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Abstract

Background
Linkage of demographic, health, and developmental administrative data can enrich population-based
surveillance and research on developmental and educational outcomes. Transparency of the record
linkage process and results are required to assess potential biases.

Objectives
To describe the approach used to link records of kindergarten children from the Early Development
Instrument (EDI) in Ontario to health administrative data and test differences in characteristics of
children by linkage status. We demonstrate how socio-demographic and medical risk factors amass in
their contribution to early developmental vulnerability and test the concordance of health diagnoses
in both the EDI and health datasets of linked records.

Methods
Children with records in the 2015 EDI cycle were deterministically linked to a population registry
in Ontario, Canada. We compared sociodemographic and developmental vulnerability data between
linked and unlinked records. Among linked records, we examined the contribution of medical and
social risk factors obtained from health administrative data to developmental vulnerability identified
in the EDI using descriptive analyses.

Results
Of 135,937 EDI records, 106,217 (78.1%) linked deterministically to a child in the Ontario health
registry using birth date, sex, and postal code. The linked cohort was representative of children
who completed the EDI in age, sex, rural residence, immigrant status, language, and special needs
status. Linked data underestimated children living in the lowest neighbourhood income quintile
(standardized difference [SD] 0.10) and with higher vulnerability in physical health and well-being
(SD 0.11) , social competence (SD 0.10), and language and cognitive development (SD 0.12).
Analysis of linked records showed developmental vulnerability is sometimes greater in children with
social risk factors compared to those with medical risk factors. Common childhood conditions with
records in health data were infrequently recorded in EDI records.

Conclusions
Linkage of early developmental and health administrative data, in the absence of a single unique
identifier, can be successful with few systematic biases introduced. Cross-sectoral linkages can
highlight the relative contribution of medical and social risk factors to developmental vulnerability
and poor school achievement.
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Introduction

Routinely collected health and administrative data contain
a wealth of information that can be used to inform health
system delivery [1, 2]. Adding cross-sectoral data linkages,
including datasets that capture developmental and social
services records can enrich the contextual understanding
of each of these sectors’ data. Further, the relatively low
costs of data linkage in comparison to traditional methods
(e.g. survey collection) make linkages of multiple datasets
appealing [3]. For young children specifically, there is a
paucity of population level indicators of their development,
health, well-being, and social risk beyond the neonatal
period making linkages to a broad range of cross-sectoral
datasets even more desirable for health and education system
learnings [4].

In Canada, comprehensive health data are routinely
collected in each province with every health system interaction
for all legal residents with a valid universal provincial health
insurance number. In Ontario, Canada’s most populous
province (approximately 14 million persons), these data are
held securely at ICES (formerly the Institute for Clinical
Evaluative Sciences), one of Canada’s largest health data
repositories. At ICES, unique encoded health identification
numbers allow for linkage across health datasets and privacy
legislation allows for their use for research. While use of
secondary data for research has become increasingly attractive
for researchers, it continues to have important methodological
challenges [3]. With dataset linkage, in the absence of a
unique identifier, errors are inevitable. Systematic errors in
linkage, in turn, can lead to bias and threaten the reliability
of results. Moreover, some records cannot be linked for a
variety of reasons, including the incompleteness of the data
used for linkage and the absence of identifiers common
to both datasets [2, 3]. Study designs and interpretation
can be strengthened with a good understanding of the
linkage process, potential errors, and sources of bias. Journals
increasingly encourage transparency in reporting studies using
linked administrative data [1, 5]. While reporting linkage
quality is an important component for quality assurance,
linkage statistics are often not available or reported.

Despite the scarcity of population-level child health
measures, one dataset that holds promise to enhance our
understanding of child developmental health is the Early
Development Instrument (EDI) [6]. The EDI is a valid
and reliable teacher completed checklist which measures
the developmental status of children in kindergarten. The
EDI measures children’s ability to meet age-appropriate
developmental expectations in five domains: physical health
and well being, social competence, emotional maturity,
language and cognitive development, and communications
skills and general knowledge [6]. The EDI, recognized and used
internationally, focuses on the overall developmental outcomes
for children as a health-relevant, measurable concept that has
long-term consequences for individuals and populations [7].
Full details about the EDI, including its validation have been
published elsewhere [8–16]. Linkage of these developmental
data to health administrative data may be used to answer
critical questions about the interplay between pre- and post-
natal maternal and child health and social well-being and early
childhood development [17–19].

Capitalizing on the rich child development data as
measured by the EDI and the feasibility and importance of
linkage with health and administrative data holdings available
at ICES, this study aims to describe the record linkage
strategy used to link one cycle of EDI with the health
administrative data at ICES, estimate linkage rates, compare
sociodemographic and health characteristics of the linked
and unlinked data, and test the concordance of diagnoses in
both the EDI and health datasets of those linked records. In
addition, in the linked population, we describe the medical
and social risk factor profile associated with EDI vulnerability
outcomes.

Methods

Study design and setting

This was a population-based linkage study of kindergarten-
aged children (ages 5 to 6 years) with a completed EDI record
in 2015 using health data routinely collected from the publicly
funded universal healthcare system and other administrative
data available in Ontario, Canada. The datasets linked to the
EDI used unique encoded identifiers and were analyzed at
ICES, an independent, non-profit research institute whose legal
status under Ontario’s health information privacy law allows it
to collect and analyze health care and demographic data from
designated health information custodians, without individual
consent, for health system evaluation and improvement.

