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Linking 2006 Census and hospital data in Canada

by Michelle Rotermann, Claudia Sanmartin, Richard Trudeau and Hélene St-Jean

Abstract

Background: Record linkage is commonly used in health research to fill data gaps. This study summarizes the linkage of the 2006 Census of Population
(excluding Quebec) to hospital data from the Discharge Abstract Database (DAD).

Data and methods: Hierarchical deterministic exact matching was employed to link 2006 Census and DAD (2006/2007, 2007/2008 and 2008/2009) data,
based on linkage keys derived from three variables common to both files—date of birth, postal code and sex. The full census file (short-form; 23.4 million)
was used for record linkage; the 20% file (long-form; 4.65 million) representing the study cohort was used for validation. Linked files were compared across
jurisdictions, years and other selected covariates in terms of eligibility for linkage, keys linked, and linkage and coverage rates.

Results: Overall, 80% of linkage keys identified in the DAD were linked to the 2006 Census. The percentage of long-form census respondents linked to at least
one hospital record ranged between 5% and 8% across jurisdictions; linkage rates were higher among known high users of hospital services: older age groups,
lower-income individuals, and Aboriginal people. In general, the linked census file represents the majority of hospital events that occurred during the study
period. Coverage rates (weighted/unweighted) varied by geography and age group, with lower weighted rates for the territories and some younger age groups.
Interpretation: With hierarchical deterministic exact matching, census data can be linked to multiple years of DAD data. Incorporation of updated postal
codes from tax files reduced linkage rate attrition over time. Lower coverage rates for the territories and younger age groups suggest that these populations

may be underrepresented in the linked files.

Keywords: Coverage, data collection, data linkage, databases, medical records, hospital records

ecord linkage, the process of matching records across or

within databases, is commonly used in health research to
fill data gaps'”’ and create a dataset with broad applications.5!!
Most health-related linkages in Canada have relied on health
insurance numbers (HINs) from provincial registries, which are
unique to individuals.>*!12 However, HINs are not available
in most databases (for instance, mortality, census, tax), and
access to provincial registries is limited.

In the absence of a unique identifier and/or registry, an alterna-
tive approach— hierarchical deterministic exact matching—can
be used to link health administrative databases and other data
sources.”® This involves matching different combinations of
co-occurring person-level information.'*!8 Statistics Canada
demonstrated the validity of this approach by linking census and
hospitalization data in two provinces (Ontario and Manitoba)."
The use of birth date, sex and postal code to link files yielded
results similar to those produced using HINs from the provincial
health insurance regristries."

This study presents the results of a hierarchical exact
matching approach to link the 2006 Census of Population
with hospital data for all provinces and territories (excluding
Quebec) from the 2006/2007-t0-2008/2009 Discharge Abstract
Database (DAD). The purpose is to determine if the Census—
DAD linkage performed similarly in different jurisdictions, and
if linkage and coverage rates declined as time passed since the
census. The linkage was approved by Statistics Canada’s Policy
Committee.?® Use of the linked data is governed by the Directive
on Record Linkage.?!

Data sources

2006 Census of Population

The 2006 Census collected information using short- and long-
form questionnaires. Most households (80%) received the
short form, which contained eight basic questions, including
the birth date, sex and marital status of all household members.
The remaining households (20%) received the long form,
which contained an additional 53 questions on topics such as
education, ethnicity, mobility, income and employment.”
In some regions, all households were asked to complete the long
form: Nunavut, Northwest Territories (excluding Yellowknife),
Yukon (excluding Whitehorse,) and other Indian Reserves and
settlements.”” The census represents 95% to 97% of the popula-
tion in the provinces and 93% to 94% of the population in the
territories.”

For the purposes of record linkage, the complete census file
(23.4 million), which contains both short- and long-form records
was used. The long-form records (4.65 million) constitute the
study cohort used for validation.

To make inferences about the Canadian population based on
information from the long-form questionnaire, data are often
weighted.?* Sampling weights account for the survey design
and the under- or overrepresentation of people with certain
characteristics.”® The census weights were not adjusted for
linkage eligibility.
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Quality standards for census collection
and processing were rigorous.”” As well,
census information underwent quality
verification, including comparisons with
alternative data sources. Inconsistent
or missing responses were imputed to
ensure the internal consistency of infor-
mation provided by each household.
The overall imputation rate was 2.9%;
imputation rates for “age” and “sex”
were less than 1.5%.

The accuracy of address information,
including postal codes, was central to the
success of data collection. In areas where
census forms were delivered by mail,
Statistics Canada validated and updated
address information before Census Day
(May 16, 2006). In areas where enumer-
ators delivered the forms, addresses were
listed and verified at delivery.

T1 Personal Master Files

The T1 Personal Master File (T1PMF) is
an annual file derived from tax returns.
It contains name, date of birth, sex and
postal code, which can be used for record
linkage. To obtain postal code infor-
mation for census respondents whose
postal code was missing, incomplete,
or had changed, TIPMFs for 2005 to
2009 were linked deterministically to
the 2006 Census (short-form) file, based
on sex, birth date, and partial family
and first given names; income informa-
tion was not retained. Approximately
90% of census records linked to at least
one TIPMF year. For individuals who
did not file taxes annually and/or were
not required to file (for example, chil-
dren), postal codes were assigned based
on information about other household
members who were tax-filers.

