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Abstract

Background
The linkage of records across administrative databases has become a powerful tool to increase
information available to undertake research and analytics in a privacy protective manner.

Objective
The objective of this paper was to describe the data integration strategy used to link the Ontario
Ministry of Children, Community and Social Services (MCCSS)-Social Assistance (SA) database
with administrative health care data.

Methods
Deterministic and probabilistic linkage methods were used to link the MCCSS-SA database (2003-
2016) to the Registered Persons Database, a population registry containing data on all individuals
issued a health card number in Ontario, Canada. Linkage rates were estimated, and the degree of
record linkage and representativeness of the dataset were evaluated by comparing socio-demographic
characteristics of linked and unlinked records.

Results
There were a total of 2,736,353 unique member IDs in the MCCSS-SA database from the 1st January
2003 to 31st December 2016; 331,238 (12.1%) were unlinked (linkage rate = 87.9%). Despite 16
passes, most record linkages were obtained after 2 deterministic (76.2%) and 14 probabilistic passes
(11.7%). Linked and unlinked samples were similar for most socio-demographic characteristics (i.e.,
sex, age, rural dwelling), except migrant status (non-migrant versus migrant) (standardized difference
of 0.52). Linked and unlinked records were also different for SA program-specific characteristics, such
as social assistance program, Ontario Works and Ontario Disability Support Program (standardized
difference of 0.20 for each), data entry system, Service Delivery Model Technology only and
both Service Delivery Model Technology and Social Assistance Management System (standardized
difference of 0.53 and 0.52, respectively), and months on social assistance (standardized difference
of 0.43).

Conclusions
Additional techniques to account for sub-optimal linkage rates may be required to address potential
biases resulting from this data linkage. Nonetheless, the linkage between administrative social
assistance and health care data will provide important findings on the social determinants of health.
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Introduction

In Canada, universal health care is delivered through provincial
and territorial publicly funded health care systems, which,
in turn, collect administrative data that reflect patients’
interactions with the health care system across multiple
sectors (e.g., inpatient and ambulatory care) and over
time. In Ontario, Canada’s most populous province with
over 14.5 million residents, the Ontario Ministry of Health
collects data on the health care utilisation of all legal
residents eligible for public health care insurance. Under
section 45 of Ontario’s Personal Health Information Protection
Act (PHIPA) [1], ICES, an independent non-profit research
institute, is a prescribed entity whose legal status under
Ontario’s health information privacy law allows it to collect,
use, and disclose personal health information from health
information custodians, without consent, for the evaluation,
planning and/or monitoring of the health system. To ensure
the privacy and protection of data, ICES implements a series of
physical and logical controls to govern access to information,
like the use of secure zones within ICES facilities, complex
passwords, and encryption. The use of these data has enabled
scientists to answer important policy-relevant questions across
different disciplines such as health services research, health
economics, epidemiology and public health [2–5].

In recent years, there has been a growing interest in
examining social determinants of health [6] defined by the
World Health Organization as “the conditions in which people
are born, grow, live, work and age” [7], which lie outside of the
health care sector. The social and economic conditions of an
individual are known to substantially impact health outcomes
[8, 9]. Within this context, researchers have been interested
in understanding the relationship between the receipt of
social assistance, typically provided to an economically
disadvantaged segment of the population, and their health
(such as injuries and substance use) and health care use
[10, 11]. However, the lack of reliable and comprehensive
data in most regions in Canada has made it difficult to
examine the characteristics and outcomes of social assistance
recipients. Most Canadian research on social assistance has
relied on self-reported population survey data, such as the
Survey of Labour and Income Dynamics and the Canadian
Community Health Survey [12]. These data are limited by poor
response rates, potentially unreliable responses due, in part,
to social desirability bias, and biased samples, due to possible
underrepresentation of respondents with lower socioeconomic
status who may not have the means to participate in surveys
[13]. At least one other Canadian province, Manitoba, has
been successful in linking administrative health care data to
administrative social assistance data [14], which has resulted
in work characterising health outcomes in social assistance
recipients [15] and the evaluation of a number of health
care programs in this population, such as the impact of an
unconditional prenatal benefit initiative [16].

The linkage of records across administrative databases
has become a powerful tool to increase the amount of
information available on individuals for research and analytics,
going beyond any individual data source in isolation [17,
18]. For example, in Ontario the linkages of administrative
health care databases to the Immigration, Refugees and
Citizenship Canada permanent residents data [19], the Office

of the Registrar General’s Vital Statistics Death Registry
[19], and the federal Indian Register [20] have produced
important evidence that can be used to inform policy.
The Ontario Ministry of Children, Community and Social
Services, which administers social assistance programs in
the province, partnered with ICES to address the need for
more comprehensive data to support decision-making, policy
development, and service provision relevant to the health and
well-being of individuals living in Ontario.