The Early Development Instrument

The EDI is a 103-item validated questionnaire completed
by senior kindergarten teachers in publicly funded schools in
the second half of the school year that measures children’s
ability to meet age-appropriate developmental expectations
across five domains: 1) physical health and well-being; 2)
social competence; 3) emotional maturity; 4) language and
cognitive development; and 5) communication skills and
general knowledge [6, 20]. Designed as a population-level
research tool, the EDI is a measure of developmental status
of children across schools, neighbourhoods, as well as larger
geographies, which with repeated implementations, provides
indicators of developmental change over time in populations of
children. It can be used to help identify cohorts of children who
may be struggling, though not yet identified, and may benefit
from universal programs. The 2015 implementation of the EDI
in Ontario is the 4th provincial level collection in a cycle that
began in 2004. The first cycle of EDI data constitutes the
Ontario baseline for subsequent years and is used to determine
the 10th percentile cut-offs for assessment of vulnerability.
Children scoring below this 10th percentile cut-off are at higher
odds of not meeting optimal developmental standards [6, 21,
22]. Such children may benefit from cost-effective, universal
preventive programs [23]. The EDI also contains parent-
reported and teacher-recorded medical and developmental
diagnoses for children, including but not limited to, autism
spectrum disorder (ASD), asthma, anxiety, cerebral palsy, and
attention deficit and hyperactivity disorder (ADHD). These
are selected from a list of over 30 diagnoses available to the
teacher [23].
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Data sources

The Registered Person’s Database (RPDB), the file of all
residents in Ontario who are eligible for universal provincial
health care coverage, was used to identify date of birth,
sex and alpha-numeric residential postal code via health
insurance information. Such coverage includes refugees and
immigrants to Canada who have been granted permanent
resident status. For health data, we used the Ontario Health
Insurance Plan for outpatient physician billings, the National
Ambulatory Care Reporting System for emergency department
visits, and the Canadian Institute for Health Information’s
Discharge Abstract Database for inpatient hospitalizations.
The MOMBABY database, an ICES-derived dataset, linked
children born in Ontario hospitals to their mothers using
birth hospitalization records [24]. We used the mother’s
encoded identifier to obtain pre- and post-natal information
related to socio-demographic and medical factors of mothers.
For children without records in the MOMBABY database,
we linked to the Immigration, Refugee and Citizenship
Canada’s Permanent Resident Database [25] to determine
whether the child entered Canada as an immigrant (e.g.,
economic class, family class, etc.) or refugee. Children who
were not born in a hospital in Ontario or identified as an
immigrant or refugee, were categorized as ‘other’, which
includes children coming to Ontario through inter-provincial or
-territorial migration and children born at home. We derived
neighbourhood income quintile, the Ontario Marginalization
Index material deprivation quintile [26], and rural residence by
linking residential postal code with census data. The Ontario
Drug Benefit database identified children and mothers who
had ever used social assistance through filling a prescription
paid for by the Ontario Drug Benefit Program [27].

Study population

In Ontario, children enter Year 1 of kindergarten in September
of the calendar year they turn 4 years old (junior kindergarten),
and Year 2 the year they turn 5 (senior kindergarten). The
majority of children (almost 90%) attend publicly funded
schools [28]. All children in publicly funded Year 2 kindergarten
(n = 135, 937) [29] in Ontario whose teacher completed the
EDI questionnaire in the final term of the year (1st January
to 30th June, 2015, age 5- to 6-years-old) were considered
for linkage. Individuals were excluded if their EDI data did
not have a minimum number of questions completed (i.e.
valid for inclusion filter created by EDI developers that flags
useable records) [23]. After linkage of the EDI to health and
administrative data, we further excluded records that linked to
the MOMBABY database but with a flag indicating a problem
with linkage. For example, we excluded children where the
infant’s identifier was equivalent to the mother’s identifier.

Linkage methodology

We retrieved birth date and sex variables for all individuals
with a valid Ontario health card number with a year of birth
from 2006 to 2010 from the RPDB. These birth years were
considered as potentially linkable with children who completed
the 2015 EDI in Ontario. For all individuals in the retrieved
cohort, we determined their postal code of residence as of

1st July, 2015 using the RPDB postal code file. We used
deterministic linkage and variables of birth date, sex, and
postal code to link EDI records to the RPDB file. For records
that remained unlinked after this first pass, we expanded
the catchment to include the postal code file for 2014. We
performed this second pass to account for the possibility of
an address change that might not have been reflected in the
EDI or 2015 RPDB file. As in the first pass, birth date and
sex variables for all individuals with a valid Ontario health card
number with year of birth from 2006 to 2010 were retrieved
from the RPDB file. For all individuals in the retrieved cohort,
we used their postal code of residence as of 1st July, 2014 using
the RPDB postal code file and deterministically linked them
to the EDI records. Due to the lack of more specific identifiers
in the EDI dataset, such as the child’s name, we were unable
to link records with identical values for birth date, sex, and
postal code to the RPDB. Thus, multiple birth children of the
same sex were excluded from the linked cohort. This approach
was used as no unique identifier was available in each database
that were common to both datasets.

Outcomes

The outcome of interest was a child’s vulnerability status as
determined by their score on each of the five domains measured
by the EDI. Children were considered to demonstrate overall
vulnerability if they scored less than or equal to the 10th

percentile cut-off for Ontario children on at least one domain.

Covariates

We chose social and medical risk factors for a child’s
vulnerability based on previous research that has shown a
relationship between these factors [30–35]. Risk factors were
categorized as medical or social (Supplementary Appendix A).
Medical risk factors related to the birth event (premature
birth, low birthweight, neonatal intensive care unit stay at
birth) could only be determined for children born in an Ontario
hospital. Because extreme prematurity (<28 weeks gestation)
and extremely low birth weight (<1500 grams) can contribute
to significant neurodevelopmental morbidity, these risk factors
were given double the weight of children born preterm at 28
to ≤36 weeks gestation or low birth weight at 1500 to <2500
grams, and counted as two risk factors each. Other medical
risk factors included congenital anomalies, major illnesses,
hospitalizations for 6 or more days, and any intensive care
unit stay. To determine the presence of a major illness, we
used The Johns Hopkins ACG System Version 10 [36, 37] a
case-mix methodology for aggregating conditions into adjusted
diagnostic groups (ADGs) that are similar in expected resource
use to determine whether children had 2 or more major
diagnoses from the first of their birth or their first eligibility
for provincial health insurance to their 4th birthday.

Sociodemographic risk factors were derived from both
the child’s and, for those born in Ontario, their mother’s
encounters with the health system, and involved linkages with
census, physician billing, hospitalization, immigration, Ontario
Drug Benefit program, and the Narcotic Monitoring System
sources [25, 38]. These risk factors include: child or mother was
a refugee; child was discharged to social services at birth; child
had an outpatient visit or hospitalization for maltreatment;
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child lives in the lowest neighbourhood income quintile; mother
was younger than 19 years of age at first birth; mother had 4
or more children as of the child’s 4th birthday; mother has 10
or more ADGs in the post-natal period; mother has a history of
mental illness in the pre- or post-natal period; and mother has
a history of an emergency department visit or hospitalization
as a result of experiencing violence.

