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Abstract

The PATHS Data Resource is a unique database comprising data that follow individuals
from the prenatal period to adulthood. The PATHS Resource was developed for conduct-
ing longitudinal epidemiological research into child health and health equity. It contains
individual-level data on health, socioeconomic status, social services and education.
Individuals’ data are linkable across these domains, allowing researchers to follow chil-
dren through childhood and across a variety of sectors. PATHS includes nearly all indi-
viduals that were born between 1984 and 2012 and registered with Manitoba’s universal
health insurance programme at some point during childhood. All PATHS data are anony-
mized. Key concepts, definitions and algorithms necessary to work with the PATHS
Resource are freely accessible online and an interactive forum is available to new
researchers working with these data. The PATHS Resource is one of the richest and most
complete databases assembled for conducting longitudinal epidemiological research,
incorporating many variables that address the social determinants of health and health
equity. Interested researchers are encouraged to contact [mchp_access@cpe.umanito
ba.ca] to obtain access to PATHS to use in their own programmes of research.
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Key Messages

* The PATHS Resource is a population-based suite of numerous data files comprising individuals aged 0-18 years in
Manitoba and born 1984-2012 (n =584 255), capturing information on marginalized populations often lost to follow-
up in survey data.

¢ Individuals’ data are linkable across several domains including health, education and social services, allowing
researchers to (i) develop a holistic picture of the determinants of health and (ii) model child health/development
trajectories.

* The PATHS Resource allows researchers to link data within families, allowing for sibling fixed-effects analyses and
studies into intergenerational health disparities.

* More information about the PATHS Data Resource, including how external investigators can apply for access, can be
found at [http://www.umanitoba.ca/faculties/medicine/units/community_health_sciences/departmental_units/mchp/

protocol/media/PATHS_Resource_Website.pdf].

Data Resource Basics
Background of the PATHS Data Resource

Many health outcomes follow a social gradient where
lower socioeconomic status is associated with worse
health."™” These health inequities have negative societal
impacts including increased healthcare expenditures and
lost productivity.®'* Child health inequities, specifically,
can have costs.'>"3

One can envision a pathway through childhood where
opportunities exist for interventions that (i) improve
health and developmental outcomes and (ii) reduce
health inequities.'*"* Such interventions may prevent the
accumulation of suboptimal outcomes, reduce health/de-
velopmental inequities in children and place children on
the pathway towards adult health and well-being.'®
Research is required to test the impact interventions have
on child health and development and on health inequi-
ties. Data are needed that both include children from
across the socioeconomic gradient and that follow chil-

dren through childhood.

Purpose and scope of the PATHS Data Resource

The goal of the Pathways to Health and Social Equity for
Children (PATHS) Data Resource is to provide researchers
with comprehensive data to conduct child health and
health equity research. The PATHS Resource contains data
on children from across the socioeconomic gradient, cover-
ing several domains including health, social services and
education. It includes clinical, administrative and program-
matic data that are linkable at the person level. Data link-
age provides researchers with a powerful opportunity to
conduct cross-cutting epidemiological research.'®'"~"?
Appendix A (available as Supplementary data at IJE on-
line)presents a summary of the databases available in the
PATHS Resource.

The PATHS Resource was specifically created to meas-
ure the impact that interventions have on child health
equity in Manitoba, a province in central Canada with a
population of about 1.2 million people. It was generated
from the Population Health Research Data Repository at
the Manitoba Centre for Health Policy (MCHP). The
Repository is a data warehouse where several unlinked,
disparate databases reside. Repository data can be used to
conduct health research. However, because Repository
data are raw and unlinked, one-off research projects re-
quire a lengthy and expensive process to both (i) assemble
into key indicators and (ii) link at the individual level.
Only after completing this extensive process are the dispar-
ate data held within this warehouse ‘research-ready’. The
PATHS Data Resource was assembled from Repository
data to facilitate child health research and is a distinct sub-
set of the Repository; as such, investigators using the
PATHS Resource will have minimal upfront work to get
the data ‘research-ready’.

PATHS includes over 99% of all children residing in
Manitoba, encompassing all individuals registered with
Manitoba’s universal health insurance system at some
point during childhood (0-18 years), born between 1984
and 2012. Child data begin at birth (e.g. birthweight, ges-
tational age, 5-min Apgar score, socioeconomic status at
birth) and continue until (i) the child dies or moves out of
the province, or (ii) the latest data acquisition in 2012.
Data on maternal health during the preconception period
through to delivery are also available.