In this paper, we describe the data integration strategy
used to prepare the Ministry of Children, Community and
Social Services (MCCSS)-Social Assistance (SA) database for
research through record linkage with the administrative health
care databases held at ICES. We further evaluate the degree
of record linkage and the representativeness of the dataset by
comparing the socio-demographic characteristics of linked and
unlinked records.

Methods

Data sources

Administrative health care data housed at ICES

The data repository at ICES consists of individual record-
level, coded, and linkable health datasets. It includes data on
most publicly funded health services for the Ontario population
eligible for universal health care coverage since 1986 and is
capable of integrating analytics-specific data, registries and
surveys. These health service records reflect Ontarians’ day-
to-day interactions with the health care system, including
physician claims submitted to the Ontario Health Insurance
Plan, drug claims submitted to the Ontario Drug Benefit
Program, discharge abstracts of hospital stays and emergency
department visits, and records for home and long-term care.
All databases collected from health information custodians can
be linked using unique encoded identifiers, termed ICES key
numbers (IKNs), which are generated using a secure ICES
algorithm based on an individual’s health card number.

Administrative social assistance data from MCCSS

Ontario has two social assistance programs, which provide
income and employment support to single adults and families
who are in financial need: Ontario Works (OW), which provides
financial and employment assistance to help people move
towards paid employment and independence, and the Ontario
Disability Support Program (ODSP), which provides financial
assistance and employment support to enable individuals
with disabilities and their families to live as independently
as possible in their communities. To qualify, generally, an
applicant must be 18 years or older, meet a financial/asset
threshold, be a legal resident of Canada, and live in Ontario
in the geographic area where they applied for SA. In addition,
ODSP applicants must meet the definition of a person with a
disability as defined by the ODSP Act, 1998 (ODSP Act), or be
a member of a “prescribed class” [21]. Unless the requirement
is deferred or waived, adults receiving financial assistance
under OW, ODSP dependent adults, and ODSP non-disabled
spouses without caregiving responsibilities must agree to
participate in approved employment assistance activities as a
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condition of eligibility for assistance (e.g., job search). OW
and ODSP also provide additional benefits (e.g., prescription
drug coverage). Monthly financial assistance is paid to families
or households, known as “benefit units” (BU), which include
the SA applicant, spouse, and dependents residing with them
(if any). In most cases, each record in the MCCSS database
represents a month where SA was received (i.e., the individual
or family was eligible to receive SA), with monthly records
listed for all members of the BU.

In November 2014, the Social Assistance Management
System (SAMS) replaced the Service Delivery Model
Technology (SDMT) as the technology supporting the
administration of social assistance in Ontario. With this
change, some variables were either added or removed, and
coding practices were modified. In December 2018, records
on SA recipients in Ontario from 1st January 2003 to 31st

December 2016 were transferred to ICES using multiple
files grouped into broad categories: BU characteristics;
characteristics of members of a BU; pay/income details
(types and amounts covering a specific month); OW-specific
variables (e.g., job-search activities); and ODSP-specific
variables (e.g., disability indicator and associated diagnosis).
To enable seamless linkage and analyses, ICES developed the
MCCSS-SA standalone dataset, which contains a minimum
set of variables required for analtytic purposes, including
member characteristics (sex, age, marital status, member
role - applicant/spouse/dependent), BU-level characteristics
(family size and composition, postal code of residence and
accommodation status), and administrative details, including
program (OW and/or ODSP), and the amount of monthly
financial assistance provided. Figure 1 describes the steps
taken in the data pre-processing linkage process for the
MCCSS-SA input file.

Record linkage methods

Spine-based record linkage involves matching records in a
database to records in a population registry (i.e., the spine),
and creating a unique encoded identifier. The spine-based
record linkage model at ICES follows the Fellegi-Sunter
method [22]. There are two common types of record linkage
methods: deterministic linkage and probabilistic linkage.
Deterministic linkage consists of exact matching on a single
field (e.g., health card number), or a combination of fields,
and typically yields about 70%–85% matches. When unique
identifiers are not available in the data or deterministic record
linkage is not possible, probabilistic record linkage may be used
to obtain additional matches [23, 24]. Probabilistic linkage
estimates the likelihood that two records belong to the same
individual and is based on probability theory; it typically
contributes about 10%-20% of matches.