For each child we calculated a score representing the sum
of risk factors in each of the medical and social domains where,
for example, a score of 0 under the social domain meant
the child had no social risk factors. We categorized scores
in each of the domains (medical or social) as zero, one, two,
and three or more and then created 16 dyads representing a
child’s medical and sociodemographic risk factor experience.
A dyad of ‘00’ represented a child with no medical or
sociodemographic risk factors while the dyad ‘33’ represented
a child with both medical and social risk scores of three or
more.

Concordance of education and health data for
common clinical conditions

We selected five common clinical conditions reported in
the EDI by the teacher, often from information provided
by the parent, to assess concordance between the EDI-
based reports and health conditions recorded in administrative
data. Conditions included anxiety, asthma, ADHD, ASD,
and cerebral palsy (CP). To determine whether a child
had the condition according to administrative data, we
observed from when the child had provincial health insurance
(birth or migration to Ontario) to 2 years following the
completion of the EDI and where the diagnosis was reported in
either physician billings, emergency department and hospital
discharge records, or in the narcotic monitoring records
(ADHD only). For asthma, we used an asthma specific
database developed at ICES and compiled based on a validated
algorithm for identifying this condition in administrative
data [39]. Data sources and definitions of medical diagnoses
are provided in Supplementary Appendix A.

Analysis

Linkage analysis

To assess potential biases and limitations of the EDI data, we
compared the linked EDI data to the unlinked EDI data in a
descriptive analysis of variables recorded in the EDI, as well
as information obtained from postal code linkages. We used
the standardized difference of the mean to test for statistically
significant differences where a value equal to or greater than
0.10 was considered significant.

Vulnerability analysis

We used descriptive analysis to better understand the
relationship between medical and social risk factors and a
child’s vulnerability. We plotted risk factor dyads against
vulnerability, defined as scoring at or below the 10th percentile
on at least one of the five domains or scoring at or below the
10th percentile on two or more domains.

We examined the concordance of health conditions
reported on the EDI with the administrative data identification
of five health conditions. We calculated the agreement (kappa)
between EDI and administrative data in identifying the
condition, as well as the positive predictive value of the EDI
source to identify a condition relative to the administrative
data reference standard.

All data analyses were conducted at ICES using SAS
Enterprise Guide 7.1 (SAS Institute Inc., Cary, North Carolina).

This study was approved by the Research Ethics Board at
The Hospital for Sick Children, Toronto, Ontario.

Results

There were 135,937 EDI records completed in Ontario in
2015 available for linkage. Following deterministic linkage
with birth date, sex and postal code, 100,780 (74.1%) of
files were linked after the first pass using the 2015 RPDB
postal code file and a further 5,437 (4.0%) files were linked
after the second pass using the 2014 RPDB postal code file.
This culminated in a total of 106,217 (78.1%) files being
linked (Figure 1). A further 2,062 files were excluded due
to invalid EDI records and 207 files were excluded due to
invalid identifiers when linked to maternal record and birth
hospitalization for those born in Ontario hospitals (Figure 2).
Through this linkage process, 4.2% of EDI records represented
multiple birth children of the same sex and thus could not be
linked due to the lack of more specific identifiers in the EDI
dataset.

Linked versus unlinked records

Characteristics of children comparing those with linked
and unlinked records and only those with linked records
included in the study are shown in Tables 1 and 2,
respectively. Supplementary Appendix B further details
baseline characteristics of linked children who completed the
EDI and were included in the study. Children with linked and
unlinked records had similar sociodemographic characteristics
including age, sex, and rural residence (Table 1). Significant
differences were observed between groups by neighbourhood
level income quintile with lower linkage rates for children living
in the lowest neighbourhood level income quintile (income
quintile 1: 22.5% unlinked vs. 18.3% linked; standardized
difference [SD] 0.10) and higher linkage rates for those who
had been at the school administering the EDI for longer
than one month (98.9% linked vs. 94.4% unlinked; SD 0.25).
There were no differences between children with linked and
unlinked records by special needs designation, mother tongue,
by enrollment in French Immersion education, or by positive
multiple challenge index assignation (defined as scoring below
standardized cut-point on 9 or more of the 16 subdomains).
Differences in mean domain scores were observed based on
linkage status in physical health and well-being (8.76 ± 1.40
linked, 8.61 ± 1.49 unlinked; standardized difference 0.11),
social competence (8.21±1.97 linked, 8.01±2.06 unlinked; SD
0.10), and language and cognitive development (8.82 ± 1.69
linked, 8.61 ± 1.82 unlinked; SD 0.12) domains, with scores
being higher in the children with linked records. Differences
were not observed between groups in emotional maturity
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Figure 1: Deterministic linkage process used to link the 2015 Early Development Instrument (EDI) to the Ontario Registered
Persons Database (RPDB)

and communication skills and general knowledge domains.
When comparing linkage groups based on the proportion
below the 10th percentile in any domain, no differences were
observed.

Concordance of health administrative data
and EDI for select child health diagnoses

Table 3 shows the concordance between select parent
reported/teacher recorded medical diagnoses in the EDI and
health administrative data records of those same diagnoses.
Generally, anxiety, asthma, cerebral palsy, and ADHD were
infrequently recorded in the EDI when there was a record
in health administrative data. For ASD, records in the EDI
occurred in almost half of health administrative data records.
ASD showed good concordance with a positive predictive value
of 89.4% and a negative predictive value of 98.4% and kappa
0.60. There was generally fair concordance with EDI and
administrative data in identifying cerebral palsy with positive
and negative predictive values of 91.8% and 99.7% respectively
and kappa 0.34.