PATHS: A unique opportunity

The PATHS Resource offers a unique opportunity to study
child health and health equity: (i) it is unique in the breadth
of measures it contains; (ii) it follows children from the
prenatal period; (iii) the data are linkable across domains
(health, social services, education); (iv) the data are
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linkable within families, providing the ability to identify
siblings.

PATHS Data Resource: funding sources

For over 20 years, the Manitoba government has funded
MCHP to maintain the Repository; the Repository cur-
rently comprises over 70 databases from health, education,
social services and justice, as well as registry data. Funds
from the Canada Foundation for Innovation have sup-
ported efforts to bring in additional databases over the
past 4 years [Grant Number CFI20329]. In 2011, grants
from the Canadian Institutes for Health Research
[CIHR:ROH-115206] and the Heart and Stroke
Foundation [PG-12-0534] enabled the creation of the
PATHS Data Resource, drawing data held in the
Repository from a variety of sectors.

Data Resource Area and Population
Coverage

Identifying children to include in the PATHS
Data Resource

Children were identified for PATHS using the Manitoba
Health Insurance Registry, a database of all individuals
registered with Manitoba’s universal health insurance pro-
gramme. All individuals with a birth date between 1 April
1984 and 31 March 2012 were extracted for inclusion in
PATHS, regardless of place of birth (n=615128). We
excluded individuals who did not reside in Manitoba at
any point during childhood age 0-18 years (n=30873).
The final PATHS Resource comprises data on 584255
children.

Tables 1 and 2 provide a flavour of the capabilities of
the PATHS Resource. Table 1 presents summary character-
istics for selected birth cohorts, 1984-2012. The median
maternal age at first birth ranged from a high of 26.5 years
(1984/85 to 1985/86) to a low of 23.8 years (2007/08 to
2008/09). Table 2 presents examples of time-varying char-
acteristics for each birth cohort. The data show that chil-
dren are more likely to live in households receiving income
assistance during their early childhood (ages 0-6 years)
compared with when they are older. Numerous other
measures are available within PATHS.

Coverage

The PATHS data are population-based, representing
99+% of individuals who lived in Manitoba at some point
during childhood. These data allow researchers to track

marginalized families that may otherwise be lost to follow-

~ 10,17,1
up in other research approaches or surveys.'®!7-!8

Measures

The PATHS Resource includes data from several sectors,
that were routinely collected on the population of
Manitoban children for administrative purposes; they pro-
vide a cost-effective opportunity for conducting epidemio-

logical research.'”

Sources of data

The data are provided by various entities (e.g. ministries of
the Government of Manitoba). Data providers are owners
of the data held within the PATHS Resource; MCHP is the
steward of these data. Figure 2 illustrates the cross-cutting,
longitudinal structure of the PATHS Resource.

Manitoba Health Registry. This data source includes
virtually every single child residing in Manitoba; i.e. all
children registered with Manitoba’s universal health insur-
ance system. It contains data on age, sex, family compos-
ition, date of birth, postal code of residence, death and
migration in/out of province.

Hospital Discharge Abstract Database (HDAD). The
HDAD comprises data from hospital records containing
summaries of demographic and clinical information that
were abstracted at hospital discharge: diagnostic codes
(International Classification of Disease), procedure codes
(e.g. Canadian Classification of Diagnostic, Therapeutic
and Surgical Procedures, and Canadian Classification of
Health Interventions), sex and postal code. The HDAD in-
cludes data for all Manitobans discharged from acute and
chronic care facilities both in and outside Manitoba.

Physician claims. These data include claims for phys-
ician office visits, fee-for-service components for tests (e.g.
lab and X-ray procedures), and three-digit ICD diagnosis
associated with the physician visit.

Drug Program Information Network (DPIN). DPIN is a
point-of-sale prescription drug database. It contains com-
plete drug profiles for each client for all prescriptions in
Manitoba, regardless of insurance coverage. DPIN does
not capture prescriptions provided in hospital or at nursing
stations, nor outpatient visits at CancerCare Manitoba.

Manitoba Immunization Monitoring System (MIMS).
MIMS data include information on the type of vaccine, ser-
vice date and information about the provider administering
the immunization.