The Registered Persons Database is a population-
based registry [25], which includes information on every
unique individual ever assigned a health card number in
Ontario, containing records for over 14 million individuals.
The Registered Persons Database also contains data on
demographics and personally identifiable information (e.g.,
surname, given names, sex, date of birth, earliest date of
coverage, last date of contact with the health care system
and residential postal code), which enables linkage across
data holdings in the ICES data repository. To undertake data

linkage, two types of variables are typically used: blocking
variables, which consist of data fields that limit the number
of comparisons by examining only records agreeing exactly
on a given value of a blocking variable, and matching
variables, which are those with common fields in both datasets
and are used for comparing outcomes (e.g., agreement,
disagreement, and partial agreements). Comparison outcomes
contribute weights (agreements generate positive weight
scores; disagreements generate negative weight scores), where
the higher the weight, the higher the likelihood the record pair
belongs to the same person. The success of record linkages
is dependent on the quality of the individual data sources
and identifiers as well as the accuracy of the record linkage
process, which many times involves manual review. The goal
is to reduce the number of mismatches and unlinked records
and, in turn, reduce the potential for biases [26, 27], which
may be created through the exclusion of unlinked records from
study analyses and impact representativeness. The importance
of reporting record linkage results has been highlighted in the
RECORD reporting guidelines for studies using administrative
health data [28].

The MCCSS-SA dataset was linked to the Registered
Persons Database using a “many to 1” hybrid linkage matching
approach [29], which allows multiple MCCSS-SA records
to match to the same health card number using first a
deterministic linkage approach followed by a probabilistic
linkage approach. Surname, first and second given names, sex,
date of birth (including day, month and year), date of death
(where applicable), and residential postal code were used as
blocking and matching variables. In some cases, extracted
personal identifiers were used to match with additional
data standardisation of surnames to increase record linkage
rates through the implementation of the New York State
Identification and Intelligence System phonetic conversion
[30]. The flowchart in Figure 2 provides a description of the
linkage process.

Statistical analysis

After record linkage between the MCCSS-SA data and the
Registered Persons Database was completed, health card
numbers, retrieved from the record linkage process, were
encoded as ICES key numbers (IKNs) and all direct personal
identifiers (e.g., names, health card numbers, addresses)
were removed to produce a less identifiable dataset. To
calculate linkage rates, we examined the number of records
linked by deterministic and probabilistic record linkages in
each step of the process, as well as the linkage rates over
time. If a member identifier in the MCCSS-SA dataset
was attached to multiple records in the latest month, the
first applicant record was kept, followed by the spouse, the
dependent adult, and finally the dependent child. If there
was more than one record with the same member role, the
ODSP record was prioritised. Cases where an ICES unique
identifier (i.e., IKN) could not be attached to the record
through linkage to the Registered Persons Database were
considered unlinked. To assess the representativeness of the
linked dataset, we then examined the socio-demographic and
program-specific characteristics (contained in the minimum
MCCSS-SA dataset, as described above) of linked versus
unlinked individuals. Given the very large sample sizes, p-values
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Figure 1: Pre-processing linkage steps for the Ministry of Children, Community and Social Services – Social Assistance input file

Legend: bu – benefit unit; SDMT – Service Delivery Model Technology; SAMS – Social Assistance Management System; NYSIIS
– New York State Identification and Intelligence System; dolc – date of last contact; dob – date of birth.

were not used for statistical testing; instead, prevalence
estimates between the linked and unlinked samples were
compared using standardized differences to assess systematic

bias as suggested by Cohen [31], with 0.2, 0.5 and
0.8 representing small, moderate and large standardized
differences, respectively.
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Figure 2: Linkage process for Ministry of Children, Community and Social Services – Social Assistance data

Legend: MCCSS – Ministry of Children, Community and Social Services; SA – Social Assiatance; SDMT – Service Delivery Model
Technology; SAMS – Social Assistance Management System; RPDB – Registered Persons Database; IKN – ICES key number.

Results

There were a total of 2,736,353 unique member IDs in
MCCSS-SA dataset from the 1st January 2003 to 31st

December 2016, where 331,238 (12.1%) unique member IDs
were unlinkable, for a total linkage rate of 87.9% (Table 1).
Three quarters (76.2%) of records were obtained through
deterministic linkage while the remaining 11.7% of records
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Table 1: Socio-demographic and program-specific characteristics of linked and unlinked individuals in the Ministry of Children,
Community and Social Services-Social Assistance – Registered Persons Database linkage (1st January 2003 – 31st December 2016)

Socio-demographic and program-specific characteristics
Linked sample Unlinked sample

Standardized differenceN % N %

Overall 2,405,115 87.9 331,238 12.1 N/A
Program

Ontario Works 1,630,744 67.8 254,119 76.7 0.20
Ontario Disability Support Program 774,371 32.2 77,119 23.3 0.20

Member role
Applicant 1,433,505 59.6 149,495 45.1 0.29
Spouse 195,181 8.1 29,156 8.8 0.02
Dependent adult 120,574 5.0 22,782 6.9 0.08
Dependent child 655,855 27.3 129,805 39.2 0.26

Sex
Male 1,210,680 50.3 127,502 38.5 0.24
Female 1,154,547 48.0 137,660 41.6 0.13
Unknown 39,888 1.7 66,076 19.9 0.62

Age
Mean (SD) 31.01 ± 19.47 25.39 ± 18.17 0.30
Median (IQR) 29 (16-47) 22 (11-38) 0.30