Medical risks

Among linked individuals, 31,530 (30.3%) demonstrated
overall vulnerability (one or more domains), among whom
15,039 (14.4%), 7,240 (7.0%), 4,392 (4.2%), 2,852 (2.7%),
and 2,007 (1.9%) had vulnerabilities on 1, 2, 3, 4, and
5 domains, respectively (Table 4). For children born very

preterm (< 28 weeks gestation) and preterm (28 to 36
weeks), 54.1% and 36.6%, respectively, were vulnerable on
one or more domains; with similar proportions observed
in children born with very low or low birth weight.
Among children with a prolonged neonatal intensive care
unit stay at birth, congenital anomalies, major childhood
illnesses, prolonged hospitalizations, and any intensive care
unit stay, between 40.1% to 46.0% demonstrated overall
vulnerability.

Social risks

There were 3,366 children who were either themselves or had
mothers who were refugees, of whom 1,247 (37.0%) were
vulnerable on one or more domains. Out of only 78 children
who were discharged to social services at birth, 67.9% were
vulnerable on one or more domains (Table 4). Among children
with a history of maltreatment, 45.6% were vulnerable on at
least one domain. Across all neighbourhood income quintiles,
there was a gradient with increasing number of vulnerable
domains with decreasing neighbourhood income quintile, with
the highest percentage of children (40.0%) with overall
vulnerability in the lowest income quintile neighbourhoods.
Among children with family members (either themselves or
their mother) who received income assistance, 53.9% were
vulnerable on at least one domain. About a third of children
with mothers with multiple (10+) medical comorbidities
(33.7%) and mental illness (33.1%) were overall vulnerable
(Table 4). Among only 63 children in the sample with known
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Figure 2: Flow chart of inclusion and exclusions of Early Development Instrument (EDI) records for assessing social and medical
risk factors for vulnerability

history of maternal assault, 65.1% of children demonstrated
vulnerability.

Medical and social risk

Supplementary Appendix C shows the number and proportion
of the population affected by medical and social risk factors.
Most (85.3%) children had no medical risk factors with
only 5.3% having two or more medical risk factors. In
contrast, 35.1% of children had no social risk factors and
34.1% had two or more social risk factors. Figure 3 shows
the proportion of individuals with vulnerability on one or
more EDI domains by number of social and medical risk
factors. With increasing social or medical risk factors, there

was an increase in the proportion with EDI vulnerabilities.
Among those with three social risk factors, regardless of
the number of medical risk factors, the proportion with
overall vulnerability (47.5%–61.7%) was higher than all other
combined social and medical risk groups. Among those
with three social risk factors and no medical risk factors,
47.5% were vulnerable overall compared with 35.5% of those
with three or more medical risk factors with no social risk
factors.
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Table 1: Characteristics of children with linked and unlinked early development instrument records

Linked Unlinked Standardized
difference

Linkage
rate (%)

Characteristic N=106,217 N=29,720

Sex, male, n (%) 54,810 (51.6) 14,916 (50.2) 0.03 78.6
Age, mean (± SD) 5.68± 0.29 5.68± 0.30 0.02
Rural residence, yes, n (%) 11,015 (10.4) 2,570 (8.6) 0.06 81.1
Neighbourhood Income quintile n (%)
1 (lowest) 19,476 (18.3) 6,694 (22.5) 0.10 74.4
2 19,307 (18.2) 5,826 (19.6) 0.04 76.8
3 21,277 (20.0) 5,777 (19.4) 0.01 78.6
4 25,120 (23.6) 6,098 (20.5) 0.08 80.5
5 (highest) 20,824 (19.6) 5,106 (17.2) 0.06 80.3
Missing 213 (0.2) 88 (0.3) 0.02 70.8

Child in class for >1 month, n (%) 105,049 (98.9) 28,053(94.4) 0.25 78.9
Special Needs, yes, n (%) 4,531 (4.3) 1,155 (3.9) 0.02 79.7
Child’s first language, n (%)
English 83,373 (78.5) 22,889 (77.0) 0.04 78.5
French 3,217 (3.0) 1,025 (3.4) 0.02 75.8
Other 19,627 (18.5) 5,806 (19.5) 0.03 77.2

English or French as a second language, n (%)
English as second language program
French as second language program

9,806 (9.2)
2,282 (2.1)

2,928 (9.9)
825 (2.8)

0.02
0.04

77.0
73.4

French Immersion Program, yes, n (%) 13,265 (12.5) 3,219 (10.8) 0.05 80.5
Multiple Challenge Index, yes, n (%) 4,944 (4.7) 1,553 (5.2) 0.03 76.1
EDI Domain scores, mean (± SD)

Physical health and well-being 8.76± 1.40 8.61± 1.49 0.11
Social competence 8.21± 1.97 8.01± 2.06 0.10
Emotional health and maturity 7.95± 1.65 7.80± 1.71 0.09
Language and cognitive development 8.82± 1.69 8.61± 1.82 0.12
Communication skills and general knowledge 7.83± 2.56 7.64± 2.64 0.07

Below 10th percentile on at least 1 domain score, n
(%)

31,938 (30.1) 10,120 (34.1) 0.09 75.9

Below 10th percentile on 2+ domain scores, n (%) 16,730 (15.8) 5,406 (18.2) 0.07 75.6
Vulnerable, Below 10th percentile in domain, n (%)

Physical health and well-being 17,791 (16.7) 5,828 (19.6) 0.07 75.3
Social competence 12,574 (11.8) 4,018 (13.5) 0.05 75.8
Emotional health and maturity 14,233 (13.4) 4,419 (14.9) 0.04 76.3
Language and cognitive development 8,003 (7.5) 2,737 (9.2) 0.06 74.5
Communication skills and general knowledge 12,457 (11.7) 3,822 (12.9) 0.03 76.5

Special concerns, yes, n (%)
Physical disability 1,336 (1.3) 350 (1.2) 0.01 79.2
Visual impairment 911 (0.9) 272 (0.9) 0.01 77.0
Hearing impairment 902 (0.8) 239 (0.8) 0.00 79.1
Speech impairment 6,326 (6.0) 1,652 (5.6) 0.02 79.3
Learning disability 3,793 (3.6) 1,107 (3.7) 0.01 77.4
Emotional problem 3,991 (3.8) 1,340 (4.5) 0.04 74.9
Behavioural problem 5,820 (5.5) 1,883 (6.3) 0.04 75.6
Home environment 2,901 (2.7) 1,300 (4.4) 0.09 69.1
Chronic medical problems 1,350 (1.3) 349 (1.2) 0.01 79.5
Dental problems 443 (0.4) 174 (0.6) 0.02 71.8
Other problem 3,233 (3.0) 920 (3.1) 0.00 77.8

