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Abstract

IMPORTANCE Routine developmental screening tests for children are used worldwide for early
detection of developmental delays. However, assessment of developmental milestone norms lacks
strong normative data, and there are inconsistencies among different screening tools.

OBJECTIVE To establish milestone norms and build an updated developmental scale.

DESIGN, SETTING, AND PARTICIPANTS This is a cross-sectional, population-based study
conducted between 2014 and 2020. Developmental assessments were conducted by trained public
health nurses, documented in national maternal child health clinics, known as Tipat Halav, which
serve all children in Israel. Participants included all children born between January 2014 and
September 2020, who were followed at the maternal child health clinics from birth to age 6 years.
Exclusion criteria were preterm birth, missing gestational age, low birth weight (<2.5 kg), abnormal
weight measurement (<3% according to standardized child growth charts), abnormal head
circumference measurement (<3% or >97% according to standardized child growth charts), and
visits without developmental data or without the child's age. Data analysis was performed from
September 2020 to June 2021.

EXPOSURES |In total, 59 milestones in 4 developmental domains were evaluated, and the
achievement rate per child's age was calculated for each milestone.

MAIN OUTCOMES AND MEASURES A contemporary developmental scale, the Tipat Halav Israel
Screening (THIS) Developmental Scale, was built, presenting the 75%, 90%, and 95% achievement
rates for each milestone. The THIS scale was compared with other commonly used screening tests,
including the Denver Developmental Screening Test Il (Denver II), the Alberta Infant Motor Scale
(AIMS), and the Centers for Disease Control and Prevention (CDC) Developmental Assessment.
RESULTS A total of 839 574 children were followed in the maternal child health clinics between
January 2014 and September 2020 in Israel, and 195 616 children were excluded. A total of 3774 517
developmental assessments were performed for the remaining 643 958 children aged O to 6 years
(319 562 female children [49.6%]), resulting in the establishment of new developmental norms. In
terms of the comparable milestones, THIS milestones had a match of 18 of 27 (67%) with the Denver
I, 7 of 7 (100%) with AIMS, and 10 of 19 (53%) with the CDC Developmental Assessment. The
remaining unmatched milestones were achieved earlier in the THIS scale compared with other
screening tools.

(continued)
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Key Points

Question Can accurate developmental
norms for children be determined on
the basis of national developmental
assessments of a multicultural
population?

Findings This cross-sectional,
population-based study analyzed

3774 517 developmental assessments of
643 958 children from birth to age 6
years, conducted by trained nurses in
Maternal Child Health Clinics (known as
Tipat Halav) in Israel. A contemporary
developmental scale, the Tipat Halav
Israel Screening Developmental Scale,
was built accordingly, presenting the
75%. 90%, and 95% achievement rate
for evaluated milestones.

Meaning This developmental scale
based on a diverse population in Israel is
recommended for further evaluation

worldwide.
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Abstract (continued)

CONCLUSIONS AND RELEVANCE The THIS developmental scale is based on the largest population
evaluated to date for developmental performance, representing the heterogeneous, multicultural
population comprising this cohort. It is recommended for further evaluation worldwide.

JAMA Network Open. 2022;5(3):e222184. doi:10.1001/jamanetworkopen.2022.2184

Introduction

According to recent statistics, in the US as many as 1in 4 children from birth to age 5 years are at
moderate or high risk for developmental, behavioral, or social delay." Early detection of delay is
crucial for determining which children require close surveillance and intervention.? Early
intervention has been proven to be critical in optimizing language, cognitive, motor, socioemotional
development, and educational success, alongside prevention of additional future developmental
delay.®™

Because of the importance of early intervention, international health organizations recommend
conducting regular developmental surveillance and screening for all children.'#'6 Tools for
assessing child development are of central importance in allocating resources and making decisions
for the benefit of children with or at risk of developmental delay. Therefore, it is important that the
developmental screening tools will most accurately reflect the natural distribution of developmental
stage timing.

Worldwide, there are multiple developmental screening tools in use.> However, assessment of
developmental milestones lacks strong normative data,’”'® and there are inconsistencies among
different screening tools regarding normative attainment age of commonly evaluated
milestones.'®2922 On the basis of the importance of milestone norms in any developmental
screening tool, the current study aimed to establish milestones of normative timing and build a
developmental scale accordingly. The new scale is based on developmental assessments of children
conducted by trained public health nurses in a nationwide program. The establishment of normal
attainment age of each milestone and the developmental scale built by this process in a multicultural
country, with a diverse population of multiple ethnicities and languages, may further strengthen
other developmental screening or diagnostic tools.

Methods

All methods were performed in accordance with relevant guidelines and regulations. The study
protocol was approved by the Soroka Medical Center institutional review board and was conducted
in accordance to the principles of the Declaration of Helsinki.>*> An exemption of informed consent
was granted by this ethics committee because the data were anonymous. This cross-sectional study
follows the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
reporting guidelines for cross-sectional studies.

Maternal Child Health Clinics

In Israel, universal, free-of-charge pediatric preventive care for children from birth to age 6 years is
provided in maternal child health clinics (MCHCs) known as Tipat Halav ("drop of milk").2° The
objectives of the services provided are prevention of infectious diseases by means of immunization,
early detection of health problems by conducting routine growth, physical, and development
examinations, and health education. Parents are instructed to visit the MCHC after hospital discharge
and thenatages1, 2,4, 6,9, 12,18, 24, 36, 48, and 60 months. Developmental surveillance is
conducted at all of the scheduled routine visits.
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There are approximately 1000 MCHCs distributed throughout the country, managed by the
Ministry of Health (MoH), 2 municipalities (Tel Aviv and Jerusalem), or 1of the 4 Israeli health
maintenance organizations. All clinics work according to the same national care protocols.?* This
study is based on the database of all visits to the clinics run by the MoH, the municipalities, and 1
health maintenance organization (Leumit), all of which use the same electronic medical record. This
group of children represent approximately 70% of the nation’s children in the age group of birth to
6 years.