Migrant status
N/A (Canadian-born and long-term residents) 1,731,689 72.0 184,830 55.8 0.34
All other (immigrants and refugees) 673,426 28.0 146,408 44.2 0.34

Rural dwelling
Yes 216,878 9.0 21,109 6.4 0.10
No 2,168,548 90.2 306,977 92.7 0.09
Missing 19,689 0.8 3,152 1.0 0.01

Family composition
Single without children 1,000,286 41.6 99,077 29.9 0.25
Single with children 782,381 32.5 124,509 37.6 0.11
Couples without children 161,980 6.7 19,457 5.9 0.04
Couples with children 460,468 19.1 88,195 26.6 0.18

Accommodation status
Homeless 20,785 0.9 3,767 1.1 0.03
Not homeless 2,384,330 99.1 327,471 98.9 0.03

Data entry system
In SDMT only: January 2003 – October 2014 1,260,419 52.4 255,041 77.0 0.53
In SAMS only: November 2014 – December 2016 263,941 11.0 28,074 8.5 0.08
In both systems 880,755 36.6 48,123 14.5 0.52

Number of months on social assistance
Mean (SD) 49.57 ± 50.02 30.70 ± 37.02 0.43
Median (IQR) 29 (10-77) 17 (6-38) 0.40

Legend: N/A – not applicable; SDMT – Service Delivery Model Technology; SAMS – Social Assistance Management System; SD
– standard deviation; IQR – interquartile range.

was obtained through probabilistic linkage (Table 2). The
vast majority of records were obtained after two deterministic
passes (76.2%) and fourteen probabilistic passes (11.7%). In
total, sixteen passes were required to obtain the total number
of records (2,405,115), using a variety of matching and block
schemes (e.g., surnames, given names, sex, date of birth,
residential postal code).

On average, standardized differences between linked
and unlinked samples were less than 0.1 for most socio-
demographic characteristics (i.e., sex, age and rural dwelling),
except migrant status (standardized difference of 0.52)
(Table 1). The individuals that were successfully linked

were different from those that were not for program-
specific characteristics, such as program, where there were
more individuals in the unlinked group enrolled in the
OW and less enrolled in the ODSP compared to the
linked group (standardized difference of 0.20 for each),
data entry system, SDMT only, or both SDMT and SAMS
(standardized difference of 0.53 and 0.52, respectively),
and months on social assistance (standardized difference of
0.43) (Table 1). Compared to linked member ID, unlinked
individuals were more likely to be on OW, in the SDMT
system only, and to have a shorter duration of social
assistance.

6



de Oliveira, C et al. International Journal of Population Data Science (2022) 7:1:03

Table 2: Deterministic and probabilistic linkage schema used to link the Ministry of Children, Community and Social Services –
Social Assistance database to the Registered Persons Database

Type Total number of records
Linkage type

Total number of linked recordsDeterministic Probabilistic

Unique member ID 2,736,353 2,083,864 321,251 2,405,115
SDMT + SAM (100%) (76.2%) (11.7%) (87.9%)

Pass #
Linkage Type (D = Number of records linked Matching and

Deterministic P=Probabilistic) Males Females blocking variables

1 D 1,071,584 983,389 Matching on: Surname 1 + Given Name 1 + Sex + DOB,
Alternate with Given Name 2 (RPDB) and Standardized
Given Name (MCCSS)

2 P 57,711 52,265 Blocking on: Surname 1 first-3 characters + Given Name
1 first-3 characters + DOB + Sex
Matching on: Surname 1 + Given Name 1 + Given Name
2 + Given Name 3

3 P 25,625 25,460 Blocking on: Surname 1 initial + Given Name 1 initial +
DOB + Sex
Matching on: Surname 1 + Standardized Given Name
(MCCSS)/Given Name 1 (RPDB) + Given Name 2 +
Given Name 3

4 P 11,782 10,631 Blocking on: DOB + Sex + Surname 1 initial
Matching on: Surnames + Given Names + Postal Codes

5 P 10,753 10,133 Blocking on: Surname 1 initial + Given Name 1 initial +
Birth Year + Sex
Matching on: Surnames + Given Names + Birth Month
+ Birth Day + Postal Codes

6 P 20,814 2,435 Blocking on: Surname 1 initial + Given Name 1 initial +
Birth Month + Birth Day + Sex
Matching on: Surnames + Given Names + Birth Year +
Postal Codes

7 P 6,478 575 Blocking on: NYSIIS code of Surname 1 + Birth Year +
Sex
Matching on: Surnames + Given Names + Birth Month
+ Birth Day + Postal Codes