Attention deficit hyperactivity disorder, yes, n (%) 553 (0.5) 176 (0.6) 0.01 75.9
Autism spectrum disorder, yes, n (%) 1,527 (1.4) 345 (1.2) 0.02 81.6

Discussion
In this large population-level linkage study, we described
successful linkage of school-based developmental with health

administrative databases for kindergarten-aged children in
Ontario, Canada and demonstrated how we can measure
the relationship between medical and social risk factors and
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Table 2: Characteristics of the study cohort used to assess social and medical risk factors for vulnerability

Socio-demographics

Sex
Female, n (%) 50,308 (48.4%)
Male, n (%) 53,640 (51.6%)

Age at completion of EDI
Mean ± SD 5.68± 0.29
Median (IQR) 6 (5-6)

Place of birth
Ontario 91,734 (88.2)
Immigrant 3,898 (3.7)
Home Birth 2,854 (2.7)
Inter-provincial migrant 5,462 (5.2)

Rural residence

No, n (%) 93,996 (90.4%)
Yes, n (%) 9,931 (9.6%)
Missing 21 (0.0%)

Ontario Marginalization Index
Material Deprivation Quintile
Quintile 1 (lowest), n (%) 24,199 (23.3%)
Quintile 2, n (%) 22,636 (21.8%)
Quintile 3, n (%) 19,314 (18.6%)
Quintile 4, n (%) 17,729 (17.1%)
Quintile 5, n (%) 19,768 (19.0%)
Missing, n (%) 302 (0.3%)

Medical risk factors

Congenital anomalies
No, n (%) 99,337 (95.6%)
Yes, n (%) 2,004 (1.9%)
Missing 2,607 (2.5%)

ADG minor illness child
No, n (%) 92,944 (89.4%)
Yes, n (%) 8,397 (8.1%)
Missing 2,607 (2.5%)

ADG major illness child
No, n (%) 94,728 (91.1%)
Yes, n (%) 6,613 (6.4%)
Missing 2,607 (2.5%)

Prolonged hospitalization (6+ days)
No, n (%) 96,861 (93.2%)
Yes, n (%) 4,480 (4.3%)
Missing 2,607 (2.5%)

Any ICU hospitalization
No, n (%) 99,216 (95.4%)
Yes, n (%) 2,125 (2.0%)
Missing 2,607 (2.5%)

Social risk factors

History of maltreatment
No 102,486 (98.6%)
Yes 1,462 (1.4%)

Income Assistance
No, n (%) 90,732 (87.3%)
Yes, n (%) 13,216 (12.7%)

Continued
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Table 2: Continued.

Health care use

Annual physician visits
Mean ± SD 6.20 ± 3.74
Median (IQR) 5 (4-8)

Received 18-month enhanced well baby visit
No, n (%) 54,987 (52.9%)
Yes, n (%) 46,354 (44.6%)
Missing 2,607 (2.5%)

Table 3: Agreement of conditions commonly reported in the early development instrument with the condition’s identification in
administrative data

Administrative health data

Yes No Total
Concordance

Anxiety
Yes 60 63 123 PPV 48.8%

EDI No 8,618 95,207 103,825 NPV 91.6%
Total 8,678 95,270 103,948 Kappa (95% CI) 0.01 (0.01 – 0.01)

Asthma
Yes 107 7 114 PPV 93.9%

EDI No 30,622 73,212 103,834 NPV 70.4%
Total 30,729 73,219 103,948 Kappa (95% CI) 0.01 (0.00 – 0.01)

Attention Deficit Hyperactivity Disorder
Yes 340 209 549 PPV 61.9%

EDI No 3,442 99,957 103,399 NPV 96.7%
Total 3,782 100,166 103,948 Kappa (95% CI) 0.15 (0.14 – 0.16)

Autism Spectrum Disorder
Yes 1,343 160 1,503 PPV 89.4%

EDI No 1,600 100,845 102,445 NPV 98.4%
Total 2,943 101,005 103,948 Kappa (95% CI) 0.60 (0.58 – 0.61)

Cerebral Palsy
Yes 89 8 97 PPV 91.8%

EDI No 336 103,515 103,851 NPV 99.7%
Total 425 103,523 103,948 Kappa (95% CI) 0.34 (0.29 – 0.39)

PPV – positive predictive value, NPV – negative predictive value, CI – confidence interval.

vulnerability. Overall linkage rates for the 2015 Ontario EDI
and RPDB databases were good at 78.1% using deterministic
linkage with exact match on birth date, sex, and postal
code. Comparison of the linked and unlinked files suggests
few systematic biases exist when linking these data. No
differences between children with linked and unlinked records
were observed for most socio-demographic characteristics and
the proportion of children considered vulnerable in any domain.
However, we showed linked data marginally under-represented
the proportion of children in the lowest neighbourhood income
quintile and compared to unlinked, children with linked records
had slightly higher mean domain scores for physical health
and well-being, social competence, and language and cognitive
development. Comparison of teacher-reported data with
administrative health data for specific disease cohorts suggests
that universally, health conditions identified in administrative
health data were infrequently recorded in the EDI but there

was high positive predictive value for some cohorts, including
asthma, ASD, and cerebral palsy. Among children with medical
risk, as well as among those with social risks, there were higher
percentages of children with developmental vulnerabilities than
among those without risks. In addition, our results showed that
children with three or more social risk factors, regardless of
the number of medical risk factors had a greater proportion
who were vulnerable compared to children with any number
of medical risk factors.