Developmental Screening and Documentation

One of the standardized protocols of MCHC refers to age-based developmental screening. The
current protocol®
and personal-social. The protocol has adapted milestones from other scales, including the Sally
1727 and Gesell Developmental
Schedule,?® and was developed by an MoH task force consisting of pediatricians, nurses, physical

uses developmental milestones in 4 domains: gross motor, fine motor, language,
Provence Developmental Profile,2® Denver Developmental Scale,

therapists, speech pathologists, occupational therapists, and child psychologists. Description of
these milestones can be found in eTable 1in the Supplement.

Developmental assessment is performed by the MCHC nursing staff at each routine visit from
birth to 6 years. The MCHC nursing staff includes certified public health nurses who are qualified to
assess the child's health, growth, and development. Each nurse has been trained specifically to
conduct the developmental assessment protocol, and their training is evaluated and monitored at
the beginning of their clinical practice. At each visit, a predefined group of age-related milestones is
evaluated, according to the expected development at that age, as described in eTable 1in the
Supplement. However, some of the children arrive to the clinics for developmental assessment at a
later age than expected. In these cases, previous milestones that were not yet evaluated are
examined during the later visit.

The child's performance of each milestone is reported as observed in the clinic. In cases of
objective difficulty in appropriate evaluation, milestone achievements are documented according to
the parent's report. If the evaluated milestone was not achieved by observation or parental report,
it is documented as unachieved. All results are documented within an electronic medical
record (EMR).

Electronic Medical Records

The clinical and demographic data collected by the clinic’s staff (nurses and physicians) are entered
into an EMR system, specially developed for the MCHC. The demographic data contain parent-
reported ethnicity, which is included in this study to emphasize the multicultural and multilingual
nature of this database. The EMR system Machshava Briah (“Healthy Thought")?* is used at the
MCHCs. An anonymized version of the EMR database, with data from 2014 to 2020, was constructed
by the Israel MoH Big Data Department for the current study.

Tipat Halav Israel Screening Developmental Scale Study Cohort

The current study included all children born between January 1, 2014, and September 1, 2020, who
were followed at the MCHCs and who had at least 1developmental evaluation recorded during the
study period. To assess the developmental norms for a healthy, low-risk population, exclusion criteria
were defined to identify children with potential of abnormal development. The exclusion criteria
included preterm birth (gestational age of <37 weeks), low birth weight (<2.5 kg), abnormal weight
measurement (<3% according to standardized child growth charts), abnormal head circumference
measurement (microcephaly [<3%] or macrocephaly [>97%] according to standardized child growth
charts), missing gestational age at delivery, and visits without developmental data or without the
child's age.
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Statistical Analysis

There were 59 developmental milestones, grouped into 9 age groups, as shown in Figure 1. For each
developmental milestone, the first evaluation of the milestone for each child was extracted.
Repeated evaluations that may have been performed for the same milestone were excluded to
analyze a population undergoing initial screening and, thus, to avoid a potential bias toward children
with developmental delays. For example, if a child aged 6 to 9 months had failed to crawl in the first
evaluation and then succeeded at the following visit between the ages of 9 to 12 months, only the
first failed evaluation was included in data analysis. Because the exact timing of the evaluation visits
varied, we grouped children by their age on the date of the milestone evaluation and calculated the
achievement rate for each age range. The time ranges that were used for grouping the children were
1week for young age milestones (birth to 2 years) and 1 month for the older age milestones (2-6
years). Children were considered as achievers of the milestone if they were either observed in the
clinic or reported by their parent to have accomplished the milestone. To determine success rates of
75%, 90%, and 95% of the children for each milestone, the achievement rate was calculated by
dividing the number of achieving children by the total number of children examined at each age
group, resulting in a series of success rates per age group. The final curve of a milestone’s
achievement rate by age (eFigure 1, eFigure 2, eFigure 3, eFigure 4, eFigure 5, eFigure 6, eFigure 7,
eFigure 8, and eFigure 9 in the Supplement) was obtained from this series by averaging adjacent
values using a window of size 5 weeks or 3 months for the early age and older age, respectively. We
applied linear interpolation to increase the temporal resolution of the trends and calculated the ages
at which the success rate surpassed 75%, 90%, and 95% for the first time. To assess potential biases
caused by the timing of the screening, we divided the visit time into quartiles and examined, within
each age, the differences between the children with early and late screening time.

Figure 1. Participant Enrollment Flowchart

839574 All children born from January 1,
2014, to September 1, 2020
4943465 Total developmental visits

81274 Children excluded
—> 63151 Gestational age <37 wk
18123 Missing gestational age

758300 Children born in-term
4464569 Total visits

26255 Children excluded
24068 Birth weight <2.5 kg
—> 2187 Missing birth weight
1757 Visits without development data,
missing age, or duplicates

88087 Children excluded
42381 Any weight percentile <3%
41532 Any head circumference
percentile <3% or >97%
4174 Missing weight or head
circumference measures

