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Abstract

Background The early years of children’s lives are critical for their healthy development. Although children’s growth
and development rates may vary, a significant delay during early childhood could indicate a medical or a devel-
opmental disorder. Developmental surveillance is used worldwide by healthcare providers in routine encounters,

as well as by educators and parents, to elicit concerns about child development. In this work, we used a national
dataset of developmental assessments to describe temporal trends of milestone attainment rates and associations
between milestone attainment and various sociodemographic factors.

Methods The study included 1,002,700 children ages birth until 6 years with 4,441,689 developmental visits
between the years 2016 and 2020. We used the Israeli developmental scale to assess the annual rates of failure

to attain language, social and motoric milestones by the entire population, as well as by subgroups stratified by soci-
odemographic factors. In addition, we evaluated the rates of parental concern for child development and of the
nurse’s report of development inadequate for age. We used multivariable logistic regression to analyze the impact
of different sociodemographic factors on the odds of failure to attain milestones, while controlling for confounding.

Results Milestone failure rates progressively increased over the examined years in all developmental domains,

and most prominently in the language domain. Conversely, the rates of parental concern for developmental delay
remained constant. In multivariable analysis, higher risk of milestone attainment failure was observed in children
whose mothers were divorced, unemployed, immigrant, had lower education, of Bedouin origin or were over 40 years
old when giving birth.

Conclusions This report describes national trends of child development in the gross motor, fine motor, language,
and social domains. A periodic report of these trends should be published to objectively evaluate subgroups in need
for intervention, and to assess the effectiveness of intervention programs in attempt to maximize the developmental
potential of children in Israel.
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Background

Early childhood is considered an important period in
the process of child development. According to recent
studies, there has been a substantial increase in risk for
growth and developmental delay over the last decade
[1-3]. Although children’s growth and development rate
may vary, a significant delay could indicate a medical or
a developmental disorder. Early intervention has been
proven to be critical in promoting language, cognitive,
motor, socioemotional development, and educational
success, alongside prevention of additional future devel-
opmental delays [4-11].

Developmental surveillance, based on milestone attain-
ment, is used worldwide by pediatricians and healthcare
providers during routine encounters, as well as by parents
and educators to raise concern about child development.

The importance of developmental surveillance tools
was recently stressed by the Centers for Disease Control
and Prevention (CDC). In partnership with the Ameri-
can Academy of Pediatrics (AAP) they convened a panel
of subject matter experts to identify a set of evidence-
informed milestones for revision of the Learn the Signs
and Act Early materials. These materials are commonly
used for the practice of developmental surveillance [12].

Maternal child health clinics (MCHCs) are known in
Israel as “Tipat Halav” (“drop of milk”) [13]. These free-
of-charge clinics provide preventive care for children
aged from birth until 6 years. Parents are advised to
visit the MCHC about a week after hospital discharge,
and then at the age of 2, 4, 6, 9, 12, 18, 24, 36, 48 and
60 months [14]. In each MCHC visit, the child undergoes
routine growth, physical and developmental evaluation
by trained public health nurses, along with immunization
according to the national immunization schedule.

Sociodemographic factors have been previously asso-
ciated with developmental delay. Socioeconomic status
[15-17], maternal age at time of child’s birth [15, 16],
sex of child [17], maternal marital status [16, 18], cogni-
tive stimulation of the child [18, 19] and the child’s birth
order within the family [16] have been reported as being
risk factors for developmental delay.

In this work, we use a national dataset to examine tem-
poral trends and associations between different sociode-
mographic factors and milestone attainment rates.

Objective evaluation of the temporal trends in mile-
stone attainment failure rates and its relations to sociode-
mographic factors may contribute to the understanding
of social patterns in children’s healthcare. Furthermore, it
may provide data-driven insights to stakeholders, assist-
ing them to focus their efforts on specific subpopulations
in need. If updated annually, this analysis may also be
used to evaluate the effects of intervention programs.
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Methods

Study population

The study population consists of all children visiting
MCHCs between January 1st, 2016 and December 31st,
2020, including preterm children.

Maternal child health clinics

All MCHCs are conducted according to Ministry of
Health (MOH) national protocols [14]. The dataset used
in this study contained an anonymized version of all data
collected between 2016 and 2020 during visits to approx-
imately 1000 MCHC:s. These clinics are operated by the
MOH, two municipalities (Jerusalem and Tel Aviv) and
one health maintenance organization (Leumit), all of
which use a designated electronic medical record (EMR)
system named “Machshava Briah” (“Healthy Thought”)
[14]. The database covers approximately 70% of the chil-
dren from infancy to the age of 6 years, living in Israel
[20]. It was previously utilized to construct population
norms, referred as the Tipat Halav Israel Developmen-
tal Surveillance (THIS) Scale, based on over 3.7 million
assessments of over 640 thousand children [20].