Discharge Abstract Database
(DAD)

The DAD contains approximately
3 million hospital records with demo-
graphic, administrative and clinical data,
as well as HINs, for all acute-care and
some psychiatric, chronic, rehabilitation
and day-surgery hospital discharges
occurring in a fiscal year (April 1 to
March 31) in all provinces and terri-
tories except Quebec.?*?’ Re-abstraction
studies that compare information on the
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Figure 1

Processing of the 2006 Census for record linkage

2006 Census records
(short form) excluding
Quebec (n = 23,397,153)

Exclude records with invalid

birth date (n = 184,496)

2006 Census records (short form)
with valid date of birth
(n=23,212,657) (99.2%)

Records with valid sex and
postal code
(n=22,494,186) (97%)

Records with missing sex
and/or incomplete postal codes
(n=718,471) (3.1%)

Add records with
alternate sex and/or

Census records with valid
linkage keys
(n=23,951,088)

postal code
(n=738,431)

Exclude duplicate linkage keys

(n = 563,473) (2.4%)

Exclude invalid linkage keys identified

in DAD (n = 11,560) (0.05%)

Exclude linkage keys with date of birth

after May 16, 2006 (n = 6,747) (0.03%)

In-scope 2006 Census
4 N
Linkage keys
(n=23,369,308)
(97.6% of 23,951,088
valid keys)

Respondents
(n=22,459,879)
(96% of all 23,397,153
census records)

original DAD record with corresponding
fields in patient charts repeatedly find
that the non-clinical data elements,
including date of birth, sex and postal
code, are very reliable, with differences
observed in these fields amounting to less
than 2%.%’

For the purposes of record linkage,
DAD data from 2005/2006 to 2008/2009
were used in the pre-processing phase
of this study; data from 2006/2007
to 2008/2009 were used in the data
linkage phase (2006/2007 n = 3,186,079;
2007/2008 n = 3,204,838; 2008/2009

n = 3,232,396). Because records pertain
to hospitalizations, not to people, indi-
viduals who were hospitalized several
times can be represented more than once
in the DAD.

Methods

Record linkage involved three steps: data
processing, record linkage and validation.

Data processing

Before linkage, the data were processed
to improve the quality of the variables
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that would be used (date of birth, postal
code and sex) and to establish the unique
set of linkage keys in each data file to
minimize false links. This processing
identified data errors or omissions that
could result in false links.

A total of 23,397,153 census records
were available for linkage”® (Figure 1).
Quebec records were excluded because
Statistics Canada does not have access
to the corresponding hospitalization data.
Census records with an invalid or incom-
plete birth date were excluded. Records
with missing information for sex were
assigned a sex, and a duplicate record
was created with the same birth date
and postal code, but the opposite sex.
Records with differing postal code
information in the original and post-pro-
cessed fields were also duplicated: one
record with the original postal code;
the other with the post-processed code.
Original and duplicate census records
were associated using a census group
identifier, enabling the identification
and removal of the duplicates once
the linkage was completed. Lastly, a
series of exclusions was applied to the
census records to establish the final
set of valid and unique linkage keys.
The following keys were excluded:
duplicate keys with the same date of
birth, postal code and sex (for example,
same-sex twins living in the same loca-
tion); invalid linkage keys identified as a
result of DAD data processing (described
below); and keys with birthdates after
May 16, 2006 (Census Day). In total,
23,369,308 wvalid and unique census
keys were in-scope for data linkage,
representing 96% of census respondents
(excluding Quebec).

DAD records for fiscal years
2005/2006 to 2008/2009 pertaining to
Canadian residents hospitalized in prov-
inces and territories outside Quebec were
eligible for pre-processing (12,824,006)
(Figure 2). Records with invalid or
missing birth date, sex or postal code
were excluded. The remaining DAD
records underwent additional processing
to improve consistency and accuracy
of HINs and to ensure a one-to-one
correspondence with the linkage keys.
A common adjustment was the replace-

Figure 2

Processing of the 2005/2006 to 2008/2009 Discharge Abstract Database

for record linkage

2005/2006 to 2008/2009
DAD records
(excluding Quebec
and non-residents)

(n =12,824,006)

 —

Exclude records with invalid
postal code, gender or missing

date of birth
(n=102,932)
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associated with more than 1
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unique and valid linkage keys
(n = 6,741,455) (87.7%)

v

In-scope linkage keys
2006/2007 (n = 2,080,986),
2007/2008 (n = 2,041,932)
2008/2009 (n = 2,049,788)

2006/2007 to 2008/2009 (n = 6,172,706)

ment of a temporary (typically the
mother’s) or missing HIN on an infant’s
DAD record with a permanent HIN that
had subsequently been assigned and that
appeared on subsequent hospitalization
records.

More than 12.7 million DAD records
with valid linking information were
available, representing 7,686,518 unique
and valid linkage keys (Figure 2). The
large number of duplicate linkage keys
was expected, given that individuals
could be admitted to hospital more than
once. The following keys were excluded:
linkage keys associated with multiple

HINSs in the same province; invalid keys
identified as a result of census data pro-
cessing described above; and keys with
birthdates after Census Day. In total,
6,172,706 valid and unique linkage keys
for fiscal years 2006/2007 to 2008/2009
were in-scope for data linkage.

Record linkage

The hierarchical deterministic exact
matching approach to link census and
DAD data involved an iterative process
in which linkage keys comprised of date
of birth, sex and postal code were com-
pared across files. The use of multiple



keys applied consecutively maximizes
the discriminating power of the linking
information and minimizes the impact of
errors and missing values."

The iterative approach applied
28 rules. Early iterations observed
stringent rules; subsequent passes tol-
erated some divergence (Table 1).
For example, the first iteration required
an exact match between the census
birth date, sex and postal code and the
DAD linkage keys. Iterations 2 to 4
required an exact match on birth date,
sex and postal code obtained from the
TIPMF and the DAD linkage keys.
Postal codes from the 2005, 2006 and
2007 tax files were used when the
census file was linked to the 2006/2007
DAD data. The 2006-t0-2008 and
2007-t0-2009 tax files were used when
the census was linked to the 2007/2008
and 2008/2009 DAD data, respectively.
Iterations 5 to 10 relaxed the rules for
postal code, allowing one of the six char-
acters of the census-reported postal code
to be dropped. The process was repeated
using the T1IPMF postal codes (iterations
11 to 28).