Healthy Child Manitoba Office (HCMO). HCMO pro-
vides a variety of policies and programmes to promote
optimal health outcomes in children. Data from HCMO
include biological, social and demographic risk factors for
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Figure 1. Province of Manitoba: the PATHS Data Resource includes
population-based data on nearly every child born in Manitoba,
1984-2012°.

children such as prenatal exposures (e.g. alcohol, tobacco),
parental anxiety disorders, parental education and crim-
inal involvement. HCMO data also include the Early
Development Instrument which assesses children’s devel-
opmental status at kindergarten across five areas: (i) phys-
ical health, (ii) communication skills and knowledge,
(iii) social competence, (iv) emotional maturity and (v) lan-
guage and cognitive development.

Tenant management system. This database provides
details on all households residing in units managed by
Manitoba Housing, which offers affordable housing to vul-
nerable families. Data include demographic information
(age, sex, marital status), type of household, length of stay
in Manitoba Housing, building type and location of
building.

Child and family services. Data from child and family
services contain information on children receiving child
welfare services from Manitoba Family Services. Measures
include out-of-home care, protection orders and measures
of maltreatment allegations and substantiations.

Education. Education data provide information on en-
rolment, special needs funding, courses, marks, standards
tests, graduation and demographics. Data are available
from both public and private schools, as well as those who
are home schooled.

Jobs and the Economy. Data from Manitoba Jobs and
the Economy contain information on families receiving
employment and income assistance (i.e. welfare).

Canadian Census Data. Income data come from the
Canadian Census. The Census, conducted by Statistics
Canada, includes all Canadian citizens, landed immigrants
and non-permanent residents.”® Measures on income are

based on average household income (as reported on the
Census) for each census dissemination area, each of which
covers approximately 400-700 individuals. Average in-
come for census dissemination areas has been validated as
a measure of socioeconomic status.””

Data linkage

Figure 3 summarizes the data linkage process. All persons
registered with Manitoba’s universal health insurance pro-
gramme (Manitoba Health) receive a nine-digit Personal
Health Identification Number (PHIN). Health Information
Management (HIM) uses each registrant’s PHIN to create
a unique, encrypted PHIN for the Repository at MCHP.
HIM replaces each individual’s actual PHIN with their
encrypted PHIN and deletes identifying information
(e.g. name, address, actual PHIN) from the record. The de-
identified data are then sent to a secure data environment
within MCHP.

Data from non-health ministries (e.g. education, social
services etc.) are linked using a different process.
Ministries first generate two individual-level data files.
The first includes individuals’ identifying information
(e.g. name, birth date) and each individual’s encrypted pro-
gramme number; no programme data is included. The se-
cond data file contains the encrypted programme number
and all programmatic data, with no identifying informa-
tion. The first data file is sent to HIM where identifiers
(e.g. name, birth date) are used to link individuals to their
encrypted PHIN. HIM next strips all identifying informa-
tion, leaving only the encrypted PHINs and programme
numbers in a crosswalk file. The second data set is sent to
MCHP, who use this crosswalk file to attach the encrypted
PHIN to the programme data, and to link these non-health
data (e.g. education data) with health data.

Data are linkable at the individual level across all data-
bases within PATHS. Linkages can only be performed on
approved projects, within the secure data environment at
MCHP or at remote access sites (currently six are located
in Manitoba, Canada).

MCHP Metadata

Linking data at the individual level is only part of the pro-
cess for transforming PATHS data into research data. The
other aspect involves interacting with and applying the
MCHP Metadata—a comprehensive set of documentation
and tools that describes each database, data quality re-
ports, measures included in the databases, SAS macros®®
for generating variables, data summaries and timelines,
and more. The Metadata allow the PATHS data to be con-
sistently used across various epidemiological studies.
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. Early
Data source [Prenatal] [ Birth ] [chilrlho od ] [