8 D 14,439 14,452 Matching on: DOB + Surname 1 + Given Name 1
9 P 5,240 3,298 Blocking on: DOB + Surname 1 initial + Given Name 1

initial
Matching on: Surnames + Given Names +Postal Codes

10 P 2,784 67,136 Blocking on: DOB + Sex
Matching on: Surnames + Given Names + Postal Codes

11 P 1,220 394 Blocking on: Birth Year + Sex
Matching on: Surnames + Given Names + Birth Month
+ Birth Day + Postal Codes

12 P 546 293 Blocking on: Birth Month + Birth Day + Sex
Matching on: Surnames + Given Names + Birth Year +
Postal Codes

13 P 1,972 364 Blocking on: Surname 2 initial (MCCSS)/Surname 1 initial
(RPDB) + DOB
Matching on: Surname 2 (MCCSS)/Surname 1 (RPDB)
+ Given Names + Postal Codes

14 P 51 37 Blocking on: Surname 2 Initial + DOB
Matching on: Surnames + Given Names + Postal Codes

15 P 1,986 898 Blocking on: Birth Year + Given Name 1 initial + NYSIIS
code of Surname 1
Matching on: Surnames + Given Names + Birth Month
+ Birth Day + Postal Codes

Continued.
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Table 2: Continued

Pass #
Linkage Type (D = Number of records linked Matching and

Deterministic P=Probabilistic) Males Females blocking variables

16 P 258 112 Blocking on: Birth Month + Birth Day + Given
Name 1 initial + NYSIIS code of Surname 1
Matching on: Surnames + Given Names + Birth
Year + Postal Codes

Linked Total
1,233,243 1,171,872

2,405,115 (87.9%)

Legend: SAMS – Social Assistance Management System; SDMT – Service Delivery Model Technology; DOB – date of birth;
RPDB – Registered Persons Databas; MCCSS – Ministry of Children, Community and Social Services; NYSIIS – New York State
Identification and Intelligence System.
Notes: Surnames – Array variable of surname; element contains Surname 1 and Surname 2.
Given Names – Array variable of given name; element contains Given Name 1, Given Name 2 and Given Name 3.
Postal Codes – Array variable of postal code; element contains member’s first historic postal code and most recent postal code.
Standardized Given Name – standardized nickname from Given Name 1.

The deterministic linkage rates within the SDMT system
ranged from 74.2% in 2003 to 79.8% in 2014, while these rates
in the SAMS system were 79.3% in 2015 and 77.8% in 2016
(Figure 3). The probabilistic linkage rates within the SDMT
system ranged from 11.6% in 2009 to 12.2% in 2003 while
in the SAMS system they were 11.4% in 2015 and 11.2%
in 2016 (Figure 3). The proportion of unlinked records was
typically higher in the SDMT system (Figure 3).

We also looked at these differences by program
(OW/ODSP) and by year; the differences were quite consistent
(see Appendix Tables A1, A2 in the Appendix).

Discussion

The linkage between the MCCSS-SA and the Registered
Persons Database resulted in a high number of MCCSS-
SA participants successfully linked to health administrative
records (linkage rate = 87.9%) and the linked sample was
reasonably representative of the original MCCSS-SA sample.
However, there were large differences in the linked and
unlinked samples with regard to migrant status such that there
was a greater proportion of migrants (i.e., immigrants and
refugees) in the population receiving SA that were unable to
be linked. There were smaller differences in the linked and
unlinked samples by program and system entry characteristics
as well as by duration on social assistance, such that the
OW records were more likely to be unlinked as was the
case for individuals with SDMT records only, and unlinked
individuals were on social assistance for a shorter period of
time.

The difference in the linked and unlinked samples for
migrants may be due to a number of reasons. For example,
some refugees, such as asylum seekers, are eligible for social
assistance prior to obtaining permanent resident status and
provincial health care benefits; this could explain why these
individuals had a record in the MCCSS-SA data but not in the
ICES data. This difference could also be due to cases where
names were recorded incorrectly. The OW records were more
likely to be unlinked likely because these records are of shorter
duration. This may also be related to the fact that shorter

spells of SA had poorer linkage. In addition, individuals with
SDMT records only were more likely to be unlinked. This
is not surprising given that the SDMT, the old data entry
system, was likely not as good at recording information on
the variables used for linkage; for example, it includes more
free text fields, which can introduce recording errors. In terms
of the SA program variables, while there was not complete
representativeness, to date there has been more interest in
individuals with developmental disabilities [32, 33] and the
ODSP data, which provides information on SA provided to
these individuals. The extent to which these differences may
introduce selection bias will depend on the specific question of
study and the specific population generated from the database.
The high linkage rate may help mitigate against some of
the impacts of these biases, though this will be dependent
on the amount of bias and how focused it is. Thus, it is
important to acknowledge the potential for selection bias
and researchers should seek to address this in their analyses,
if/where applicable.