At each iteration, only unique linkage
keys from one file were compared to the
unique keys in the other. When the iter-
ation was completed, linked keys were
removed from future iterations to ensure
that keys were linked only once. Linked
keys that had been added to deal with
missing sex and/or postal code and
sharing the same census group identifier
as the linked keys were also removed.
For census keys linking to a DAD key,
a deterministic linkage to the full set of
DAD discharge records was conducted
using the linkage key, related HIN, and
issuing province. Data processing and
record linkage were conducted using
SAS 9.2.

Validation

Two types of linkage rates are reported.
First, the percentage of DAD keys linking
to census keys is reported for each itera-
tion of the linkage. The final linkage rate
is not expected to be 100%, owing to dif-
ferences in the populations represented
in the census and DAD, census under-
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coverage of specific subpopulations, and
use of hospital services by individuals
who entered Canada after Census Day
(for example, new immigrants). Lower
linkage rates are also expected among
people who were institutionalized (for
example, residents of long-term care
facilities), since residents would share
the same postal code, thereby reducing
the uniqueness of the linkage keys.

Second, the percentage of census
records eligible for linkage that linked
to the DAD (2006/2007 to 2008/2009)
is reported by province/territory and
by selected socio-demographic char-
acteristics. These rates were based on
long-form census respondents (the vali-
dation cohort) eligible for record linkage
(4,652,683 records; 94% of all long-form
respondents) and reflect the prevalence
of being hospitalized at least once in the
respective fiscal year. Linkage rates were
expected to be higher among groups,
such as seniors, who are more likely to be
hospitalized than non-seniors. Variation
in linkage rates across provinces/ter-
ritories may also reflect differences in
health care delivery.”

Coverage analysis

When only a fraction of records are
expected to link, evaluating the quality
of a data linkage is challenging. This is
typical of health-based data linkages,
where, for example, limited numbers
of individuals are expected to be hos-
pitalized or to die during the follow-up
period. In such situations, it is not
obvious if unlinked records represent
missed links or if the event of interest
did not occur. The quality of such link-
ages has been assessed by comparing
results of different approaches that used
the same data'®'"3*33 and by comparing
outcome rates and percentage distribu-
tions of variables available in linked and
unlinked data.?*3*3

Annual national (excluding Quebec)
and jurisdiction-specific unweighted and
weighted coverage rates were calculated
by dividing the number of acute-care
hospital discharges among long-form
census respondents in each jurisdiction
according to the linked census-DAD

What is already known
on this subject?

m  Record linkage is a cost-effective
way to add value to administrative
and survey datasets.

m  Combining complementary data
sources permits analyses that
would otherwise not be possible.

m  The use of provincial health insurance
registries to facilitate record linkages
for population health research is
well established.

m  Registry and non-registry approaches
to linking health administration and
2006 Census information have yielded
research-quality data for the provinces
of Ontario and Manitoba for 2006/2007.

What does this study
add?

m  This study presents the results of
a hierarchical deterministic exact
matching approach to link 2006
Census data to 2006/2007-to-
2008/09 hospitalization records in
the Discharge Abstract Database
(DAD) for all Canadian jurisdictions
(excluding Quebec,) based on date
of birth, postal code and sex.

m  Use of tax data helped to ensure that
the postal codes of census respondents
were up-to-date, thereby minimizing
missed links.

m The linked cohort represents
approximately 80% of hospitalizations
that occurred during the 2006/2007-
t0-2008/2009 period.

m The nationally representative linked
census-DAD file fills a data gap and
offers new research opportunities.

data (numerator) by the number of acute-
care hospital discharges reported in the
unlinked 2006/2007, 2007/2008 and
2008/2009 DAD data (denominator).
To more closely match the target popu-
lation of the linked data, where possible,
DAD records pertaining to populations
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Table 1

Cumulative percentage and number of Discharge Abstract Database (DAD) keys linked to 2006 Census, by iteration, Canada
excluding Quebec, 2006/2007, 2007/2008 and 2008/2009

DAD year 2006/2007 DAD year 2007/2008 DAD year 2008/2009
Source of Cumulative Source of Cumulative Source of Cumulative
postalcode — postalcode ~— postalcode ~—
(census key only) (census key only) (census key only)