Measured developmental outcomes

Threshold ages for each milestone were defined in
accordance with THIS developmental scale [20]. For each
developmental domain we calculated the percentage of
children who failed to attain at least one milestone in
a given year, where “Failure” was defined as inability to
attain a milestone at an age equal to or greater than the
THIS 95% threshold age.

In addition, we computed the proportion of children
whose parents expressed concern regarding their devel-
opment during the developmental evaluation in the
MCHC, and the proportion of children whose develop-
mental status was reported by the MCHC nurse as “inad-
equate for age”.

The following maternal factors were extracted: educa-
tion, ethnic group, birth country, employment status,
marital status and age at delivery (Table 1). In addition,
we used the child’s age at milestone evaluation and the
child’s sex. In some variables values were grouped, due to
small numbers.

Statistical analysis

We report the annual percentage of children with the
outcome overall, and stratified by sociodemographic
factors, along with 95% confidence intervals for pro-
portions. This data is presented nationally as well as in
geographical sub-division. Missing values in categorical
socio-demographic variables were handled as a distinct
category.
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Table 1 Study population characteristics by year. In the religion variable, mothers whose origin was reported “Circassian’, “Other

Muslim’, “Other Christian’,“Unknown” or “Other” were all sub-grouped as “Other”

Total number of children

2016 2017 2018 2019 2020
n 422,534 439,369 456,681 455,942 394,236
Maternal education, n (%) Elementary 9530 9715 9784 9842 8107
High School 117,661 121,669 125,123 122,749 104,013
Tertiary Education 35,500 38,634 42,597 45,359 42,425
Academic 124,969 133,136 140,590 142,639 123,922
Missing 134,874 136,215 138,587 135,353 115,769
Ethnic group, n (%) Christian Arab 6241 6391 6545 6375 5374
Druze 8621 9012 9180 9129 7547
Jewish 248,900 257,901 266,650 269,929 237,924
Muslim Arab 94,202 99,691 102,199 99,663 84,921
Muslim Bedouin 1177 1917 3735 6202 7996
Other 9437 9730 10,170 10,318 8912
Missing 53,956 54,727 58,202 54,326 41,562
Sex of child, n (%) Female 205,548 213,675 222,102 221,234 191,276
Male 216,986 225,694 234,579 234,708 202,960
Maternal birth country, n (%) Ethiopia 6039 6323 6913 7069 6266
FSU 13,867 15,095 16,488 16,763 14,079
Israel 344,601 361,705 373,029 370,504 319,928
Other 25,293 25,239 25,326 25,883 23,835
Maternal employment status, n (%) Employed 165,974 178,179 195,345 205,890 189,838
Unemployed 93,411 95,953 97,224 94,809 79416
Student 15,608 17,519 19,318 20,128 18,225
Other 147,541 147,718 144,794 135,115 106,757
Maternal marital status, n (%) Married 370,702 387,562 400,797 397,968 342,344
Unmarried 12,132 13,181 14,371 15,259 13,847
Divorced 5286 5244 5278 4860 3773
Other 34414 33,382 36,235 37,855 34,272
Maternal age, n (%) <20 18,631 18,821 18,464 17,512 14,206
20-40 391,600 406,961 421,384 418,611 360,138
>40 11,831 12,865 13,929 14,506 12,984
Child’s age at time of estimation, n (%) 0-1 187,783 192,493 197,007 197,809 185,019
1-2 169,254 173,707 181,267 181,784 166,682
2-3 106,652 109,820 114,959 115,508 104,789
3-4 45,226 50,475 54,075 52,957 23,917
4-5 9602 10,850 12,000 11,760 9968
5+ 15,888 18,666 22,194 21,439 9337

In the maternal education level “Other”includes “Missing”, “No education” and “Studies in Yeshiva”. In the birth country variable, “Other” includes children whose
mothers were reported as born in Europe, Other, Unknown, North America, Africa, Asia, South and Central America, Australia, and Oceania. In marital status, ‘Missing;

‘widower’ and ‘other’ were reported as ‘Other’

Descriptive statistics on baseline population charac-
teristics were generated with percentage. Comparisons
between sociodemographic sub-groups were analyzed
with x? tests adjusted for multiple comparisons via Bon-
ferroni correction. The statistical significance of the
trends in failure incidence rates was calculated using the
Cochran—Armitage trend test.