The linkage between the Registered Persons Database
and the MCCSS-SA data linkage has a few limitations. The
data transferred to ICES are currently only available from
2003 onwards, which limits the how far back researchers
can go to examine SA. We were not able to examine
the representativeness of all variables (e.g., education), as
these were not entered reliably in the SA data (they are
not mandatory for entry). Furthermore, given the switch
in data systems, researchers should be aware that some
comparisons over time may not be possible, in particular when
undertaking longitudinal analyses, which cover the transition
year (i.e., from 2014 to 2015). Finally, while there are currently
limitations on the use of the SA data, there are proposed
legislative changes that will enable their broader use in
Ontario [34].

Nonetheless, despite these limitations, this high linkage
rate will enable scientists to examine one of the many social
determinants of health and answer a series of questions that
have not been possible until now. Few jurisdictions have been
able to undertake this type of data linkage; examples include
the Canadian province of Manitoba [35, 36], Scotland [37] and
Scandinavian countries, such as Sweden [38]. Future work will
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Figure 3: Deterministic linkage, probabilistic linkage and unlinked rates and percentage of unlinked records for the Ministry of
Children, Community and Social Services – Social Assistance by year (2003–2016)

seek to examine the health service use of SA clients and their
characteristics using ICES data as well as explore the inclusion
of additional MCCSS variables into the SA minimum dataset
available to researchers.

Conclusion

We found a high linkage rate between the MCCSS-SA and
ICES administrative health care databases; furthermore, the
linkage was fairly representative of the population of social
assistance recipients. However, given sub-optimal linkage rates
for migrant recipients of social assistance, there is potential for
selection bias. Nonetheless, this linkage represents a significant
advancement in understanding the social determinants of
health and will enable scientists to answer relevant research
questions in the future, recognising the limitations of the data.
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Appendix

Appendix Table 1: Deterministic and probabilistic linkage by social assistance program

Socio-demographic and
Ontario Ontario disability

Standardized
program-specific characteristics

works Support program
differenceN % N %

Overall 1,884,863 68.9% 851,490 31.1%

Linkage result
Linked 1,630,743 86.5% 774,372 90.9% 0.14
Unlinked 254,120 13.5% 77,118 9.1%

Member role
Applicant 1,024,361 54.3% 558,639 65.6% 0.23
Spouse 132,293 7.0% 92,044 10.8% 0.13
Dependent adult 73,392 3.9% 69,964 8.2% 0.18
Dependent child 654,817 34.7% 130,843 15.4% 0.46

Sex
Male 923,035 49.0% 415,147 48.8% 0
Female 894,797 47.5% 397,410 46.7% 0.02
Unknown 67,031 3.6% 38,933 4.6% 0.05

Age
Mean (SD) 25.40 ± 16.89 41.25 ± 20.12 0.08
Median (IQR) 24 (11-37) 45 (22-59) 0.81

Migrant status
N/A (Canadian-born and long-term residents) 617,605 32.8% 202,229 23.8% 0.20
All other (immigrants and refugees) 1,267,258 67.2% 649,261 76.2%

Rural dwelling
Yes 136,671 7.3% 101,316 11.9% 0.16
No 1,730,522 91.8% 745,003 87.5% 0.14
Missing 17,670 0.9% 5,171 0.6% 0.04

Family composition
Single without children 660,950 35.1% 438,413 51.5% 0.34
Single with children 763,301 40.5% 143,589 16.9% 0.54
Couples without children 67,648 3.6% 113,789 13.4% 0.36
Couples with children 392,964 20.8% 155,699 18.3% 0.06

Accommodation status
Homeless 20,908 1.1% 3,644 0.4% 0.08
Not homeless 1,863,955 98.9% 847,846 99.6%

Data entry system
In SDMT only: January 2003 – October 2014 1,202,568 63.8% 312,892 36.7% 0.56
In SAMS only: November 2014 – December 2016 228,720 12.1% 63,295 7.4% 0.16
In both system 453,575 24.1% 475,303 55.8% 0.69

Number of months on social assistance
Mean (SD) 30.35 ± 34.19 84.78 ± 55.61 0.77
Median (IQR) 17 (6-41) 79 (33-136) 1.19

Legend: N/A – not applicable; SDMT – Service Delivery Model Technology; SAMS – Social Assistance Management System; SD
– standard deviation; IQR – interquartile range.
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Appendix Table 2a: Deterministic and probabilistic linkage by year (2003–2009)

Socio-demographic and 2003 2004 2005 2006 2007 2008 2009
program-specific characteristics N % N % N % N % N % N % N %

Overall 134,275 120,031 112,699 107,550 101,566 98,168 105,125

Linkage result
Linked 98,654 73.5 93,205 77.7 89,698 79.6 89,283 83.0 86,115 84.8 83,157 84.7 89,940 85.6
Unlinked 35,621 26.5 26,826 22.3 23,001 20.4 18,267 17.0 15,451 15.2 15,011 15.3 15,185 14.4