643958 Children with 3774517 visits
Age 0 to =3 mo: 582926 children with 715423 visits
Age >3 to <6 mo: 572091 children with 693 336 visits
Age >6 to <9 mo: 542 507 children with 755 866 visits
Age >9 to <12 mo: 412909 children with 620767 visits
Age >12 to <18 mo: 507 791 children with 710752 visits
Age >18 to <24 mo: 436454 children with 643 647 visits
Age >24 to <36 mo: 367 003 children with 443091 visits Overview of the study population, including the
Age >36 to <48 mo: 122237 children with 135055 visits exclusion criteria and total developmental
Age >48 to <72 mo: 28054 children with 29802 visits

assessments at each age group.
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The Tipat Halav Israel Screening (THIS) Developmental Scale was compared with milestone
attainment age of 3 other commonly used developmental tests: the Denver Developmental
Screening Test Il (Denver 1), the Alberta Infant Motor Scale (AIMS), and the Centers for Disease
Control and Prevention (CDC) Developmental Assessment.'>'”-2° Because the exact definition of the
evaluated milestones varies among these scales, we compared specific milestones that bear enough
resemblance among the screening tests. For the THIS developmental scale, Denver Il, and AIMS,
failing to achieve a milestone was defined as not achieving the milestone at an age in which a 90%
success rate was accomplished. For the CDC scale, it was defined as the age at which failure to
achieve a milestone requires further medical evaluation. A meaningful clinical difference in milestone
achievement among screening scales was defined as more than 1 month within the first 6 months of
the child's life, more than 2 months between ages 6 and 12 months, more than 3 months within the
second and third year of life, and more than 6 months at age 3 to 6 years.

Data analysis was performed from September 2020 to June 2021. Data analysis was performed
using Python programming language version 3.6 (Python Software Foundation).

Results

The electronic medical records of 839 574 children who visited the study MCHCs between January
2014 and September 2020 were available for analysis. Preterm children (gestational age <37 weeks;
63151 children), infants with low birth weight (<2.5 kg; 24 068 infants) or missing birth weight (2187
infants), children with abnormal weight measurement (<3% according to standardized child growth
charts; 42 381 children), abnormal head circumference measurement (<3% or >97% according to
standardized child growth charts; 41532 children), and children with missing gestational age (18 123
children) or missing weight or head circumference measures (4174 children) were excluded from the
analysis. Visits without developmental data or with missing age were removed (1757 children). Thus,
195 616 children were excluded. A total of 643 958 children (319 562 female children [49.6%]) with
3774 517 developmental evaluations were included in the analysis (Figure 1). The mean (SD) humber
of developmental evaluation visits per child was 5.9 (2.4) visits.

To assess a potential selection bias, the study cohort was compared with the Israeli population
documented by the Israeli Central Bureau of Statistics.3° The study cohort represents approximately
70% of the children born in Israel within the study period, without meaningful changes throughout
the years 2014 to 2019. The distributions of child’s sex and mother's age in the cohort were similar to
the national statistics, whereas the subpopulation of Arab children was slightly overrepresented
compared with the Jewish population (76%-80% of the Israeli-Arab population vs 59%-68% of the
Israeli-Jewish population).

The main demographic, birth, and maternal characteristics for each age group evaluated are
summarized in the Table. The child population was composed of a nearly equal distribution of male
(324396 children [50.4%]) and female (319 562 children [49.6%]) children. The study cohort
demonstrates the diverse population attending the MCHCs in Israel, with multiple ethnic groups,
including Jewish, Arab, Druze, and others. Most mothers were Israel-born (528 861 mothers [82.1%])
and married (566 747 mothers [88.0%]), whereas maternal education varied, with less than
one-third of the population having an academic degree (195 799 mothers [30.4%]) and
approximately one-quarter having a high school education (171411 mothers [26.6%]).

Comparison of Age Groups

The number of children examined at each of the 9 groups of age-related milestones ranged from
582 926 children at O- to 3-month milestones to 28 054 children at 4- to 6-year milestones. The 9
age groups were defined according to the recommended time for evaluation of the milestones.
Because the visit time varied and children who were not evaluated during the recommended time
frame were evaluated later, during their actual visit, we performed a sensitivity analysis in which
within each group of milestones we examined potential differences between the children with early
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and late screening time. As presented in eTable 2, eTable 3, eTable 4, eTable 5, eTable 6, eTable 7,
eTable 8, eTable 9, and eTable 10 in the Supplement, some minor differences were observed;
however, these differences do not appear to have clear clinical importance.

High parental compliance with MCHC visits was observed at early ages when visits include
vaccine administration, as described in the Table. A comparison between the populations examined
at age O to 3 years and 3 to 6 years, presented in eTable 11in the Supplement, showed some minor
differences between these groups. The main difference was the lower percentage of Jewish children
in the older age group (72 830 children [54.2%] in the older age group vs 392 621 children [61.0%]
in the younger age group). This is consistent with the greater overall compliance of the Jewish
population in Israel with preventative health programs, which is also evidenced by their routine
immunization coverage rates.>' In addition, the mother's education level was lower in the older

age group.

Establishment of Milestone Norms and Building the THIS Developmental Scale

The curves of success rate by age for each milestone are presented in eFigure 1, eFigure 2, eFigure 3,
eFigure 4, eFigure 5, eFigure 6, eFigure 7, eFigure 8, and eFigure 9 in the Supplement. For 18 of the
59 milestones evaluated, the achievement rate already exceeded 95% at the earliest screening time.
Thus, the 95% achievement rate might have been reached at an earlier age. For 3 of the milestones,
success rates did not exceed 95%; therefore, they were evaluated up to an achievement rate of 90%
to 95%.

Because achievement of a milestone was defined as either clinical observation or parental
report (in cases where observation was impossible), we compared this definition with the alternative
of defining achievement only by clinical observation. The overall percentage of milestone
achievement reported by parents (of all achieved milestones) was 8.7%. Per milestone, the mean
(SD) percentage was 9.3% (10.3%) (median [IQR], 5.7% [2.3%-11.55%]). As shown in eFigure 10 in
the Supplement, there is good overall agreement between the 2 percentages. Differences were
observed in individual tasks related to language expression assessment and daily functions, such as
getting dressed independently, which are difficult to assess in the clinical setting. The thresholds of
95% milestone achievement when including the parental report preceded those obtained using
clinical observation alone by a mean (SD) of 2.0 (4.4) weeks (median [IQR] difference, 0.6 [0.2-1.2]
weeks). Figure 2 presents the final THIS developmental scale, including all evaluated milestones, the
ages at which they were screened, and the observed success rate per task.