and format and format and format
Postal code used/Iteration if incomplete % Number if incomplete % Number if incomplete % Number
Full census postal code
(FSA LDU) were used
1 census 71.8 1,495,004 census  65.1 1,329,408 census  59.4 1,217,899
Full T1PMF postal code
(FSA LDU) were used
2 2005 TIPMF  74.3 1,545,888 2006 TIPMF ~ 72.0 1,470,679 2007 TIPMF  70.3 1,440,860
3 2006 TIPMF  75.5 1,570,658 2007 TIPMF  73.8 1,506,694 2008 TIPMF  72.0 1,475,942
4 2007 TIPMF  75.7 1,574,321 2008 TIPMF 741 1,512,212 2009 TIPMF  72.3 1,482,647
Partial postal codes from census
were used (x indicates alpha-
numeric value dropped from key)
5 FSALDx 76.5 1,591,750 FSALDx 748 1,527,771 FSALDx  73.0 1,496,968
6 FSALxU 77.9 1,621,704 FSALxU 76.3 1,557,111 FSA LxU 74.4 1,525,707
7 FSAxDU 78.2 1,627,811 FSAXDU 76.5 1,562,431 FSAxDU 747 1,530,638
8 FSxLDU 78.9 1,642,783 FSxLDU 77.2 1,575,974 FSx LDU 75.3 1,543,716
9 FXALDU 79.0 1,644,879 FXxALDU 77.3 1,577,857 FXALDU  75.4 1,545,438
10 xSALDU 79.2 1,648,534 xSALDU 775 1,581,599 XSALDU  75.6 1,549,564
Partial postal codes from TIPMF
(2005, 2006, 2007) pertaining to
DAD year-1 were used
1 FSALDx 79.3 1,649,501 FSALDx 77.6 1,583,960 FSALDx  75.8 1,553,001
12 FSALxU 79.4 1,651,674 FSALxU 77.8 1,587,924 FSALxU  76.0 1,558,490
13 FSAxDU 79.4 1,652,018 FSAxDU 77.8 1,588,708 FSA xDU 76.1 1,559,725
14 FSxLDU 79.4 1,652,996 FSxLDU 77.9 1,590,642 FSxLDU  76.2 1,562,475
15 FXALDU 794 1,653,106 FXALDU 779 1,590,959 FxA LDU 76.2 1,562,937
16 xSALDU 79.5 1,653,459 xSALDU 77.9 1,591,447 xSALDU  76.3 1,563,595
Partial postal codes from T1PMF
(2006, 2007, 2008) pertaining to
DAD year were used
17 FSALDx 79.5 1,654,162 FSALDx 78.0 1,592,392 FSALDx  76.3 1,564,602
18 FSALxU 79.6 1,655,504 FSALxU 781 1,593,978 FSALxU 764 1,566,193
19 FSAxDU 79.6 1,655,723 FSAxDU 781 1,594,306 FSAxDU  76.4 1,566,493
20 FSxLDU 79.6 1,656,310 FSxLDU 781 1,595,077 FSxLDU  76.5 1,567,262
21 FXxALDU 79.6 1,656,404 FxALDU 78.1 1,595,219 FXxALDU  76.5 1,567,402
22 xSALDU 79.6 1,656,620 xSALDU  78.1 1,595,467 xSALDU 76,5 1,567,654
Partial postal codes from TIPMF
(2007, 2008, 2009) pertaining to
DAD year +1 were used
23 FSALDx 79.6 1,657,049 FSALDx 78.2 1,595,918 FSALDx 76.5 1,568,170
24 FSALxU 79.7 1,657,975 FSALxU 78.2 1,596,983 FSALxU  76.6 1,569,308
25 FSAxDU 79.7 1,658,107 FSAxDU 782 1,597,128 FSAxDU  76.6 1,569,469
26 FSxLDU 79.7 1,658,563 FSxLDU 782 1,597,581 FSxLDU  76.6 1,569,988
27 FXxALDU 79.7 1,658,619 FXxALDU 78.2 1,597,653 FXALDU  76.6 1,570,075
28 xSALDU 79.7 1,658,817 xSALDU 783 1,597,868 xSALDU  76.6 1,570,329

Notes: Postal codes have six digits. The first three—FSA—pertain to the Forward Sortation Area; the last three—LDU—pertain to the Local Delivery Unit. An “x” in a postal code (FSA LDU) indicates
the digit dropped from the linkage key. Each key contains birth date, sex and postal code. DAD keys used the postal code of the patient’s residence and were constant over the 28 iterations. Census
keys used postal codes from the census and alternates from tax files (T1PMF); postal code source and completeness changed with each iteration. The DAD keys eligible for linkage were: 2006/2007

=2,080,986; 2007/2008 = 2,041,932; and 2008/2009 = 2,049,788.



not captured by the long-form census
were removed from the denominator:
residents of seniors’ homes, people
born after Census Day, stillbirths, and
non-Canadians.

Unweighted coverage rates should
approach the percentage of the popula-
tion completing the long-form census
(about 20% nationally, varying from
16% for Newfoundland and Labrador to
63% to 69% for Nunavut).?>** Weighted
coverage rates should approach, but not
equal, 100%, owing to differences in the
populations covered by the linked cen-
sus-DAD data and the unlinked DAD
data. For example, the institutionalized
population, who are high users of hos-

Table 2
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pital services,**” are represented in the
unlinked DAD data, but not in the linked
census-DAD data.

Sociodemographic characteristics
Linkage rates were compared by selected
socioeconomic characteristics from the
census to determine if rates were higher
among people more likely to be hospit-
alized, such as those in lower-income
groups and Aboriginal people.’¢3%%
Income quintiles were derived at the
economic family level or directly for
unattached individuals.?® Total after-tax
income from all sources and from
all family members/individuals was
summed, adjusted for family size, and

divided into quintiles. To minimize
regional income differences, quintiles
were estimated separately for each prov-
ince/territory, and then pooled.

Highest level of education of people
aged 18 or older was dichotomized as:
at least secondary school graduation, or
less than secondary graduation. People
younger than 18, most of whom would
be too young to have graduated, were
excluded.