Program
OW 108,230 80.6 93,564 77.9 84,723 75.2 84,772 78.8 81,795 80.5 78,307 79.8 84,856 80.7
ODSP 26,045 19.4 26,467 22.1 27,976 24.8 22,778 21.2 19,771 19.5 19,861 20.2 20,269 19.3

Member role
Applicant 59,389 44.2 58,111 48.4 55,992 49.7 56,176 52.2 55,248 54.4 53,546 54.5 59,742 56.8
Spouse 11,517 8.6 10,954 9.1 10,090 9.0 9,815 9.1 8,906 8.8 8,607 8.8 9,893 9.4
Dependent adult 9,429 7.0 8,075 6.7 7,496 6.7 6,475 6.0 6,011 5.9 5,631 5.7 5,161 4.9
Dependent child 53,940 40.2 42,891 35.7 39,121 34.7 35,084 32.6 31,401 30.9 30,384 31.0 30,329 28.9

Sex
Male 52,259 38.9 51,702 43.1 49,785 44.2 50,150 46.6 48,794 48.0 47,532 48.4 52,587 50.0
Female 51,459 38.3 50,457 42.0 48,886 43.4 49,592 46.1 47,721 47.0 46,462 47.3 48,585 46.2
Unknown 30,557 22.8 17,872 14.9 14,028 12.4 7,808 7.3 5,051 5.0 4,174 4.3 3,953 3.8

Age
Mean (SD) 25.84 ± 19.22 27.59 ± 19.62 28.26 ± 19.79 28.85 ± 19.85 29.21 ± 19.69 29.34 ± 19.77 29.95 ± 19.66
Median (IQR) 21 (10-38) 23 (12-41) 24 (12-42) 25 (13-43) 26 (13-43) 26 (13-44) 27 (15-44)

Migrant status
N/A (Canadian-born and long-
term residents)

45,690 34.0 43,930 36.6 39,595 35.1 39,844 37.0 36,868 36.3 34,471 35.1 34,365 32.7

All other (immigrants and
refugees)

88,585 66.0 76,101 63.4 73,104 64.9 67,706 63.0 64,698 63.7 63,697 64.9 70,760 67.3

Rural dwelling
Yes 11,287 8.4 9,564 8.0 9,698 8.6 9,005 8.4 8,879 8.7 8,604 8.8 9,624 9.2
No 122,212 91.0 109,817 91.5 102,338 90.8 97,767 90.9 91,905 90.5 88,775 90.4 94,598 90.0
Missing 776 0.6 650 0.5 663 0.6 778 0.7 782 0.8 789 0.8 903 0.9

Family composition
Single without children 36,927 27.5 36,941 30.8 36,183 32.1 36,313 33.8 36,562 36.0 35,535 36.2 40,885 38.9
Single with children 54,074 40.3 44,226 36.8 41,154 36.5 39,115 36.4 36,663 36.1 35,264 35.9 34,226 32.6
Couples without children 8,791 6.5 8,391 7.0 8,021 7.1 7,897 7.3 6,871 6.8 6,669 6.8 7,808 7.4
Couples with children 34,483 25.7 30,473 25.4 27,341 24.3 24,225 22.5 21,470 21.1 20,700 21.1 22,206 21.1

Accommodation status
Homeless 447 0.3 483 0.4 518 0.5 554 0.5 541 0.5 535 0.5 603 0.6
Not homeless 133,828 99.7 119,548 99.6 112,181 99.5 106,996 99.5 101,025 99.5 97,633 99.5 104,522 99.4

Data entry system
In SDMT only: January 2003 –
October 2014

134,275 100 120,031 100 112,699 100 107,550 100 101,566 100 98,168 100 105,125 100

In SAMS only: November 2014 –
December 2016

0 0 0 0 0 0 0 0 0 0 0 0 0 0

In both system 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Number of months on social assistance
Mean (SD) 6.86 ± 13.10 12.96 ± 11.67 17.75 ± 14.05 20.52 ± 16.15 23.03 ± 19.32 25.82 ± 22.94 25.65 ± 26.01
Median (IQR) 5 (2-8) 13 (5-18) 16 (6-28) 16 (6-37) 17 (6-40) 17 (6-43) 14 (5-40)

Legend: OW – Ontario Works; ODSP – Ontario Disability Support Program; N/A – not applicable; SDMT – Service Delivery
Model Technology; SAMS – Social Assistance Management System; SD – standard deviation; IQR – interquartile range.
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Appendix Table 2b: Deterministic and probabilistic linkage by year (2010–2016)

Socio-demographic and 2010 2011 2012 2013 2014 2015 2016
program-specific characteristics N % N % N % N % N % N % N %

Overall 123,608 129,726 150,501 145,925 202,361 134,770 1,070,048*

Linkage result
Linked 105,594 85.4 111,669 86.1 127,556 84.8 125,155 85.8 175,030 86.5 123,881 91.9 1,006,178 94.0
Unlinked 18,014 14.6 18,057 13.9 22,945 15.2 20,770 14.2 27,331 13.5 10,889 8.1 63,870 6.0