Comparison Between THIS Developmental Scale and Milestone Norms

of Other Screening Tools

The THIS Developmental Scale was compared with milestones norms of 3 other commonly used
developmental tests: Denver II, AIMS, and the CDC Developmental Assessment.'>"”2° Figure 3
presents a comparison of the equivalent milestones from the 4 scales, demonstrating a match of 18
of 27 milestones (67%) with the Denver Il scale, 7 of 7 (100%) with the AIMS scale, and 10 of 19 (53%)
with the CDC Developmental Assessment. The remaining unmatched milestones were achieved

earlier in the THIS scale compared with the other screening tools.'>172°

Discussion

This cross-sectional study describes the establishment of milestones norms and building of THIS, an
evidence-based developmental scale from birth to the age of 6 years. Updated performance norms
were established according to a large national database of standardized developmental milestone
assessments in the domains of gross motor, fine motor, language, and social skills. The THIS
developmental scale represents the heterogeneous population comprising this cohort.

To the best of our knowledge, the current study is based on the largest population evaluated for
developmental performance to date, including approximately 3.8 million evaluations conducted over
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Figure 2. Tipat Halav Israel Screening Developmental Scale

Developmental domain Achievement rate
I Personal-social [] Language [ ] Gross motor [ | Finemotor | | [ |<75% [ ]75%-90% [ 90%-95% [ >95%

Milestone/age (mo)

012 3 456 7 8 91011121314151617 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Visually follows a moving object horizontally

Smiles responsively
Raises head
Visually follows a moving object vertically

Hands together, manipulates fingers

Grasps an object

Head and chest up in prone position

Transfers an object from one hand to the other

Rolls over from abdomen to back and back to abdomen
Taps 2 objects playfully
Crawls

Vocalizes in a dialogue
Responds when addressed by name
Responds differently to familiar and stranger
Feeds self

Uses thumb-fingers grasp

| Getstositwithoutsupport [ L1 L [ RO [ [ [ [ [ [ [T [P [[]

Makes eye contact and expresses reciprocity during joint game

| Walkswithassistance | | [ [ [ [ ] ][ [ [ ]|
Pulls to stand T

Climbs upstairs with assistance
Walks without assistance
Eats independently with a spoon

||
| Buildsatowerofcubes [ | [ | ] |1 [ [ [ [ [ []

Squeezes and sticks out lips to give a kiss

Milestone/age (y)

2 25 3 35 4 4.5 5 5.5 6

24 25 26 27 28 29 30 31 32 33 34 35 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72
[ Runs well without falling 1 A A
Climbs up and down the stairs without an adult’s assistance
Squeezes and sticks out lips to give a kiss

Participates in a dialogue

Imitates horizontal, vertical, and circle lines --------------------
Jumps from a stair .,

Puts on shoes and dresses independently withou
Imitates patterns (+) and copies circles
Stands up on 1 leg for 3 seconds

Plays with peer group
Dresses independently

Jumps on 1 leg
Walks heel to toe

Draws a human figure
Copies geometrical shapes such as X and triangle \

The rows represent the evaluated milestones, the columns represent the age by month (top panel) and year (bottom panel). Each milestone is colored according to the relevant field,
as shown in the key (fine motor, gross motor, personal-social, and language). For each milestone the success rate is shown, each indicating a success threshold of less than 75% to
90%. 90% to 95%, and greater than 95%. For example, the milestone “vocalizes in response to human voice” is achieved by less than 75% of children at the age of O months, 75% to
90% of children at the age of 1 month, and more than 95% of children at the age of 2 months.

[5 JAMA Network Open. 2022;5(3):€222184. doi:10.1001/jamanetworkopen.2022.2184 March 14,2022  9/14

Downloaded from jamanetwork.com by Ben Gurion Univ of the Negev user on 12/24/2023



JAMA Network Open | Pediatrics Standardization of a Developmental Milestone Scale Using Data From Children in Israel

Figure 3. Comparison of Developmental Milestones Between Different Screening Tools

@ Personal-social

Dresses independently o ¢ ® THIS
Plays with peer group | m CDC
Puts on shoes and dresses independently without buttoning [ ] A AIMS
Eats independently with a spoon [ ] 4 DENVER
Makes eye contact and expresses reciprocity during joint game [

Smiles responsively (@

0 10 20 30 40 50 60 70 80
Age, mo

Language

Uses correct verbs and tense to describe a picture )
Understandable speech e
Understands actions and speech without gesture [ ]
Composes a sentence of at least 2 words e
Says 2-3 words [ 4
Points at familiar objects to request ue
Says 1 word or pronounces meaningful sounds ( 2]
Understands simple instructions °
Makes repetitive syllables-constant or vowels ]
Makes various sounds including constants (ah-goo) | @&
Vocalizes in response to human voice (4

0 10 20 30 40 50 60 70 80
Age, mo
Gross motor
Walks heel to toe [ ]
Jumpson1leg ‘0
Standsupon1legfor3s )
Walks without assistance [ ]
Walks with assistance [N
Pulls to stand F 1J
Gets to sit without support 20

Crawls [\

Rolls over from abdomen to back and back to abdomen L\
Head and chest up in prone position | 4

[ ]

Raises head
T T T T T T T 1
0 10 20 30 40 50 60 70 80
Age, mo
[D] Fine motor
Copies geometrical shapes such as X and triangle )
Draws a human figure ¢ onm
Imitates patterns (+) and copies circles ()
Builds a tower of cubes [ X 2
Uses thumb-fingers grasp [ 2
Taps 2 objects playfully [
Transfers an object from 1 hand to the other )
Grasps an object | @
Hands together, manipulates fingers | 4@
Visually follows a moving object vertically | @

Visually follows a moving object horizontallyr

0 10 20 30 40 50 60 70 80
Age, mo

Graphs show comparisons of the milestones at each field (personal-social, language, fine, ~ Denver Developmental Screening Test Il [Denver]). The orange symbols represent
and gross motor), between the Tipat Halav Israel Screening (THIS) developmental scale milestones with clinically meaningful differences in achievement age between the
and the different commonly used screening tools (Centers for Disease Control and different screening tools.