The overall linkage rate for the EDI and RPDB data
was comparable to other record linkage studies using health
and administrative data [25, 40, 41]. The linkage statistics
are important for understanding potential biases in future
studies using school-based data linked to health data and
are increasingly required by researchers for publication [42].
Children living in the lowest income neighbourhoods and with
greatest vulnerability scores had the lowest linkage rates.
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Table 4: Number of domains with reported vulnerability for the 2015 early development instrument cohort overall and by medical
and social risk factors

Number of domains with vulnerability (<10th percentile), n (%)
0 1 2 3 4 5 Total

Total 72,418 (69.7) 15,039 (14.4) 7,240 (7.0) 4,392(4.2) 2,852 (2.7) 2,007 (1.9) 103,948 (100)

Medical Risk Factors
∗Prematurity

Very preterm (< 28 weeks) 100 (45.9) 38 (17.4) 29 (13.3) 23 (10.6) 14 (6.4) 14 (6.4) 218 (100.0)
Preterm (28 to 36 weeks) 3,871 (63.4) 988 (16.2) 485 (7.9) 336 (5.5) 241 (3.9) 185 (3.0) 6,106 (100.0)

∗Birth weight
Very low birth weight (< 1500 g) 309 (51.0) 99 (16.3) 64 (10.6) 56 (9.2) 41 (6.8) 37 (6.1) 606 (100.0)
Low birth weight (< 2500 g) 2,544 (63.0) 639 (15.8) 325 (8.1) 231 (5.7) 161 (4.0) 135 (3.3) 4,035 (100.0)

∗Neonatal ICU at birth (3+ days) 3,387 (59.9) 881 (15.6) 514 (9.1) 366 (6.5) 278 (4.9) 228 (4.0) 5,654 (100.0)
Congenital anomaly 1,083 (54.0) 311 (15.5) 180 (9.0) 144 (7.2) 140 (7.0) 146 (7.3) 2,004 (100.0)
Major illness 3,759 (56.8) 1,033 (15.6) 595 (9.0) 416 (6.3) 414 (6.3) 396 (6.0) 6,613 (100.0)
Prolonged hospitalization (6+ days) 2,562 (57.2) 748 (16.7) 382 (8.5) 285 (6.4) 249 (5.6) 254 (5.7) 4,480 (100.0)
Any ICU hospitalization 1,170 (55.1) 350 (16.5) 203 (9.6) 136 (6.4) 136 (6.4) 130 (6.1) 2,125 (100.0)

Social Risk Factors
Child or mother is a refugee 2,119 (63.0) 527 (15.7) 308 (9.2) 196 (5.8) 121 (3.6) 95 (2.8) 3,366 (100.0)
∗Infant discharged to social services at birth 25 (32.1) 14 (17.9) 16 (20.5) 8 (10.3) 6 (7.7) 9 (11.5) 78 (100.0)
Child history of maltreatment 796 (54.4) 267 (18.3) 153 (10.5) 113 (7.7) 72 (4.9) 61 (4.2) 1,462 (100.0)

Low neighbourhood level income
Quintile 1 (lowest) 11,334 (60.0) 3,228 (17.1) 1,772 (9.4) 1,150 (6.1) 791 (4.2) 610 (3.2) 18,885 (100.0)
Quintile 2 12,458 (66.0) 3,047 (16.1) 1,459 (7.7) 876 (4.6) 610 (3.2) 435 (2.3) 18,885 (100.0)
Quintile 3 15,051 (71.0) 2,920 (13.8) 1,433 (6.8) 888 (4.2) 549 (2.6) 364 (1.7) 21,205 (100.0)
Quintile 4 16,837 (73.2) 3,092 (13.4) 1,368 (5.9) 845 (3.7) 515 (2.2) 358 (1.6) 23,015 (100.0)
Quintile 5 (highest) 16,695 (76.2) 2,748 (12.6) 1,203 (5.5) 628 (2.9) 384 (1.8) 238 (1.1) 21,896 (100.0)

Income Assistance 6,232 (47.2) 2,637 (20.0) 1,597 (12.1) 1,202 (9.1) 831 (6.3) 717 (5.4) 13,216 (100.0)
∗Mother’s age at first birth < 19 years 2,227 (47.6) 989 (21.1) 579 (12.4) 392 (8.4) 270 (5.8) 220 (4.7) 4,677 (100.0)
∗Mother with 4+ children 3,371 (58.8) 1,041 (18.2) 537 (9.4) 343 (6.0) 255 (4.4) 184 (3.2) 5,731 (100.0)
∗Mother 10+ medical comorbidities 24,032 (66.3) 5,677 (15.7) 2,785 (7.7) 1,777 (4.9) 1,142 (3.2) 826 (2.3) 36,239 (100.0)
∗Mother history of mental illness 28,255 (66.9) 6,491 (15.4) 3,149 (7.5) 2,025 (4.8) 1,327 (3.1) 1,004 (2.4) 42,251 (100.0)
∗Mother history of assault 22 (34.9) 15 (23.8) 12 (19.0) - - 7 (11.1) 63 (100.0)

Small cell sizes (< 6) suppressed as per institutional policy.
∗Data only available for children born in Ontario as variable based on birth hospitalization record or maternal record linkage with
infant birth hospitalization.

Others have found that incomplete records were less likely
to match and were often related to social disadvantage [43,
44]. Frequent residential mobility, which is common in early
childhood [45, 46], is associated with increased risk of
poor physical and/or mental health and such children are
overrepresented in low income families, children with no fully
employed adult in the household, and children in single-parent
households [45–47]. Residential mobility, including a short
period of time in class (< one month) before the EDI
completion, may have contributed to unlinked records and
vulnerability findings based on our inability to match on postal
code in the RPDB and EDI where updates to each database
may not occur simultaneously. Adding the 2014 postal code
file mitigated this with a 4% improvement in linkage rates.
Further work to advance linkage using surname and first
name identifiers would likely improve linkage but these are
not currently available with existing government and data
protection regulations for use of individual-level data.

We explored the concordance of records of medical
conditions between EDI databases and administrative health
records, acknowledging that neither can be considered
definitive. The positive predictive values were lowest for
anxiety (48.8%) and ADHD (61.9%). In contrast, ASD had
a positive predictive value of 89.4%. This may be explained by

several factors. First, while some conditions are symptomatic
in kindergarten-age children, they may not have been brought
to the attention of a teacher yet and therefore not recorded
in the EDI. Conversely, in some situations, conditions may be
communicated to teachers before a medical diagnosis is made.
With ADHD and anxiety, for example, symptoms are often
present in young children but formal diagnosis and reporting
to the school may not occur until primary grades [48]. With
asthma, though highly prevalent in young children, because it
does not typically affect day-to-day learning, a teacher may not
be made aware of a child’s condition, especially if mild [49]. In
contrast, ASD is often diagnosed by age 4 years [50], prior to
Year 2 (senior) kindergarten, and typically requires additional
developmental supports of which the teacher is aware. Thus, it
may be more commonly recorded in the EDI relative to other
childhood conditions.