Childhood development stages

Early and middle school ] [ Adolescence, high school

(K-Gr.8) (Gr.9-12)
Maternal age, Resid ¥ stl_
Manitoba M- Postal code, : re ik ; S et ;
Health Regi Marital status Parity. birth Number of moves during childhood, Birth spacing between subsequent siblings
spacing
Gestational age,
Apgar score, Admission to hospital for any cause (Cause and Total Number), length of hospital stay,
E;spml Enischl::sge Birth “'elgt}‘v evidence of child maltreatment, meets case definition for asthma, child'Teen pregnancy (during
SaC Eaaass Breastfeeding, adolescence)
Delivery method
Physici Number of prenatal Child diagnosed with ADHD or conduct disorder, majority of care provided by same provider,
Clai visits, meets case definition for asthma, meets case definition for substance abuse, visit to licensed
Continuity of care psychiatrist. child’ teen pregnancy, suicide attempt number of physician visits
Drug Program Information Prescription drugs given to child (out-of-hospital, community-based prescriptions): type of drug according to
Network anatomical therapeutic chemical classification and intensity of dose according to defined daily doses
Immunization Receives age appropriate immunizations
Data (2mo, 4mo, 6mo, lyr, 2yr, 11yr)
Mother received : : =
syt | presatbnet | e o et ][ e i
Manitoba Office| maternal smoking healy hid program straisaat
status
Tenant Management Child lives in building owned by manitoba housing, move in date, move out date, number of moves, location of
System housing unit, type of building'housing unit
Jobs and the Economy Child’s family receives income assistance
Servi ::dF ¥ Child in care or protective services
Grade 3 literacy & numeracy assessment, grades 7/8 Literacy, numeracy,
Educati school engagement assessment. grade 9 performance (Course grades and
credits earned), average marks (percentages) on high school courses, math
and language standardized test scores, high school graduation
Canadian Census

Average household income for census dissemination area where child lives (based on residential postal code)

Figure 2. Longitudinal nature of the multiple linked data sources in the PATHS Data Resource. Examples of measures for each data source over time
are presented. A complete listing of all measures available in the PATHS data resource is available from the authors.

One of the Metadata resources central to this process is
the MCHP Concept Dictionary.>”*° This resource provides
researchers with information about (i) measures included in
the PATHS Resource, (ii) validated algorithms for adminis-
trative data, (iii) the operationalization of constructs and
variables, (iv) cautions and recommendations regarding
SAS*® programming and (v) references for each concept.

Another key feature of the MCHP Metadata is that
researchers and analysts are able to provide feedback and
ask questions via an interactive interface, facilitating

real-time information flow between researchers, analysts
and data management experts.

Frequency of Data Collection/Update

Survey data often rely on intermittent contact with study
participants. The PATHS Resource, however, contains
data that are continuously collected; i.e. whenever a child
comes into contact with the healthcare system, whenever
the child’s school marks are recorded and/or whenever the
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1personal health identification number:
Unique, individual-level, nine-digit
identifier assigned to every person
registered with manitoba’s universal
health insurance program.

Manitoba healthinsurance registry
All children registered with manitoba’s
Universal health insurance program:

Personal health identification

number? #Program ID: an individual-level program

3The crosswalk file is a set of instructions
used to link individual-level data across
the several databases comprising the
PATHS resource.

2 Encrypted version of PHIN:
Anonymized, unique, person-level, PHIN

original PHIN) and attaches encrypted
PHIN. Allows researchers to link
individual-level data across databases

that ensures privacy protection. HIM Health
strips all identifying data (including information

management
(HIM)

identification number used by non-health
ministries to identify program recipients

*Identifying information includes items
such as names, addresses, and program
identification number or PHIN

Encrypted PHIN?

Registry data

I
Crosswalk®

HIM uses identifying e PATHS data resource o HIM uses identifying
information to link individual- g person- level, a information to link individual-
level program identification g De-Identified data ng_‘ level program identification
number with Encrypted PHIN S linkable across domains = number with encrypted PHIN
Encrypted PHIN? N oo il N Encrypted PHIN?
e——
Program ID* Program ID*
health 2 health
information Encrypted PHIN information
management | management
(HIM) Health data (HIM)
Identifying ~ health Tdentifying
Information® De-identified information De-identified information®
r - social services Management education data
Social Services _ (HIM]) " .
Data data sent directhy — = sent-directlyto =1 Education data
to PATHS data PATHS data
resource resource

Identifying
information®

Health data

Figure 3. Data elements used to link individual-level data from multiple databases across several domains.

child comes into contact with social services. Data are sent
to HIM for (i) de-identification and (ii) attachment of
encrypted PHIN on an annual basis.

The median observation time for a child included in
PATHS, from birth, is 15.4 years (inter-quartile range 8.1
to 21.8 years).