Information on Aboriginal status
was derived from the question: “Is this
person an Aboriginal person, that is,
North American Indian, Métis or Inuit
(Eskimo)?” Respondents marked all that
applied. Responses were grouped into

Percentage and number of Discharge Abstract Database (DAD) keys linked to 2006 Census and percentage distribution of keys
linked by iteration, by province, sex and age group, Canada excluding Quebec, 2006/2007, 2007/2008 and 2008/2009

2006/2007 2007/2008 2008/2009
Percentage of Percentage of Percentage of
keys linked, keys linked, keys linked,
by iteration by iteration by iteration

%  Number 1 2to4 5t028 %  Number 1 2to4 51028 %  Number 1 2to4 5to28
Canada excluding
Quebec 79.7 1,658,817  90.1 4.8 5.1 78.3 1,597,868 832 114 5.4 76.6 1,570,329 77.6 16.9 5.6
Province/Territory
Newfoundland
and Labrador 84.5 66,832 91.6 3.9 46 84.7 66,880 87.9 7.8 4.3 83.8 66,186  83.8 11.6 4.6
Prince Edward Island ~ 83.0 16,162  90.0 4.5 55 82.4 15,553 84.9 91 6.0 82.3 15,667 81.4 13.2 5.4
Nova Scotia 84.0 99,818 90.9 4.7 4.4 83.3 99,493 86.0 9.5 4.6 82.1 100,570  81.1 14.0 4.9
New Brunswick 80.8 78,694 917 5.2 3.1 79.5 74,791 855  11.1 3.4 781 72,768  80.7 16.2 3.1
Ontario 80.3 577,266 91.1 4.2 47 786 545688 837 113 5.0 76.5 527613 777 16.9 5.3
Manitoba 81.2 119,511  90.3 43 55 799 114,433 849 9.6 55 79.0 114,755 79.8 144 5.8
Saskatchewan 81.6 121,636 89.7 5.2 5.1 80.6 118,397 839 109 5.2 796 118,056 78.5 15.9 5.6
Alberta 772 177,466 87.9 6.3 5.7 751 168,781 79.0 148 6.2 726 162,203 722 21.2 6.6
British Columbia 78.0 391,169 89.1 5.0 5.8 76,5 383933 817 122 6.1 75.0 382,745 76.0 17.9 6.1
Yukon 73.8 2,817 85.6 9.2 5.1 71.6 2,754 785 15.2 6.3 69.7 2,742 721 21.5 6.4
Northwest Territories
/Nunavut 731 7,242 841 6.0 10.0 73.4 6,887 79.8 10.0 10.2 73.0 6,672 76.9 12.4 10.7
Sex
Male 79.0 675424 905 4.2 5.4 785 652,339 85.2 9.3 55 776 646,688  80.8 13.7 55
Female 80.2 983,393 89.9 5.2 4.9 781 945529 818 129 5.3 759 923,641 753 19.1 5.6
Age group
Younger than 1 73.3 37,835 91.3 3.8 4.9 69.8 9237 729 195 7.6 67.5 7,313 63.1 27.9 9.1
1t04 78.7 35,894 87.3 6.0 6.7 76.2 29,564 78.0 15.1 6.9 741 25841 706 22.2 7.2
5t09 81.9 27,034  89.2 4.7 6.2 78.6 22,638 819 116 6.5 771 20,166  75.5 17.5 7.0
10to0 14 81.6 25,870  89.3 4.4 6.2 78.9 28,664 826 10.3 7.0 76.1 32,349 777 15.2 71
15t019 72.8 49,831  85.1 6.5 8.4 68.1 52,379 745 159 9.6 65.0 54,298  66.5 23.2 104
20to 24 67.6 70,637 798 11.2 8.9 62.2 70,224 631 266 10.3 59.0 70,808 51.2 37.6 11.2
251034 779 225,732 86.4 8.1 5.5 734 217,485 716 22.2 6.2 69.9 205,788  60.0 33.1 6.9
35t0 44 80.1 191,606 89.0 5.2 5.7 777 180,773 809 129 6.2 76.0 173,808 745 19.1 6.4
4510 54 825 214,923 90.7 4.0 53 81.7 218,754 85.6 9.0 5.4 81.0 224,727 81.2 13.3 55
55 to 64 846 239,176 92.0 3.6 4.4 845 245326 879 7.8 4.3 839 252,859 841 11.7 4.2
65t0 74 84.0 234975 932 31 3.7 84.3 237,871 89.9 6.5 3.6 83.8 240,058 86.8 9.6 3.6
75 or older 775 305304 929 31 4.0 78.0 284,953 89.5 6.3 44 76.4 262,314  86.2 9.7 41

Notes: Sex and age group were defined using information available in the DAD and available in the linkage key only (comprised of birth date//sex//postal code). Province/Territory was defined based
on the first letter of the postal code. Because their postal codes all begin with X, the Northwest Territories and Nunavut were combined.

Sources: 2006 Census of Population; 2006/2007 to 2008/2009 census-linked Discharge Abstract Database.
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six categories: North American Indian
(only), Métis (only), Inuit (only), other
Aboriginal (multiple or indeterminate),
Aboriginal (composite of four preceding
categories), or non-Aboriginal.

Country of birth, citizenship, and
immigration status were combined into
an immigrant status variable: immi-
grant, non-immigrant or non-permanent
resident. Immigrants were further sub-
divided into long-term (arrived at least
10 years before the 2006 Census) and
recent (arrived in the 9 years before the
2006 Census).

A one-year residential mobility
variable was created to reflect address
changes: same address, moved within
Canada, or moved from outside Canada.
This was derived by comparing each
respondent’s municipality and province
of residence on Census Day and one year
earlier.

A rural/urban variable reflected
location and community size. Farm and
non-farm residences in areas with a
population of less than 1,000 were con-
sidered rural/farm. Population centres
were categorized as small (1,000 to
29,999), medium (30,000 to 99,999) and
large (100,000 or more).

Respecting respondent privacy

Statistics Canada ensures respondent
privacy during the linkage and subse-
quent use of linked files. Only employees
directly involved in the process have
access to the unique identifying informa-
tion required for linkage (such as names
and HINs) and do not access health-re-
lated information. When the data linkage
is completed, an analytical file is created
from which identifying information
is removed. This de-identified file is
accessed by analysts for validation and
analysis.