Prevention [CDC] Developmental Assessment, Alberta Infant Motor Scale [AIMS], and
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a period of 6 years. Because Israel is a multicultural country, with a diverse population of multiple
ethnicities and languages, we can use our representative data set to define subpopulations of
interest, thereby enabling adapting of the scale for specific populations of interest.

The THIS developmental scale currently enables evaluation of milestone attainment age and
comparison with the population norms, allowing early identification of potential delay and further
guidance, surveillance, and in-depth evaluation when needed. In Israel, the standardized MoH
protocol for MCHCs has been updated to reflect the findings of the current study. Further monitoring
and fine-tuning of the updated scale, as well as validating THIS developmental scale performance as
a screening tool for early detection of developmental delay, will be performed and made accessible
for public use.

The THIS developmental scale was compared with milestone attainment ages for 3 commonly
used developmental tests.”>2° The Denver II'” is widely performed by health care practitioners
globally to identify children up to age 6 years with developmental problems, in low-risk populations.
Denver Il norms were established using data collected in 1988 to 1989. Among the 27 milestones
that were comparable between THIS and Denver Il, 18 were achieved during a similar time frame, and
9 were achieved earlier in the THIS developmental scale. The main discrepancies found were in fine
motor skills, with mismatch of 5 milestones, alongside 2 discrepant milestones in each of gross motor
and language tasks. It is yet to be determined whether these differences originate from nuances of
the milestone evaluation method or from cultural disparities.

The AIMS?° is an observational assessment scale, constructed to specifically measure gross
motor maturation in infants from birth through 18 months. It enables evaluation of motor
developmental delay among high-risk populations. AIMS norms were established using data
collected between 1989 and 1992. All 7 comparable milestones were achieved during a similar time
frame in the THIS scale.

The THIS scale, Denver Il, and AIMS all involve comprehensive evaluation based on
developmental testing, structured observations, and interviews with the child's parents, which
require substantial resources of time and staff. In contrast, the CDC Developmental Assessment'®
comprises a brief checklist of social, language, fine motor, and gross motor age-related milestones
completed by the parents, alongside a list of alert signs—that is, milestones that require further
medical evaluation if not accomplished by a certain age. The CDC data were collected between 2004
and 2008. Because using brief questionnaires is easier and more feasible for worldwide use, the THIS
scale was also compared with the CDC Developmental Assessment. Because the CDC Developmental
Assessment differs from the Denver Il and AIMS by not providing the exact age in which 90% of
children fail to achieve each milestone, the comparison may hold some discrepancies. Of 19
milestones that were comparable to THIS, only 10 were achieved during a similar time frame,
whereas 9 were achieved earlier in the THIS developmental scale. Because only 53% of the
comparable milestones were achieved during a similar time frame, the CDC Developmental
Assessment might require further fine-tuning. Earlier studies demonstrated inconsistency between
the CDC Developmental Assessment and other screening tools,'® which is in agreement with our
findings. The observed changes between the various scales might be attributed to several factors,
such as possible differences of the populations characteristics, the exact manner in which the
milestones were evaluated, and the gap of 15 to 30 years between the contemporary data presented
in this study and the other tools.

Further study is required to examine the efficacy of the THIS developmental scale in screening
low-risk populations for developmental delays. Furthermore, it is essential to evaluate the effect of
demographic variables, such as cultural ones, maternal education, socioeconomic status, or sex, on
the success rate of the milestones, to enable a better culture-adjusted and personalized
developmental evaluation.
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Limitations

Our study has several limitations. First, the primary objective of this study was to standardize
developmental norms for a healthy population. However, the EMRs on which this study is based do
not include data regarding genetic syndromes or other congenital anomalies that may result in
developmental delay. We have minimized the influence of this gap by excluding children with
abnormal developmental potential, including preterm infants, those with low birth weight, and those
with abnormal weight or head circumference measurements, which may reflect factors associated
with the risk of developmental delay. Second, among 59 evaluated milestones, 18 had already
exceeded 95% success rates during initial assessment. This gap may indicate that these milestones
are normally achieved at an earlier age; however, because they were not screened for earlier, we lack
these normative data. Third, although the new THIS developmental scale includes milestones that
are evaluated at Israeli MCHCs, many additional, potentially important, milestones were excluded
because of the technical difficulty of performing wide developmental screening assessments to the
entire children population regularly. An effort was made to include a balanced set of milestones,
representing 4 developmental domains at each age group.

Conclusions

The current study describes the validation and establishment of new milestones norms, composing
the THIS developmental scale, an evidence-based developmental scale from birth to the age of 6
years. The THIS developmental scale is based on the largest population evaluated to date for
developmental performance, representing the heterogeneous, multicultural population comprising
this cohort. It is recommended for further evaluation worldwide.

ARTICLE INFORMATION
Accepted for Publication: January 11, 2022.

Published: March 14, 2022. doi:10.1001/jamanetworkopen.2022.2184

Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2022 Sudry T
et al. JAMA Network Open.

Corresponding Author: Yair Sadaka, MD, PhD, MHA, Neuro-Developmental Research Center, Mental Health
Institute, Hatzadik Meyerushalim 2, Be'er-Sheva 8461144, Israel (yair.sadaka@gmail.com).