Program
OW 102,759 83.1 107,447 82.8 123,293 81.9 117,745 80.7 146,965 72.6 110,992 82.4 559,415 52.3
ODSP 20,849 16.9 22,279 17.2 27,208 18.1 28,180 19.3 55,396 27.4 23,778 17.6 510,633 47.7

Member role
Applicant 71,170 57.6 74,776 57.6 84,615 56.2 81,941 56.2 106,391 52.6 78,285 58.1 687,618 64.3
Spouse 11,490 9.3 11,467 8.8 12,929 8.6 12,446 8.5 15,613 7.7 10,752 8.0 79,858 7.5
Dependent adult 6,098 4.9 6,875 5.3 8,159 5.4 8,936 6.1 15,821 7.8 8,222 6.1 40,967 3.8
Dependent child 34,850 28.2 36,608 28.2 44,798 29.8 42,602 29.2 64,536 31.9 37,511 27.8 261,605 24.4

Sex
Male 62,710 50.7 65,335 50.4 74,109 49.2 72,659 49.8 101,803 50.3 68,936 51.2 539,821 50.4
Female 56,737 45.9 60,431 46.6 69,144 45.9 68,100 46.7 98,592 48.7 65,832 48.8 530,209 49.6
Unknown 4,161 3.4 3,960 3.1 7,248 4.8% 5,166 3.5% 1,966 1.0% <=5 0 18 0

Age
Mean (SD) 29.66 ± 19.26 29.62 ± 19.40 29.08 ± 19.38 29.38 ± 19.53 27.81 ± 18.80 29.27 ± 18.81 32.88 ± 19.09
Median (IQR) 27 (15-44) 27 (15-44) 26 (14-43) 26 (14-44) 24 (14-40) 26 (15-43) 32 (18-50)

Migrant status
N/A (Canadian-born and long-
term residents)

42,464 34.4 44,032 33.9 50,266 33.4 47,902 32.8 55,163 27.3 37,335 27.7 267,909 25.0

All other (immigrants and
refugees)

81,144 65.6 85,694 66.1 100,235 66.6 98,023 67.2 147,198 72.7 97,435 72.3 802,139 75.0

Rural dwelling
Yes 10,685 8.6 11,053 8.5 12,702 8.4 12,027 8.2 17,719 8.8 12,170 9.0 94,970 8.9
No 111,944 90.6 117,623 90.7 136,493 90.7 132,624 90.9 182,831 90.3 121,199 89.9 965,399 90.2
Missing 979 0.8 1,050 0.8 1,306 0.9 1,274 0.9 1,811 0.9 1,401 1.0 9,679 0.9

Family composition
Single without children 49,158 39.8 51,857 40.0 58,692 39.0 57,001 39.1 74,045 36.6 54,903 40.7 494,361 46.2
Single with children 39,183 31.7 42,107 32.5 49,944 33.2 48,838 33.5 73,686 36.4 46,305 34.4 322,105 30.1
Couples without children 8,592 7.0 8,745 6.7 9,838 6.5 9,564 6.6 12,141 6.0 7,790 5.8 70,319 6.6
Couples with children 26,675 21.6 27,017 20.8 32,027 21.3 30,522 20.9 42,489 21.0 25,772 19.1 183,263 17.1

Accommodation status
Homeless 773 0.6 911 0.7 1,105 0.7 1,361 0.9 1,911 0.9 1,778 1.3 13,032 1.2
Not homeless 122,835 99.4 128,815 99.3 149,396 99.3 144,564 99.1 200,450 99.1 132,992 98.7 1,057,016 98.8

Data entry system
In SDMT only: January 2003 –
October 2014

123,608 100 129,726 100 150,501 100 145,925 100 186,286 92.1 0 0 0 0

In SAMS only: November 2014 –
December 2016

0 0 0 0 0 0 0 0 2,113 1.0 32,328 24.0 257,574 24.1

In both system 0 0 0 0 0 0 0 0 13,962 6.9 102,442 76.0 812,474 75.9

Number of months on social assistance
Mean (SD) 27.30 ± 27.92 31.24 ± 31.00 34.72 ± 34.22 38.65 ± 37.55 46.94 ± 42.44 43.87 ± 42.21 76.10 ± 56.52
Median (IQR) 16 (6-39) 19 (7-45) 22 (8-49) 25 (9-56) 32 (12-74) 27 (12-63) 65 (26-125)

Legend: OW – Ontario Works; ODSP – Ontario Disability Support Program; N/A – not applicable; SDMT – Service Delivery
Model Technology; SAMS – Social Assistance Management System; SD – standard deviation; IQR – interquartile range.
Note: * This value includes all long-term clients of social assistance in Ontario up until 2016.
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