Results

Linkage results

Overall, 80%, or 1.66 million of eli-
gible 2006/2007 DAD keys, were linked
to the 2006 Census (Table 1). Results
were similar for the eligible 2007/2008
(78% or 1.60 million) and 2008/2009
(77% or 1.57 million) DAD keys. The

Table 3

Number and percentage of long-form 2006 Census respondents eligible for linkage
and discharged from acute-care hospitals, by selected characteristics, Canada
excluding Quebec, 2006/2007, 2007/2008 and 2008/2009

Long-form Eligible census respondents linked to DAD
census Eligible
respondents  for linkage 2006/2007 2007/2008 2008/2009
'000 '000 % '000 % '000 % '000 %

Canada excluding Quebec 4946.2 46527 94 2597 56 2491 54 2415 52
Province/Territory
Newfoundland and Labrador 103.5 978 94 59 6.1 59 6.0 57 5.8
Prince Edward Island 26.2 245 94 18 7.2 1.7 6.9 16 6.6
Nova Scotia 182.4 1716 94 9.7 56 94 55 92 54
New Brunswick 146.5 1412 96 100 7.1 95 6.8 9.0 64
Ontario 2,387.9 22545 94 1142 51 1093 48 1059 47
Manitoba 278.9 2637 94 174 6.6 165 6.3 16.6 6.3
Saskatchewan 239.2 2252 94 176 738 165 7.3 159 7.1
Alberta 681.5 640.7 94 373 538 358 5.6 344 54
British Columbia 830.5 769.1 92 416 54 404 53 39.2 541
Yukon 13.9 13.0 94 0.7 53 0.7 55 07 57
Northwest Territories 26.3 246 93 1.7 6.8 16 65 15 6.2
Nunavut 29.3 26.8 91 1.7 65 1.7 64 1.7 64
Sex
Male 24325 272844 94 1018 45 975 43 955 4.2
Female 25137 23683 94 1579 6.7 1515 64 1460 6.2
Age group
Younger than 1 56.8 51.8 91 8.4 16.2 1.7 34 1.1 21
1t04 229.8 213.0 93 59 27 42 20 34 16
5109 305.2 2844 93 42 15 37 13 34 12
10to 14 345.1 3217 93 47 15 55 17 61 19
151019 354.7 330.7 93 98 29 104 3.2 109 33
20to 24 329.6 307.7 93 138 45 141 46 13.7 45
251034 623.4 5874 94 417 74 40.2 6.8 372 63
351044 756.2 7155 95 29.1 441 26.7 3.7 249 35
45 to 54 767.2 7250 94 288 4.0 289 4.0 293 40
55 to 64 556.1 525.3 94 33.0 6.3 340 6.5 341 65
6510 74 343.6 3259 95 345 10.6 352 10.8 353 10.8
75 or older 278.5 2642 95 46.0 17.4 444 16.8 42.0 15.9
Household income quintile
1 (lowest) 989.2 9116 92 56.7 6.2 530 5.8 506 5.6
2 989.2 9271 94 58.7 6.3 56.5 6.1 546 5.9
3 989.3 9336 94 515 55 498 53 485 52
4 989.3 9381 95 47.8 5.1 462 49 449 438
5 (highest) 989.3 9421 95 449 48 436 4.6 429 46
Education (aged 18 or older)
Secondary graduation or more 29791 28185 95 1600 57 1581 56 1536 55
Less than secondary

graduation 811.9 7599 93 712 94 69.8 9.2 675 8.9
Aboriginal identity
Any Aboriginal 470.2 4222 90 326 7.7 310 73 302 7.2
North American Indian only 345.0 3064 89 250 81 238 738 233 76
Métis only 84.3 784 93 50 6.4 46 59 45 57
Inuit only 325 299 92 21 70 20 6.9 20 6.7
Mulitple Aboriginal 8.4 76 91 05 6.8 05 6.9 05 6.6
Non-Aboriginal 44759 42304 94 2271 54 2181 52 2113 50
Immigrant status
Non-immigrant 3,864.2 36272 94 2055 57 1962 54 1903 5.2
Immigrant 1,034.8 9825 95 531 54 519 53 50.2 5.1
Long-term (arrived 10 or

more years before

2006 Census) 3155 2979 94 119 40 1.1 37 103 34
Recent (arrived 9 or fewer

years before 2006 Census) 7193 684.6 95 411 6.0 40.8 6.0 40.0 5.8
Non-permanent resident 47.0 429 91 11 25 1.0 24 1.0 23




majority of links between the DAD and
the 2006 Census (72% for 2006/2007
DAD to 59% for 2008/2009 DAD,
or 1.50 to 1.22 million, respectively)
were achieved in the first iteration,
which required an exact match on birth
date, sex and postal code. The number
of links achieved using postal codes from
tax files (iterations 2 to 4) ranged from
79,000 (4%) with the 2006/2007 DAD
to 265,000 (13%) with the 2007/2008
DAD. Iterations 5 to 28 added an addi-
tional 85,000 to 88,000 (4%) links,
depending on the DAD year.

The percentage of DAD keys linking
to census keys tended to be consistent
across provinces and age groups, but
some exceptions were evident (Table 2).
For example, the percentages of DAD
keys that linked were comparatively low
in Alberta (77% with 2006/2007 DAD to
73% with 2008/2009), British Columbia
(78% to 75%) and the territories (73% to
72%). Lower rates were also observed
for infants younger than age 1 (73% to
68%) and for 15- to 24-year-olds (70%
to 61%).