Author Affiliations: Neuro-Developmental Research Center, Mental Health Institute, Be'er-Sheva, Israel (Sudry,
Freedman, Sadaka); KI Research Institute, Kfar Malal, Israel (Sudry, Amit, Akiva, Sadaka); Public Health Services,
Israel Ministry of Health, Jerusalem, Israel (Zimmerman, Joseph, Baruch); Department of Child Development and
Rehabilitation, Israel Ministry of Health, Jerusalem, Israel (Yardeni); School of Public Health, Faculty of Health
Sciences, Ben-Gurion University of the Negev, Be'er-Sheva, Israel (Grotto); Department of Health Policy and
Management, School of Public Health, Faculty of Health Sciences, Ben-Gurion University of the Negev, Be'er-
Sheva, Israel (Greenberg, Lior Sadaka); TIMNA Initiative, Big Data Platform, Israel Ministry of Health, Jerusalem,
Israel (Eilenberg, Tsadok, Rize, Zaworbach, Uziel, Ben Moshe); Department of Computer Science, Ben-Gurion
University of the Negev, Be'er-Sheva, Israel (Bachmat); Faculty of Health Sciences, Ben-Gurion University of the
Negev, Be'er-Sheva, Israel (Sadaka).

Author Contributions: Drs Amit and Sadaka had full access to all of the data in the study and take responsibility for
the integrity of the data and the accuracy of the data analysis.

Concept and design: Sudry, Zimmerman, Yardeni, Baruch, Grotto, Greenberg, Akiva, Tsadok, Zaworbach, Uziel,
Bachmat, Freedman, Sadaka.

Acquisition, analysis, or interpretation of data: Sudry, Zimmerman, Joseph, Grotto, Eilenberg, Amit, Akiva, Tsadok,
Rize, Zaworbach, Uziel, Ben Moshe, Lior Sadaka, Sadaka.

Drafting of the manuscript: Sudry, Zimmerman, Yardeni, Joseph, Baruch, Amit, Akiva, Rize, Zaworbach, Ben
Moshe, Freedman, Sadaka.

Critical revision of the manuscript for important intellectual content: Sudry, Zimmerman, Yardeni, Grotto,
Greenberg, Eilenberg, Amit, Tsadok, Uziel, Lior Sadaka, Bachmat, Sadaka.

[5 JAMA Network Open. 2022;5(3):e222184. doi:10.1001/jamanetworkopen.2022.2184 March 14,2022 12/14

Downloaded from jamanetwork.com by Ben Gurion Univ of the Negev user on 12/24/2023


https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2022.2184&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.2184
https://jamanetwork.com/pages/cc-by-license-permissions/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.2184
mailto:yair.sadaka@gmail.com

JAMA Network Open | Pediatrics Standardization of a Developmental Milestone Scale Using Data From Children in Israel

Statistical analysis: Eilenberg, Amit, Tsadok, Rize, Zaworbach, Uziel, Ben Moshe.

Administrative, technical, or material support: Sudry, Zimmerman, Yardeni, Baruch, Uziel, Ben Moshe, Bachmat.
Supervision: Sudry, Yardeni, Joseph, Grotto, Akiva, Tsadok, Uziel, Ben Moshe, Bachmat, Sadaka.

Conflict of Interest Disclosures: None reported.

Additional Contributions: We thank all public health nurses and physicians from the maternal child health clinics
for their dedication, hard work, and meticulous data registration, which enabled the planning and execution of
this study. Nesia Cohen, BCS (Computer and Information Division of the Ministry of Health), and the Machshava
Briah (Healthy Thought) development team assisted in data accessibility and in solving problems that arose during
the work on the database. They were not compensated for this work beyond their normal salaries.

Additional Information: A printable PDF version of the THIS developmental is available at https://www.eng.
linkcaring.com/developmental-scale.

REFERENCES

1. US Department of Health and Human Services. Birth to 5: watch me thrive! a compendium of screening
measures for young children. Updated July 16, 2018. Accessed February 8, 2022. https://eclkc.ohs.acf.hhs.gov/
publication/birth-5-watch-me-thrive-compendium-screening-measures-young-children

2. Guevara JP, Gerdes M, Localio R, et al. Effectiveness of developmental screening in an urban setting. Pediatrics.
2013;131(1):30-37. doi:10.1542/peds.2012-0765

3. Lipkin PH, Macias MM; Council on Children With Disabilities, Section on Developmental and Behavioral Pediatrics.
Promoting optimal development: identifying infants and young children with developmental disorders through de-
velopmental surveillance and screening. Pediatrics. 2020;145(1):e20193449. doi:10.1542/peds.2019-3449

4. Hirai AH, Kogan MD, Kandasamy V, Reuland C, Bethell C. Prevalence and variation of developmental screening
and surveillance in early childhood. JAMA Pediatr. 2018;172(9):857-866. doi:10.1001/jamapediatrics.2018.1524

5. Barger B, Rice C, Wolf R, Roach A. Better together: developmental screening and monitoring best identify
children who need early intervention. Disabil Health J. 2018;11(3):420-426. doi:10.1016/j.dhjo.2018.01.002

6. Reichow B, Barton EE, Boyd BA, Hume K. Early intensive behavioral intervention (EIBI) for young children with
autism spectrum disorders (ASD). Cochrane Database Syst Rev. 2012;10:CD009260. doi:10.1002/14651858.
CD009260.pub2

7. ScharfRJ, Scharf GJ, Stroustrup A. Developmental milestones. Pediatr Rev. 2016;37(1):25-37. doi:10.1542/pir.
2014-0103

8. Law J, Garrett Z, Nye C. Speech and language therapy interventions for children with primary speech and language
delay or disorder. Cochrane Database Syst Rev. 2003;2003(3):CD004110. doi:10.1002/14651858.CDO04110

9. Majnemer A. Benefits of early intervention for children with developmental disabilities. Semin Pediatr Neurol.
1998;5(1):62-69. doi:10.1016/51071-9091(98)80020-X

10. Gomby DS, Larner MB, Stevenson CS, Lewit EM, Behrman RE. Long-term outcomes of early childhood
programs: analysis and recommendations. Future Child. 1995;5(3):6-24. doi:10.2307/1602365

11. Ramey CT, Ramey SL. Which children benefit the most from early intervention? Pediatrics. 1994;94(6, pt 2):
1064-1066.