We used multivariable logistic regression to estimate

the impact of each explanatory variable on the odds
ratio (OR) of failure to attain developmental milestones,
while controlling for confounding variables. We repeated
this analysis using failure in each of the developmen-
tal domains as the response variable. We used variance
inflation factor (VIF) to assess potential multicollinearity
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between the explanatory variables. The analysis was per-
formed using Python programming language version 3.6
(Python Software Foundation).

Results
1,002,700 Children with 4,441,689 developmental visits
were included. Out of these visits, 535 were excluded due
to lack of developmental data, missing age or duplicate
records.

The cohort’s main characteristics are presented in
Table 1, 2, 3. This cohort included approximately 70% of
the children born in Israel within the study period, and
is mostly representative of the entire national population,
with a slight overrepresentation of the Arab sector (76—
80% of the Israeli-Arab children are included vs. 59-68%
of the Israeli-Jewish children) [20].

General trends

Over the years 2016—2019, there was an increase in the
rate of failure to attain milestones in all four developmen-
tal domains (p<0.001), as shown in Fig. 1. The milestone
attainment failure rate was ranging from 3.1% [2.92, 3.02]
in 2016 to 3.8% [3.74, 3.86] in 2019 in the gross motor
domain, from 3.3% [3.27, 3.38] in 2016 to 3.9% [3.88,
3.99] in 2019 in the fine motor domain, and from 2%
[1.97, 2.05] in 2016 to 3% [2.93, 3.03] in 2019 in the social
domain. The highest failure rate was observed in lan-
guage milestones, with a rate of 3.9% [3.8, 3.92] in 2016
and 5.4% [5.34, 5.47] in 2019. In 2020 there was a slight
decrease in failure rates. Parental concern progressively
decreased over the years, from 3.9% [3.89, 4.01] in 2016
to 3.3% [3.23, 3.34] in 2020.

Sociodemographic correlates of child development
Maternal education

Figure 2 shows the temporal trends of developmental
outcomes stratified by the mother’s level of education.
It is apparent that the failure rate in all developmen-
tal domains is lower as the mother’s level of education
is higher. This trend is more prominent in the language
domain (Fig. 2d) than in the gross motor domain (Fig. 2e).
The same trend was observed in the nurse’s report of
developmental concern (Fig. 2b). In the language, social
and fine motor domains, the rate of failure to attain
milestones is increasing more rapidly for children with
lower maternal education, widening the gap between
the groups (Fig. 2¢,d and f). The language milestone
attainment failure rate in children whose mothers had
elementary education increased from 5.5% in 2016 to
7.7% and 7.6% in 2019 and 2020, respectively. In chil-
dren whose mothers had academic education, the mile-
stone attainment failure rate increased from 3% in 2016
to 4% and 3.7% in 2019 and 2020, respectively (p <0.001).
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Fig. 1 Temporal trends in child development domains
and in parental and nurse’s report of concern for child development

In milestones in the fine motor and social domains the
attainment failure rates in 2016 were 3.2% and 4.5%,
respectively, in children whose mothers had elementary
education, and 1.8% and 2.9% respectively, in children
whose mothers had academic education (p<0.001). In
2019 and 2020 the attainment failure rates for children
whose mothers had elementary education were 4.4% and
3.8% respectively, in the social domain, and 5.9% and 5%,
respectively, in the fine motor domain. The attainment
failure rates for children whose mothers had academic
education in 2019 and 2020 were 2.3% and 2.1%, respec-
tively, in the social domain, and 3.2% and 3%, respec-
tively, in the fine motor domain (p <0.001).

Ethnic group

Figure 3 shows the trend of developmental outcomes
stratified by the different ethnic and religious groups,
including Jews, Muslim Arabs, Christian Arabs, Druze,
and Bedouin. The Bedouin children had higher fail-
ure rates in the social (3.9%, p<0.001), language (5.6%,
p<0.001), and fine motor (5.9%, p<0.001) domains
(Fig. 3¢, d and f)). In contrast, the level of concern among
this group, by both the parents and the attending nurse
was the lowest (Fig. 3b), reflecting higher unawareness to
potential developmental delays. Interestingly, the high-
est rates of milestone attainment in these domains were
observed in another minority group, the Druze, while the
rate of concern by the nurses was highest for this group.