Data Resource Use: Using the Paths Data

The PATHS Resource is currently being used to evaluate
12 interventions, programmes or policies aimed at improv-
ing health or educational outcomes for children. In all
cases, it was used to identify the children exposed to the
intervention or programme, determine which relevant out-
comes were available and create a flat file for analysis. The
interventions include both universal and targeted pro-
grammes, some aimed at specific age groups or specific
health disorders or a particular portion of the socioeco-
nomic stratum. Current and completed analyses include:

evaluating the impact of the location of social housing on
the health and educational outcomes of residents; a pre-
natal benefit for low-income pregnant women on birth
outcomes and infant health; and also, evaluating the im-
pact of a pay-for-performance physician-funding model on
immunization and vaccination rates. At the time of writ-
ing, one article had been published using these data®' and
others are currently under review or have been recently

accepted.’>?3

Strengths and Weaknesses

The PATHS Resource has limitations. Not all important
health data are captured in administrative data (e.g. body
mass index). For individuals who have left the province or
moved into the province sometime after birth, any relevant
contacts while out of the province are permanently miss-
ing. Individual data sets may also have some particular
weaknesses. For example, medical claims data (i.e.
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physician visits) only include a single three-digit ICD9
diagnosis and may miss some comorbid conditions.
Despite some limitations, the PATHS Resource has sev-
eral strengths. First and foremost, the data are universal, in
that the entire population of Manitoba is captured and pre-
sent. Second, the PATHS Resource is longitudinal, with
virtually complete capture of contacts with the healthcare
system including prescription drug dispensations, and data
from other domains, such as school enrolment or receipt of
social assistance. Third, it is linkable across domains and
over time. The data have also been validated in several

. 18,19,34-39
studies.” > >

Accessing the Paths Data Resource

MCHP welcomes researchers who study child health and
development to apply for access to the PATHS Resource.
There are four requirements for accessing data held within
the Repository, which includes the PATHS Resource. The
first requirement is that all researchers using the PATHS
Resource complete the MCHP Accreditation which pro-
vides a consistent overview of MCHP, data access and
available data. The second is a feasibility assessment con-
ducted by MCHP, which ensures that the data elements
required for the research question are present in the data
and that the proposed project fits within the MCHP man-
date. Third, the investigators must have their project
approved by (i) the university research ethics board, (ii) the
government-mandated Health  Information  Privacy
Committee and, where appropriate, (iii) non-health data
providers, to ensure the proper handling of the data and re-
porting of research results. Fourth, after all approvals have
been obtained, the investigators will complete a researcher
agreement between the University of Manitoba and
Manitoba Health, Healthy Living & Seniors. On a strictly
cost recovery basis, there are some charges related to the
administration and housing of the data at MCHP.
Investigators may travel to one of the remote access
sites to work directly with the data. Alternatively, investi-
gators may work with an MCHP-based analyst to carry
out the proposed study. Investigators can coordinate with
the analyst to develop analytical procedures to address the
proposed research objectives. Once the procedures are
specified, the analyst will carry out analyses on the linked,
individual-level data comprising the PATHS Resource
within the secure data environment at MCHP. The analyst
will then share the procedures and results according to the
research agreement mentioned above. The sensitivity and
breadth of the PATHS data, in terms of individuals covered
and measures included, require that the data remain within
the secure MCHP environment, as per policies and proced-
ures in place. Moreover, the data-sharing agreements

between MCHP and data providers (i.e. owners of the
data) state that individual-level data and data summaries
based on counts fewer than five cannot be sent outside
MCHP. That said, hundreds of projects have been con-
ducted by external investigators (i.e. non MCHP faculty)
from around the globe using data held within the
Repository, of which the PATHS Resource is a distinct
subset. The experiences of these investigators demonstrate
that using data held in the Repository, including the
PATHS Resource, is not onerous to interested researchers.
Researchers interested in using the PATHS Resource
for their own research are encouraged to visit [http://
www.umanitoba.ca/faculties/medicine/units/community_
health_sciences/departmental_units/mchp/protocol/media/
PATHS_Resource_Website.pdf] and/or e-mail [mchp_ac-
cess@cpe.umanitoba.ca] to learn how to apply for access.

Supplementary Data

Supplementary data are available at IJE online.
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