12. Scherzer AL, Mike V, llson J. Physical therapy as a determinant of change in the cerebral palsied infant.
Pediatrics. 1976;58(1):47-52. doi:10.1542/peds.58.1.47

13. Sharkey MA, Palitz ME, Reece LF, et al. The effect of early referral and intervention on the developmentally
disabled infant: evaluation at 18 months of age. J Am Board Fam Pract. 1990;3(3):163-170.

14. Council on Children With Disabilities; Section on Developmental Behavioral Pediatrics; Bright Futures Steering
Committee; Medical Home Initiatives for Children With Special Needs Project Advisory Committee. Identifying
infants and young children with developmental disorders in the medical home: an algorithm for developmental
surveillance and screening. Pediatrics. 2006;118(1):405-420. doi:10.1542/peds.2006-1231

15. Centers for Disease Control and Prevention. Learn the signs: act early. Updated February 16, 2021. Accessed
May 16, 2020. https://www.cdc.gov/ncbddd/actearly/index.html

16. American Academy of Pediatrics. Bright futures, 3rd ed. October 2007. Accessed June 20, 2020. https://
ebooks.aappublications.org/content/bright-futures-3rd-edition

17. Frankenburg WK, Dodds J, Archer P, Shapiro H, Bresnick B. The Denver II: a major revision and restandardization
of the Denver Developmental Screening Test. Pediatrics. 1992;89(1):91-97. doi:10.1542/peds.89.1.91

18. Sheldrick RC, Schlichting LE, Berger B, et al. Establishing new norms for developmental milestones. Pediatrics.
2019;144(6):€20190374. doi:10.1542/peds.2019-0374

[5 JAMA Network Open. 2022;5(3):e222184. doi:10.1001/jamanetworkopen.2022.2184 March 14,2022 13/14

Downloaded from jamanetwork.com by Ben Gurion Univ of the Negev user on 12/24/2023


https://urldefense.com/v3/__https:/www.eng.linkcaring.com/developmental-scale__;!!AI0rnoUB!pzcnr8BtixwA4mZhIXMaovy50s3QqpRURudtYabbIcbFs6jYbqj1wRzqdwoGniOGfEEULCXx2Q$
https://urldefense.com/v3/__https:/www.eng.linkcaring.com/developmental-scale__;!!AI0rnoUB!pzcnr8BtixwA4mZhIXMaovy50s3QqpRURudtYabbIcbFs6jYbqj1wRzqdwoGniOGfEEULCXx2Q$
https://eclkc.ohs.acf.hhs.gov/publication/birth-5-watch-me-thrive-compendium-screening-measures-young-children
https://eclkc.ohs.acf.hhs.gov/publication/birth-5-watch-me-thrive-compendium-screening-measures-young-children
https://dx.doi.org/10.1542/peds.2012-0765
https://dx.doi.org/10.1542/peds.2019-3449
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamapediatrics.2018.1524&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.2184
https://dx.doi.org/10.1016/j.dhjo.2018.01.002
https://dx.doi.org/10.1002/14651858.CD009260.pub2
https://dx.doi.org/10.1002/14651858.CD009260.pub2
https://dx.doi.org/10.1542/pir.2014-0103
https://dx.doi.org/10.1542/pir.2014-0103
https://dx.doi.org/10.1002/14651858.CD004110
https://dx.doi.org/10.1016/S1071-9091(98)80020-X
https://dx.doi.org/10.2307/1602365
https://www.ncbi.nlm.nih.gov/pubmed/7526330
https://www.ncbi.nlm.nih.gov/pubmed/7526330
https://dx.doi.org/10.1542/peds.58.1.47
https://www.ncbi.nlm.nih.gov/pubmed/1696058
https://dx.doi.org/10.1542/peds.2006-1231
https://www.cdc.gov/ncbddd/actearly/index.html
https://ebooks.aappublications.org/content/bright-futures-3rd-edition
https://ebooks.aappublications.org/content/bright-futures-3rd-edition
https://dx.doi.org/10.1542/peds.89.1.91
https://dx.doi.org/10.1542/peds.2019-0374

JAMA Network Open | Pediatrics Standardization of a Developmental Milestone Scale Using Data From Children in Israel

19. Perrin EC, Sheldrick RC. The survey of well-being of young children (SWYC). Tufts Children’s Hospital. Accessed
February 10, 2022. https://www.tuftschildrenshospital.org/The-Survey-of-Wellbeing-of-Young-Children/Parts-of-
the-SWYC.aspx

20. Drotar D, Stancin T, Dworkin PH, Sices L, Wood S. Selecting developmental surveillance and screening tools.
Pediatr Rev. 2008;29(10):e52-e58. doi:10.1542/pir.29.10.e52

21. Dworkin P, Stancin T, Drotar D. Pediatric developmental screening: understanding and selecting screening
instruments. February 1, 2008. Accessed February 10, 2022. https://www.semanticscholar.org/paper/Pediatric-
Developmental-Screening%3A-Understanding-Dworkin-Stancin/96
cfb840093c66961d461aebae8fd8784250681a

22. Warren R, Kenny M, Bennett T, et al. Screening and treatment for developmental delay in early childhood (ages
1-4): systematic review. CMAJ Open. 2016;4(1):E20-E27. doi:10.9778/cmajo.20140121

23. World Medical Association. World Medical Association Declaration of Helsinki: ethical principles for medical
research involving human subjects. JAMA. 2013;310(20):2191-2194. doi:10.1001/jama.2013.281053

24. Zimmerman DR, Verbov G, Edelstein N, Stein-Zamir C. Preventive health services for young children in Israel:
historical development and current challenges. Isr J Health Policy Res. 2019;8(1):23. doi:10.1186/513584-019-
0287-7