The percentage of long-form census
respondents who linked to the DAD (that
is, they were hospitalized) ranged from
5.6% (2006/2007) to 5.2% (2008/2009)
(Table 3). Linkage rates reflected
expected differential use of hospital ser-
vices. The rate was higher among females
than males. Infants younger than 1 on
Census Day (May 16, 2006) and seniors
were more likely than other age groups
to link to 2006/2007 DAD records. In
subsequent DAD vyears, seniors’ linkage
rate remained comparatively high, but
the rate among children who had been
younger than age 1 on Census Day fell to
that of children who had been aged 1 to 4
on Census Day. Other groups with higher
linkage rates were people in low-income
quintiles (6%) and those who identified
as Aboriginal (7%). Linkage rates tended
to be higher among rural than among
urban populations.

Coverage evaluation

Coverage rates for all-cause hospital-
izations for 2006/2007 to 2008/2009
were 17% (unweighted) and 80% to
78% (weighted) (Table 4), but varied by
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Number and percentage of long-form 2006 Census respondents eligible for linkage
and discharged from acute-care hospitals, by selected characteristics, Canada
excluding Quebec, 2006/2007, 2007/2008 and 2008/2009

Long-form Eligible census respondents linked to DAD
census Eligible
respondents  for linkage 2006/2007 2007/2008 2008/2009
'000 '000 % '000 % '000 % '000 %
Residential mobility
Same address 41813 39434 94 2175 55 2145 54 2086 5.3
Different Canadian address 651.9 610.5 94 322 53 31.3 51 303 5.0
Moved from outside Canada 50.5 46.8 93 16 35 16 33 1.4 3.1
Residence
Rural and farm 1,213.0 1,1123 92 753 6.8 731 6.6 70.7 6.4
Population centre
Small (1,000 to 29,999) 600.3 560.6 93 382 6.8 368 6.6 355 6.3
Medium (30,000 to 99,999) 425.6 4054 95 247 6.1 235 5.8 229 57
Large (100,000 or more) 2,707.2 25745 95 1214 47 1156 45 1123 4.4

% eligible for linkage = (number of long-form census respondents with unique linkage key/number of long-form census respon-

dents)*100

% hospitalized = (number of eligible long-form census respondents hospitalized/number of eligible long-form census respon-

dents)*100

Sources: 2006 Census of Population; 2006/2007 to 2008/2009 census-linked Discharge Abstract Database (DAD).

jurisdiction. For example, unweighted
coverage rates ranged from 16% to 22%
in the provinces, and from 29% to 69%
in the territories. Weighted coverage
rates ranged from 75% to 84% in the
provinces, and from 62% to 72% in the
territories.

Over the study period, unweighted and
weighted coverage rates were similar by
sex, but not by age group. The weighted
2006/2007 rates for infants younger than
age 1 and 15- to 24-year-olds were 6 to
10 percentage points below the all-ages
total. Weighted coverage rates based on
the 2007/2008 and 2008/2009 linked files
also reflected this pattern, but because age
was defined by the census rather than by
hospitalization, undercoverage of youth
in the later DAD files was apparent in the
next-oldest age groups.

Discussion

Based on a hierarchical deterministic
exact matching approach, about 80% of
linkage keys identified in the hospitaliza-
tion data were linked to the 2006 Census.
This was similar to other Canadian
studies, which reported match rates of
75% among records expected to link.34%4!

The hierarchical approach iden-
tified matches that would have been
missed by a deterministic exact match
approach conducted in a single pass."

While the majority of links in the
present study were made in the first
iteration, an additional 8% to 17%
were made in subsequent iterations.
The use of updated postal codes from
tax data to account for mobility con-
tributed to achieving additional links,
particularly for later years, and overcame
a limitation typical of most census-fol-
low-up  studies.” Linkage rates,
coverage and quality of the data linkage
remained consistent throughout the
three-year study period.

Linkage rates to the DAD among the
census long-form cohort were 5% to 6%,
representing the percentage who experi-
enced at least one hospitalization during
the three years. Linkage rates were higher
among specific groups: seniors, people
in low income quintiles, and Aboriginal
people. This is consistent with previous
research,’*%* and provides evidence
of the validity of the linkage and the
suitability of the linked data for health
analysis.

Coverage analysis revealed that the
linked census-DAD file represents the
majority of hospital events that occurred
during the period (weighted results).
Furthermore, the pattern of hospital-
izations by patient characteristics was
similar to results from the DAD alone,
with some exceptions.
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Unweighted coverage rates varied
geographically, ~with higher rates
in the territories, Manitoba’s and
Saskatchewan. This is attributable to the
sampling strategy of the census, whereby
up to 100% of individuals in remote areas
and on Indian Reserves and Settlements
were asked to complete the long-form
questionnaire. When weights were
applied, Manitoba’s and Saskatchewan’s
coverage rates were closer to rates for
the other provinces. However, weighted
rates for the territories were lower than
those for the provinces; linked data
may underestimate hospitalizations of
territorial residents because of census

undercoverage, higher rates of mobility,
and/or a tendency to be hospitalized
outside their jurisdiction of residence.?>**

As expected, the analysis revealed
potential undercoverage of hospitaliza-
tions of specific age groups. For infants
younger than age 1, lower linkage and
coverage rates may be related to the
availability of HINs on hospital birth
records.”® Despite attempts to correct
this during data processing, some likely
remained unresolved. Coverage rates
were also lower among 15- to 24-
year-olds, possibly reflecting census
undercoverage of populations with
less stable living arrangements and/or

incomplete coverage of some Aboriginal
populations.”?** Because some of these
populations have relatively high hos-
pitalization rates, missed links may have
a greater impact on coverage than the
absolute numbers would suggest.*®
Same-sex twins residing at the same
address on Census Day and same-sex
twins hospitalized with the same postal
code would have been dropped from
the linked data file because of their non-
unique linkage keys. However, twins
and higher-order births represent about
3% of all births annually, and same-sex
higher-order births are even rarer.*