Maternal birth country
Figure 4 shows the trend of developmental outcomes
stratified by maternal birth country. Failure rates in
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Parental report of developmental concern
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Fig. 2 Reports of concern and failure rates in various developmental domains stratified by maternal education level between 2016 and 2020.
a Parental report of developmental concern b Nurse's report of developmental concern ¢ Failure rate in the social domain d Failure rate
in the language domain e Failure rate in the gross motor domain f Failure rate in the fine motor domain

attaining social and language milestones were higher for
children whose mothers immigrated to Israel (mostly
from the Former Soviet Union (FSU) or Ethiopia), while
the failure rate in attaining fine motor milestones was
higher for children of Ethiopia-born mothers (5.2% in
2020, p<0.001). Parental concern regarding their child’s
development slightly increased over the years among

mothers born in the FSU (p<0.001), and their rate was
higher compared to mothers born in Israel or other coun-
tries (5% vs. 3-3.6%, respectively, p<0.001). In nurse’s
report of developmental concern, the rates of children to
FSU- or Ethiopia-born mothers were substantially higher
compared to children of Israel-born mothers (7-7.2% vs.
4.0%, respectively p <0.001).
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Fig. 3 Reports of concern and failure rates in various developmental domains stratified by ethnic and religious groups between 2016 and 2020.
a Parental report of developmental concern b Nurse’s report of developmental concern ¢ Failure rate in the social domain d Failure rate
in the language domain e Failure rate in the gross motor domain f Failure rate in the fine motor domain

Maternal employment status

Figure 5 describes the association between maternal
employment status and the developmental outcomes.
In all four domains, failure to attain milestones was
more prevalent in children to unemployed mothers,
compared with children to employed or student moth-
ers. This difference was most prominent in the language
milestones, where the failure rates were 6.9% and 6.5%
(p<0.001) in 2019 and 2020, respectively, for children

to unemployed mothers, compared to children to
employed mothers with failure rates of 5% in 2019 and
4.8% in 2020 (p <0.001). Similarly, unemployed mothers
reported concern regarding their child’s development
more frequently than employed mothers or students.

Maternal marital status

Figure 6 describes the association between maternal
marital status and developmental outcomes. Married
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Fig. 4 Reports of concern and failure rates in various developmental domains stratified by maternal country of birth between 2016 and 2020.
a Parental report of developmental concern b Nurse's report of developmental concern ¢ Failure rate in the social domain d Failure rate
in the language domain e Failure rate in the gross motor domain f Failure rate in the fine motor domain

women were less likely to have concerns regarding their in developmental milestones across all four domains
child’s development (3.2%, p<0.001 in 2020), com- according to THIS scale (Fig. 6¢-f).

pared to unmarried (4.5%, p<0.001 in 2020) or divorced

(5.6%, p<0.001 in 2020) women (Fig. 6a). Similar asso-  Sex of child

ciations were observed in nurse’s report regarding Failure rates were higher for males, compared to females,
developmental concern (Fig. 6b) and in objective failure in all the developmental domains (Additional file 1: Fig.
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Fig. 5 Reports of concern and failure rates in various developmental domains stratified by maternal employment status between 2016 and 2020.
a Parental report of developmental concern b Nurse's report of developmental concern ¢ Failure rate in the social domain d Failure rate
in the language domain e Failure rate in the gross motor domain f Failure rate in the fine motor domain

S1). The gap between sex groups was largest in the lan-
guage domain (for example, in 2020, 4.2% of assessed
females failed in attaining language milestones, com-
pared to 6% of assessed males, p<0.001).

Maternal age

Reports of concern and failure rates in various devel-
opmental domains stratified by maternal age between
2016 and 2020 are provided in Additional file 1: Fig.
S2. Women who gave birth over the age of 40 report
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Fig. 6 Reports of concern and failure rates in various developmental domains stratified by maternal marital status between 2016 and 2020.
a Parental report of developmental concern b Nurse's report of developmental concern ¢ Failure rate in the social domain d Failure rate
in the language domain e Failure rate in the gross motor domain f Failure rate in the fine motor domain

more concern regarding their child’s development, were observed in objective failure in developmental
compared to women who gave birth between 20 and milestones across all four domains (Additional file 1:
40 years or those who gave birth before the age of 20  Fig. S2c—f).

(p<0.001). Nurses report greater developmental con- Additional sub-analysis by geographical districts is
cern in children whose mothers gave birth over the age  available online (in Hebrew) [21].

of 40 (Additional file 1: Fig. S2b). Similar associations
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Fig. 7 Mutually adjusted odds ratios of any milestone attainment failure, by demographic factors

Contribution of sociodemographic variables
to developmental milestone attainment
Mutually adjusted odds ratios for failure in any milestone,
and for domain-specific failure are presented in Fig. 7
and Additional file 1: Figs. S3, S4, S5, S6, respectively.
Higher risk was observed in children to mothers
who are divorced (OR=1.24 [1.2, 1.28], P<0.001), or
unmarried (OR=1.19 [1.17, 1.21], P<0.001), unem-
ployed (OR=1.22 [1.21, 1.24], P<0.001), immigrant
from the FSU (OR=1.17 [1.14, 1.19], p<0.001) or Ethi-
opia (OR=1.21 [1.18,1.25], p<0.001), have elementary
(OR=1.56 [1.52, 1.6], p<0.001) or high school (OR=1.39
[1.38, 1.41], p<0.001) education or are over 40 years old
at time of child’s birth (OR=1.25 [1.23, 1.28], p<0.001).
The increased risk was mostly evident in the language,
social and fine motor domains.