25. Israeli Ministry of Heath. Protocol for developmental assessment of infants and toddlers up to the age of six
years [in Hebrew]. 2016. Accessed February 10, 2022. https://www.health.gov.il/hozer/bz12_2016.pdf

26. IDA Institute. IDA and the Provence profile efficient early assessment. Accessed February 10, 2022. https://
www.ida-institute.org/assets/ida-and-the-provence-profile-efficient-early-assessment.pdf

27. Frankenburg WK, Dodds JB. The Denver developmental screening test. J Pediatr. 1967;71(2):181-191. doi:10.
1016/50022-3476(67)80070-2

28. Ball RS. The Gesell developmental schedules: Arnold Gesell (1880-1961). J Abnorm Child Psychol. 1977;5(3):
233-239. doi:10.1007/BFO0913694

29. Piper MC, Pinnell LE, Darrah J, Maguire T, Byrne PJ. Construction and validation of the Alberta Infant Motor
Scale (AIMS). Can J Public Health.1992;83(2)(suppl):546-S50.

30. Israel Central Bureau of Statistics. Live births. Accessed July 8, 2021. https://www.cbs.gov.il/en/subjects/Pages/
Live-Births.aspx

31. Amit Aharon A, Nehama H, Rishpon S, Baron-Epel O. Different reasons for not completing routine vaccinations
among Jewish and Arab children in Israel. J Racial Ethn Health Disparities. 2020;7(2):298-304. doi:10.1007/
s40615-019-00658-w

SUPPLEMENT.

eFigure 1. Task Performance Results Over Time at the Age 0-3 Months

eFigure 2. Task Performance Results Over Time at the Age 3-6 Months

eFigure 3. Task Performance Results Over Time at the Age 6-9 Months

eFigure 4. Task Performance Results Over Time at the Age 9-12 Months

eFigure 5. Task Performance Results Over Time at the Age 12-18 Months

eFigure 6. Task Performance Results Over Time at the Age 18-24 Months

eFigure 7. Task Performance Results Over Time at the Age 2-3 Years (24-36 Months)

eFigure 8. Task Performance Results Over Time at the Age 3-4 Years (36-48 Months)

eFigure 9. Task Performance Results Over Time at the Age 4-6 Years (48-72 Months)

eFigure 10. Comparison of Milestone Achievement Threshold by Clinical Observation and Parental Report Versus
Clinical Observation Alone

eTable 1. Israeli Ministry of Health: A Guide to Performing Developmental Assessments for Infants and Toddlers
From Birth up to the Age of Six Years

eTable 2. Population Analysis of Children Evaluated at Each Visit at the Age 0-3 Months

eTable 3. Population Analysis of Children Evaluated at Each Visit at the Age 3-6 Months

eTable 4. Population Analysis of Children Evaluated at Each Visit at the Age 6-9 Months

eTable 5. Population Analysis of Children Evaluated at Each Visit at the Age 9-12 Months

eTable 6. Population Analysis of Children Evaluated at Each Visit at the Age 12-18 Months

eTable 7. Population Analysis of Children Evaluated at Each Visit at the Age 18-24 Months

eTable 8. Population Analysis of Children Evaluated at Each Visit at the Age 2-3 Years (24-36 Months)

eTable 9. Population Analysis of Children Evaluated at Each Visit at the Age 3-4 Years (36-48 Months)
eTable 10. Population Analysis of Children Evaluated at Each Visit at the Age 4-6 Years (48-72 Months)
eTable 11. Comparison of the Characteristics of Evaluated Children Between the Ages O-3 Years and 3-6 Years

[5 JAMA Network Open. 2022;5(3):e222184. doi:10.1001/jamanetworkopen.2022.2184 March 14,2022 1414

Downloaded from jamanetwork.com by Ben Gurion Univ of the Negev user on 12/24/2023


https://www.tuftschildrenshospital.org/The-Survey-of-Wellbeing-of-Young-Children/Parts-of-the-SWYC.aspx
https://www.tuftschildrenshospital.org/The-Survey-of-Wellbeing-of-Young-Children/Parts-of-the-SWYC.aspx
https://dx.doi.org/10.1542/pir.29.10.e52
https://www.semanticscholar.org/paper/Pediatric-Developmental-Screening%3A-Understanding-Dworkin-Stancin/96cfb840093c66961d461aebae8fd8784250681a
https://www.semanticscholar.org/paper/Pediatric-Developmental-Screening%3A-Understanding-Dworkin-Stancin/96cfb840093c66961d461aebae8fd8784250681a
https://www.semanticscholar.org/paper/Pediatric-Developmental-Screening%3A-Understanding-Dworkin-Stancin/96cfb840093c66961d461aebae8fd8784250681a
https://dx.doi.org/10.9778/cmajo.20140121
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2013.281053&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.2184
https://dx.doi.org/10.1186/s13584-019-0287-7
https://dx.doi.org/10.1186/s13584-019-0287-7
https://www.health.gov.il/hozer/bz12_2016.pdf
https://www.ida-institute.org/assets/ida-and-the-provence-profile-efficient-early-assessment.pdf
https://www.ida-institute.org/assets/ida-and-the-provence-profile-efficient-early-assessment.pdf
https://dx.doi.org/10.1016/S0022-3476(67)80070-2
https://dx.doi.org/10.1016/S0022-3476(67)80070-2
https://dx.doi.org/10.1007/BF00913694
https://www.ncbi.nlm.nih.gov/pubmed/1468050
https://www.cbs.gov.il/en/subjects/Pages/Live-Births.aspx
https://www.cbs.gov.il/en/subjects/Pages/Live-Births.aspx
https://dx.doi.org/10.1007/s40615-019-00658-w
https://dx.doi.org/10.1007/s40615-019-00658-w