Table 4

Unweighted and weighted coverage rates for acute-care hospital discharges, by province, sex and age, Canada excluding
Quebec, 2006/2007, 2007/2008 and 2008/2009

2006/2007

2007/2008

2008/2009

Long-form census

Long-form census

Long-form census

Unlinked ISUS Unlinked ISUE Unlinked 1SUS
hospital ~ Fepondents hospitalized hospital  Fepondents hospitalized hospital ~ Fepondents hospitalized
discharges (numerator) discharges (numerator) discharges (numerator)
(denominator) Unweighted  Weighted (denominator) Unweighted  Weighted (denominator) Unweighted  Weighted

‘000 ‘000 % ‘000 % ‘000 ‘000 % ‘000 % ‘000 ‘000 % ‘000 %
Canada excluding Quebec 2,045.0 351.8 17.2 1,629.4 79.7 1,967.5 3382 17.2 1,566.0 79.6 1,9421 327.0 16.8 1,5134 779
Province/Territory
Newfoundland and Labrador 52.9 8.4 16.0 40.5 76.5 51.0 8.4 16.4 39.8 78.0 49.4 8.0 16.3 38.3 77.6
Prince Edward Island 15.8 25 16.0 129 81.6 15.1 25 165 12.6 83.7 14.8 23 155 11.7 79.6
Nova Scotia 804 133 16.5 65.8 81.8 76.7 127 16.6 63.1 823 770 125 16.2 62.4 81.0
New Brunswick 871 142 16.3 69.7 80.0 822 134 163 66.1 80.4 79.3 126 159 61.8 78.0
Ontario 917.7 1495 163 741.8 80.8 876.3 1430 163 711.3 81.2 863.7 1386 16.0 688.0 79.7
Manitoba 113.8 253 222 91.6 80.4 1096 240 219 86.6 79.0 109.0 236 21.7 849 779
Saskatchewan 1216 259 21.3 98.8 81.3 1157 245 212 92.7 80.1 113.3 236 20.8 89.5 79.0
Alberta 291.0 49.7 171 2274 782 2829 480 17.0 2194 776 279.3 46.0 165 2109 755
British Columbia 3526 574 163 2731 774 3465 56.1 16.2 266.6 76.9 3450 544 158 2578 747
Yukon 33 1.0 29.0 2.0 62.4 33 1.0 314 2.2 67.7 34 1.0 30.6 24 715
Northwest Territories 5.1 2.3 458 3.3 657 5.1 2.3 457 3.3 658 47 2.1 450 3.3 695
Nunavut 37 2.3 63.0 2.4 657 3.2 22 674 2.2 69.4 3.2 2.2 69.0 23 716
Sex
Male 858.5 1456 17.0 6791 79.1 816.5 139.9 17.1 6526 79.9 804.4 136.6 17.0 638.0 79.3
Female 1,186.5 206.2 17.4  950.3 80.1 1,151.0 1983 17.2 9135 794 1,137.7 1904 16.7 875.4 769
Age group
Younger than 1 54.3 89 16.5 39.1 720 0.2 0.0 12.6 0.1 55.4
1104 43.9 8.1 184 342 780 34.7 59 1741 254 732 204 3.3 16.2 14.3 70.3
5t09 274 51 187 22.7 829 26.4 50 18.8 21.9 83.0 25.3 45 17.7 19.5 77.3
10t0 14 29.7 56 18.7 239 80.3 29.3 55 18.8 234 80.0 28.7 51 17.7 21.8 75.9
151019 63.7 119 187 47.4 743 639 12.0 187 471 736 625 11.7 187 452 72.3
201024 994 16.8 169 69.8 70.2 99.7 157 157 63.0 63.2 97.1 146 15.0 57.4 59.1
2510 34 2841 487 172 2233 786 288.8 46.8 16.2 2144 742 286.5 434 152 196.6 68.6
35t0 44 2118 36.6 17.3 168.7 79.7 207.8 349 16.8 159.7 76.9 2021 328 16.3 1491 738
4510 54 2221 389 175 178.8 80.5 2223 389 175 179.0 80.5 2217 380 17.1 1757 79.2
55 to 64 261.5 474 181 220.2 84.2 2640 481 182 2225 843 266.5 472 17.7 221.0 829
65t0 74 289.0 516 17.8 2452 849 2857 519 182 246.7 86.3 286.4 517 18.0 2453 857
75 or older 4582 721 157 356.2 77.7 4447 736 16.5 362.8 81.6 4451 747 168 3675 82.6

Unweighted coverage rate = (Total hospitalizations of long-form census respondents/Total hospitalizations according to DAD)*100
Weighted coverage rate = (Total hospitalizations of long-form census respondents with census weights/Total hospitalizations according to DAD)*100
Notes: Unlinked and linked DAD estimates exclude stillbirths, non-acute care, non-Canadians, birth dates after Census day (May 16, 2006), health cards not issued by specific province or territory,
including unknown, CA, 99, and patients transfered from seniors’ residences.
Province for unlinked DAD uses health_card_prov_code.
Sources: 2006 Census of Population; 2006/2007 to 2008/2009 census-linked Discharge Abstract Database (DAD).



Limitations

The linked census-DAD file has a number
of important limitations.

First, to derive a set of unique linkage
keys, removal of specific keys from both
the census and the DAD was necessary.
In census short forms, 97.6% of keys
were retained; in census long forms,
about 94% of keys were retained. The
lower eligibility rate of long-form
respondents was most evident among
those with lower socioeconomic status,
people identifying as Aboriginal, rural/
farm residents, and residents of Nunavut
and British Columbia. Factors such as
inaccurate or incomplete recording of
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