Discussion

Attainment of age-dependent milestones is the cor-
nerstone of developmental surveillance tools used for
monitoring children worldwide. Here we use a national
dataset to describe trends in developmental milestone
attainment rates between the years 2016 and 2020, and
to evaluate the associations between various sociode-
mographic factors and these trends.

When evaluating the overall rate of failure in attain-
ing any of the milestones, we observed a gradual ele-
vation over the examined years in all developmental
domains. This elevation was most prominent in the
language domain. These results are consistent with
the reported elevation in developmental disorders

prevalence over the last decade [2, 22]. In 2020 fail-
ure rates decreased compared to 2019, which may be a
consequence of changes in the surveillance policy and
availability between March and October 2020 due to
constraints of the COVID-19 pandemic.

Parental concern may be a good predictor of devel-
opmental delay [23, 24]. However, in this study we
observed a trend of decline in parental concern for
developmental delay, while the rates of failures in mile-
stone attainment increased. These observations should
be noted since parental awareness to their child’s dif-
ficulties, may encourage suitable interventions. In
addition, there is a need to accompany developmental
surveillance tools with appropriate parental education
regarding the expected attainment of age-dependent
milestones by their child.

Multivariable regression analysis enabled to quan-
tify the contribution of the different sociodemographic
variables to the risk of failure in attaining milestones.
Higher risk was observed in children to mothers who are
divorced, unemployed, immigrant, have lower education,
are of Bedouin origin or are over 40 years old at time of
child’s birth after adjustment for other sociodemographic
factors. The increased risk is mostly evident in the lan-
guage, social and fine motor domains.

Associations between sociodemographic variables and
suspected developmental delay were previously reported.
These include lower level of maternal education [15, 16,
19], maternal employment status [17], maternal marital
status [16, 18] and maternal age [15, 16]. Our results are
consistent with these reports.
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This study has few notable limitations. First, MCHCs
that belong to other health maintenance organiza-
tions (~30%) were not included in this study. However,
this subset is nationally representative of child’s sex
and maternal age, with a minor overrepresentation of
the Arab children population [20]. Second, although
the MCHCs used a uniform surveillance protocol, its
practical implementation may have varied across geo-
graphical locations and cultural subgroups. Third, the
surveillance visits to the MCHCs in 2020 were irregular
due to COVID-19 pandemic, which may have caused
specific changes during this period. Another limita-
tion is that while 95% of the children routinely visit
the MCHCs until the age of 24 months, these num-
bers drop significantly at older ages. However, when
comparing characteristics of the children who contin-
ued visiting MCHCs at older ages to those who visited
only at younger ages, no significant differences were
found [20]. Furthermore, we report trends of milestone
attainment failures in one domain and in any domain.

Additional possible analysis would be to stratify the
children by the number of domains with unattained
milestones. This analysis was beyond the scope of the
current report. Finally, in this work we used exist-
ing demographic factors collected by MCHCs during
routine visits. Hopefully in future reports we will be
able to include additional variables, such as socioeco-
nomic status, child’s location in the family and age gap
between siblings, which might help us better describe
child development trends.

We hope that this report may support decision mak-
ers, such as municipal and government officials, in
allocating resources and choosing appropriate inter-
ventions in subpopulations at risk of developmental
delays, such as creating tailored educational initiatives
for specific populations and planning future expansions
of developmental centers based on regional needs. An
annual update of the measured variables will enable
objective evaluation of such interventions, in order to
maximize their effectiveness.

Conclusions

This report describes national trends of child devel-
opment in the gross motor, fine motor, language, and
social domains. These trends are important for stake-
holders and policy makers, allowing data driven deci-
sion making and resource allocation.

We assessed the sociodemographic variables contrib-
uting to the risk of failing to attain developmental mile-
stones and identified subpopulations with increased
risk.
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We strongly recommend publishing a periodic report,
such as the one presented in this work, as it will allow
an objective evaluation of the effectiveness of interven-
tion programs and a continuous calibration of these
programs in attempt to maximize the developmental
potential of children in Israel and worldwide.
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