In children with at least one medical risk factor and no
social risk factors, 27.9% were vulnerable on at least one
domain, a proportion that increased to 35.5% when three or
more medical risk factors were present. These are proportions
similar to those reported in studies in Manitoba, Canada
and South Australia of children with perinatal medical risk
factors (e.g. low birth weight and neonatal intensive care
unit stay) [30, 51]. For such children, robust and universal
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Figure 3: Proportion of kindergarten students with linked Early Development Instrument records with vulnerability in one or more
domains by the number of social and medical risk factors

systems exist to ensure an optimal developmental trajectory,
particularly for those who have neonatal risk with established
provincial or national neonatal neurodevelopmental follow
up systems [52, 53]. In contrast, among children with at
least one social risk factor, 27.0% were vulnerable on at
least one domain, and where there were three social risk
factors, this number rose to 47.5% - all in the absence of
medical risk factors. While some universal programming to
optimize developmental trajectories exist for those with social
risk (e.g. Ontario’s Health Babies Healthy Children, British
Columbia’s Early Years Program), they do not match the
comprehensiveness and strength of established programs for
medical risk in Ontario and elsewhere in Canada [54, 55].
Our findings showing the relative importance of cumulative
social risks in comparison with medical ones in a population
of kindergarten children in Ontario, together with studies
from across North America and Australia, point to the
universality of these phenomena in children’s developmental
trajectories [30, 51, 56, 57]. Further, we have shown the
proportion of the population with social compared with
medical risk factors is large. Such a finding underscores the
importance of evaluation of social risk factors in clinical
assessments to identify young children at risk of poor
health and educational outcomes [58]. Using population level
developmental and health data to understand how social
and medical risks stack up to contribute to vulnerability
highlights where gaps and opportunities exist to enhance
and target programming for at-risk children to optimize early
development.

While linkage of developmental and health data offers
unprecedented opportunities to elucidate the impact of
prenatal and postnatal social and medical exposures on early
childhood development, our linkage is not without limitations.
EDI data are collected in publicly funded schools only. Even
though in Ontario this means inclusion of about 90% of the
cohort, it does exclude data on children attending private
schools or schools in First Nations communities [28]. There
are also inherent limitations of administrative databases:
diagnoses made and services delivered outside the medical

billing structure are not included, and children in unstable
living circumstances (e.g. children discharged to social
services from the birth hospitalization) may not have medical
records and thus their records could not be linked thereby
underestimating the full impact of social risk on vulnerability
measured in the EDI. All these factors may have limited
the generalizability of our findings, even though they are
similar to findings with other cohorts. In addition, some social
and medical risk factors are based on maternal or perinatal
information. Consequently, we underestimated the true burden
of such risk factors for immigrants, interprovincial migrants,
and children born out of hospital. We developed weighted
measures of medical risk, based on clinical plausibility and
feasibility of obtaining such information using administrative
data though such weights have not been validated.

Conclusions

Deterministic linkage of school-based developmental and
health administrative data allows for efficiency in augmenting
our understanding of pathways towards healthy early childhood
development. Good linkage rates suggest deterministic linkage
is adequate to link EDI with health data with small systematic
biases in linked versus unlinked records using very few
identifiers. Knowledge of potential bias in unlinked records
is becoming increasingly important and we have shown
that linked EDI data provide a representative resource for
understanding early child development using health and
demographic data. As in other jurisdictions, we have shown
social risk plays an important role in childhood development
and should be a priority area for intervention.
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Supplementary Appendix A: Definitions of medical and social risk factors based on health and administrative data

Variable name Definition Score

Medical risk factors
Premature birth Very preterm: < 28 weeks gestation

Preterm: 28 to ≤ 36 weeks gestation
2
1

Low birth weight Very low birth weight: < 1500 g
Low birthweight: 1500 - < 2500 grams

2
1

ICU at birth Child spent 3 or more days in a neonatal intensive care nursery during the
birth hospitalization.

1

Congenital
anomaly

Any one of a list of validated ICD-10-CA diagnosis codes and emergency
department or hospitalization discharge record from birth to the child’s 4th

birthday.

1

Major illness 2 or more major aggregated diagnosis groups (ADG) from birth to the child’s
4th birthday. ADG groups considered major are: 3, 9, 11, 12, 13, 18, 25 and
32

1

Hospitalized 6+ Child spent 6 or more days in hospital from birth to the child’s 4th birthday. 1
ICU stay Child was ever admitted to an intensive care unit from birth discharge date

to the child’s 4th birthday
1

Social risk factors
Refugee Child or mother was an immigrant to Ontario where Immigration category

was ‘Resettled Refugee’
1

Discharged to
social services

Child discharged to social services from birth hospitalization. Information only
available for children born in Ontario.

1

Maltreatment Physician visit, an emergency department visit or hospitalization as a result
of intentional maltreatment, adverse circumstances, or violence, from birth to
the child’s 4th birthday.

1

Low income Child resided in the lowest neighbourhood quintile based on postal code at
the EDI completion date.

1

Income
assistance

Child or their mother received prescription drug coverage from the Ontario
Drug Benefit Plan at any time between the child’s birth date to their 4th

birthday.

1

Mother’s age at
first birth

Mother’s age at first delivery < 19 years. 1

Mother’s parity
status

Mother had 4 or more children as of the child’s 4th birthday including the
index child.

1

Mother’s
comorbidity

Mother had 10+aggregated diagnosis groups (ADG) in the post-natal period
(child’s birthdate to their 4th birthday) excluding ADG 33 (pregnancy) and
ADG 34 (dental).

1

Mother’s history
of mental illness

Mother had a history of any mental illness (physician visit, ER visit,
hospitalization) in the 2-years before the child’s birth or from the child’s birth
to their 4th birthday.

