
that 50% of children reach a
milestone at 11 months and 90%
reach it at 16 months, it was
placed on the 15-month checklist.
Eighty percent of the revised
milestones had normative data to
support their inclusion on a
specific HSV age checklist.
However, it was necessary to use
data such as published clinical
opinion to represent milestones in
all domains across all ages.

16

Regardless of supporting data type,
all revised milestones had
unanimous SME support for their
inclusion in a surveillance tool.
When normative data existed,
limitations remained in the
availability of milestones that met
other criteria. For example,
sometimes it was difficult to find
naturally observable milestones
compared with milestones
demonstrated during standardized
testing. Although the milestones
are evidence-informed using
international sources and cognitive
testing with parents was done,
there is no certainty that these
new milestones will resonate with
all families or that they are the
most relevant milestones for
developmental surveillance. These
checklists and others have not
been tested to see whether they
indeed lead to appropriate
developmental screening between
recommended ages and improve
early identification.

There are other gaps in
developmental surveillance
research. Best practices for
conducting the recommended 6
components® of surveillance are
not available. There are
limitations in the use of
milestones, even evidence-
informed ones, as the sole
component of developmental
surveillance. Milestones/milestone
checklists can support some
components, such as taking a
developmental history and
eliciting concerns, but surveillance
also involves observation,
examination, education,
communication, and clinical
decision-making. Moreover,
trusting relationships may develop
through the longitudinal process
of surveillance and improve
parents’ confidence in sharing
concerns and pediatricians’

Downloaded from http://publications.aap.org/pediatrics/article-pdf/149/3/e2021052138/1272354/peds_2021052138.pdf
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confidence to assess concerns
raised.

Early identification and
intervention for the 1 in 6 children
with DDs have been shown to
improve outcomes.”? 83 However,
less than a quarter of children with
DDs receive early intervention
services before age 3 years,?*8°
and most children with emotional,
behavioral, and developmental
conditions, other than autism
spectrum disorder, do not receive
services before age 5 years.®¢
Developmental surveillance is an
important part of early
identification'®” and facilitates
education, communication, and
relationship building among
parents, pediatricians, and ECPs.
Research in early identification has
focused primarily on
developmental screening, not
surveillance. Improvements in
surveillance tools and processes
could help to identify concerns and
support clinical judgment
regarding developmental screening
to allow more timely referral to
early intervention services and
additional evaluation. The methods
described herein led to substantial
revisions of CDC resources to
better support developmental
surveillance. Best practices for
surveillance and improvements in
surveillance tools could be
supported by additional research
on individual normed milestones,
particularly social-emotional and
cognitive milestones; how parents,
pediatricians, and ECPs learn and
understand milestones; which
milestones are most likely to lead
to appropriate screening; whether
the use of milestones that most
children (=75%) would be
expected to achieve is appropriate
for surveillance; whether
categorizing milestones into

ZUBLER et al
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developmental domains is helpful;
and whether cultural differences
exist in surveillance milestones
and processes.”>™>7 Nevertheless,
based on review of milestone data
and clinical experience, the SMEs
agreed that most typically
developing children would achieve
the developmental constructs
represented. To our knowledge,
this attempt is the first to align
empirically informed milestones on
parent-completed surveillance
tools with objectively defined

criteria agreed upon by SMEs. The
CDC milestones and checklists can
be used in continued efforts to
improve developmental
surveillance.
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