1

Mother’s history
of assault

Mother had a history of experiencing assault (ER visit or hospitalization) in the
2-years before the child’s birth or from the child’s birth to their 4th birthday.

1

Other variables used
Anxiety A physician office visit, ER visit or hospitalization with a diagnosis of anxiety

occurring before or up to two years after the EDI completion date.
NA

Asthma Any child with one hospitalization with an asthma diagnosis or two physician
billing claims with an asthma diagnosis within two years of EDI completion.

NA

Attention deficit
hyperactivity
disorder

A physician office visit, emergency room visit or hospitalization with a
diagnosis of ADHD occurring before or within 2 years of the EDI completion
date.

NA

Autism spectrum
disorder

A physician office visit, emergency room visit or hospitalization with a
diagnosis of ASD occurring before or within 2 years of the EDI completion
date.

NA

Cerebral palsy A physician office visit, emergency room visit, hospitalization with a diagnosis
of cerebral palsy occurring before or within 2 years of the EDI completion
date.

NA
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Supplementary Appendix B: Detailed baseline characteristics of linked children and who completed the EDI and included in study,
2015, n = 103, 948

Socio-demographics

Sex
Female, n (%) 50,308 (48.4)
Male, n (%) 53,640 (51.6)

Age at completion of EDI
Mean ± SD 5.68 ± 0.29
Median (IQR) 6 (5-6)

Place of birth
Ontario 91,734 (88.2)
Immigrant 3,898 (3.7)
Home Birth 2,854 (2.7)
Inter-provincial migrant 5,462 (5.2)

Rural Residence
No, n (%) 93,996 (90.4)
Yes, n (%) 9,931 (9.6)
Missing, n (%) 21 (0.0)

Ontario Marginalization Index Material Deprivation Quintile
Quintile 1 (lowest), n (%) 24,199 (23.3)
Quintile 2, n (%) 22,636 (21.8)
Quintile 3, n (%) 19,314 (18.6)
Quintile 4, n (%) 17,729 (17.1)
Quintile 5, n (%) 19,768 (19.0)
Missing, n (%) 302 (0.3)

Neighbourhood Income Quintile
Quintile 1 (highest), n (%) 18,885 (18.2)
Quintile 2, n (%) 18,885 (18.2)
Quintile 3, n (%) 21,205 (20.4)
Quintile 4, n (%) 23,015 (22.1)
Quintile 5, n (%) 21,896 (21.1)
Missing, n (%) 62 (0.1)

Medical risk factors
∗Prematurity

Very preterm (< 28 weeks) 218 (0.2)
Preterm (28 to 36 weeks) 6,106 (6.7)
Term (37 weeks +) 85,364 (93.1)
Missing 46 (0.1)

∗Birth weight
Very low birth weight (<1500 g) 606 (0.7)
Low birth weight (<2500 g) 4,035 (4.4)
Normal birth weight (≥2500 g) 87,076 (94.9)
Missing 17 (0.0)

∗Neonatal intensive care unit stay
No, n (%) 86,080 (93.8)
Yes, n (%) 5,654 (6.2)
Missing, (%) 0

Congenital anomalies
No, n (%) 99,337 (95.6)
Yes, n (%) 2,004 (1.9)
Missing 2,607 (2.5)

ADG minor illness child
No, n (%) 92,944 (89.4)
Yes, n (%) 8,397 (8.1)
Missing 2,607 (2.5)

Continued
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Supplementary Appendix B: Continued

Medical risk factors

ADG major illness child
No, n (%) 94,728 (91.1)
Yes, n (%) 6,613 (6.4)
Missing 2,607 (2.5)

Prolonged hospitalization (6+ days)
No, n (%) 96,861 (93.2)
Yes, n (%) 4,480 (4.3)
Missing 2,607 (2.5)

Any ICU hospitalization
No, n (%) 99,216 (95.4)
Yes, n (%) 2,125 (2.0)
Missing 2,607 (2.5)

Social risk factors

*Infant discharged to social services at birth
No, n (%) 91,656 (99.9)
Yes, n (%) 78 (0.1)
Missing, n (%) 0 (0.0)

*Mother history of pre- or post-natal mental illness
No, n (%) 47,961 (52.3)
Yes, n (%) 42,251 (46.1)
Missing, n (%) 1,522 (1.7)

*Mother history of assault
No, n (%) 90,149 (98.2)
Yes, n (%) 63 (0.1)
Missing, n (%) 1,522 (1.7)

*Mother 10+ medical comorbidities
No, n (%) 53,973 (58.8)
Yes, n (%) 36,239 (39.5)
Missing, n (%) 1,522 (1.7)

Child or mother refugee
No, n (%) 99,060 (95.3)
Yes, n (%) 3,366 (3.2)
Missing, n (%) 1,522 (1.5)

*Mother’s age at first birth < 19 years
No, n (%) 89,620 (97.6)
Yes, n (%) 4,677 (5.1)
Missing, n (%) 2,114 (2.3)

*Mother with 4+ children
No, n (%) 83,881 (91.4)
Yes, n (%) 5,731 (6.2)
Missing, n (%) 2,122 (2.3)

History of maltreatment
No 102,486 (98.6)
Yes 1,462 (1.4)
Missing, n (%) 0 (0.0)

Income Assistance
No, n (%) 90,732 (87.3)
Yes, n (%) 13,216 (12.7)
Missing, n (%) 0 (0.0)

Continued
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Supplementary Appendix B: Continued

Health care use

Annual physician visits
Mean ± SD 6.20± 3.74
Median (IQR) 5 (4-8)

Received 18-month enhanced well baby visit
No, n (%) 54,987 (52.9)
Yes, n (%) 46,354 (44.6)
Missing 2,607 (2.5)

∗Data only available for children born in Ontario as variable based on birth hospitalization record or maternal record linkage with
infant birth hospitalization.

Supplementary Appendix C: Number and proportion of children with a linked EDI record with no, at least one, and two or more
medical or social risk factors

Medical risk factors Social risk factors

n % of children n % of children

No risk factors 88,647 85.3 36,488 35.1
At least one risk factor 15,301 14.7 67,460 64.9
Two or more risk factors 9,752 5.3 32,058 34.1
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