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Health administrative databases are increasingly 
being used for population-based studies.1 Typi-
cally, outcomes for these studies are assessed with 

the use of diagnostic codes, which have limited accuracy for 
the identification of some laboratory-diagnosed condi-
tions.2–4 This may lead to nondifferential outcome misclassi-
fication bias, which underestimates the outcome in these 
studies.2 In Ontario, an important improvement in the diag-
nostic accuracy of laboratory-diagnosed conditions occurred 
in 2007 with the introduction of the Ontario Laboratories 
Information System (OLIS), an electronic repository of the 
province’s laboratory test results.5 This system was imple-
mented to allow health care providers timely access to labo-
ratory test results from both community- and hospital-based 
laboratories. The OLIS data have recently been linked to 
Ontario’s other health care administrative databases at ICES 
(a not-for-profit research institute; ices.on.ca), which pro-

vides opportunities for more accurate assessment of 
laboratory-diagnosed outcomes such as acute kidney injury, 
hyperkalemia and hyponatremia.

However, after the implementation of OLIS, not all 
laboratories began submitting their data simultaneously: 
community laboratories began their contributions to OLIS 
from the outset, but hospital-based laboratories across the 
province began their contributions at various times since 
2007, and, as of September 2018, not all had contributed.6 
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Background: In 2007, an electronic repository called the Ontario Laboratories Information System (OLIS) was introduced to allow health 
care providers timely access to laboratory test results. Since not all laboratories began submitting their data to OLIS simultaneously, we 
sought to create a date-dependent table of geographic regions (forward sortation areas [FSAs]) from which people would likely present to 
a hospital linked to OLIS.

Methods: In this descriptive study, we used administrative data to capture adults in Ontario who presented to the emergency depart-
ment for any reason from 2007 to 2017. To assess changes over time, we classified all emergency department visits into fiscal quarters. 
The primary outcome measure was the proportion of people in a given FSA presenting to an emergency department at an OLIS-linked 
hospital (v. a hospital not linked to OLIS). To be included in the catchment area, at least 90% of all emergency department visits in a 
given quarter from a given FSA must have occurred at an OLIS-linked hospital.

Results: By Dec. 31, 2017, 323 (61.4%) of 526 Ontario FSAs were in the catchment area (a population of about 8.5 million). 
There were no differences in selected demographic characteristics or comorbidities between people residing within the catchment 
area of OLIS-linked hospitals and those residing in the catchment area of unlinked hospitals on Dec. 31, 2017.  We used the FSA 
information to construct a date-dependent table of geographic areas likely to have hospital laboratory data available in OLIS for 
future studies.

Interpretation: We identified relevant Ontario geographic regions from which people would likely present to a hospital linked to OLIS. 
These geographic regions constitute a catchment area that may be used in future studies to capture adults who present to an OLIS-linked 
hospital with laboratory-defined conditions such as acute kidney injury, hyperkalemia and hyponatremia.
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According to eHealth Ontario, as of Dec. 31, 2017, 134 of 
the 262 hospital sites across the province were using OLIS, 
and 13 of the 14  Local Health Integration Networks 
(LHINs) were included.6,7 This variation presents a chal-
lenge when conducting retrospective population-based stud-
ies to assess laboratory-based outcomes during hospital 
encounters because, depending on the date of assessment, 
the patient’s laboratory results may or may not be available 
in OLIS. Thus, if a future study wanted to define a labora-
tory-based outcome using OLIS and included all hospitals in 
the province, the study would be biased because only people 
with laboratory data in OLIS would be captured, and out-
comes for those presenting to non-OLIS hospitals would be 
missed. The aim of the current study was to determine the 
geographic areas in Ontario from which people would likely 
have presented to a hospital with laboratory data included in 
OLIS, and how these areas changed over time. We used the 
resulting data to construct a date-dependent table of geo-
graphic areas likely to have hospital laboratory data available 
in OLIS for use in future studies in order to accurately assess 
people presenting to hospitals with laboratory-defined 
conditions.

Methods

Study design and research setting
We conducted this descriptive study using health administra-
tive databases, which are linked through unique encoded 
identifiers and analyzed at ICES. All Ontario residents receive 
universal access to physician services. We reported this study 
according to guidelines for observational studies.8

Data sources
We conducted the study using 6  linked data sets housed at 
ICES: the Ontario Registered Persons Database, which con-
tains demographic information for all residents of Ontario; 
the Canadian Institute for Health Information Discharge 
Abstract Database, which contains hospital admission diagno-
sis information for all people in Ontario; the National Ambu-
latory Care Reporting System Database, which contains 
information about emergency department visits; the OLIS; 
the Ontario Health Insurance Plan Database, which contains 
health claims information for both inpatient and outpatient 
physician services; and the Same Day Surgery Database, 
which contains information on day-surgery visits in Ontario 
Additional information about the data sets is provided in 
Appendix 1 (available at www.cmajopen.ca/content/7/4/E624/
suppl/DC1). The data set from the current study is held 
securely in coded form at ICES.

Cohort assembly
We identified all adults (age ≥  18 yr) who presented to the 
emergency department in the National Ambulatory Care 
Reporting System database for any reason between Apr. 1, 
2007, and Dec. 31, 2017. The cohort was classified according 
to fiscal quarter (Apr. 1–June 30, July 1–Sept.  30, Oct. 1–
Dec. 31, Jan. 1–Mar. 31). We excluded multiple emergency 

department visits by an individual patient within each quarter 
to ensure that only 1  visit per patient per quarter was 
reported (to avoid correlation by many visits by the same per-
son within a quarter). We excluded emergency department 
visits if there was missing information on the patient’s age or 
sex, if there was a recorded death date on or before the emer-
gency department visit date, or if the patient was not an 
Ontario resident. This was a standard data-cleaning exclusion 
done to ensure we were capturing valid emergency depart-
ment visits for adults only.

Identifying hospitals linked versus not linked to 
Ontario Laboratories Information System over time
Using data from eHealth Ontario,6 we compiled a list of 
Ontario hospitals and the fiscal quarter when they started 
contributing data to OLIS. To more precisely identify the 
date contributions began, we searched the OLIS database at 
ICES for dates of serum creatinine tests from specific hos-
pital laboratories using the unique Canadian Institute for 
Health Information institution numbers housed at ICES. 
We chose the serum creatinine test because it is among the 
top 5 most commonly ordered tests, so seeing when a given 
hospital began contributing results of this test to OLIS is a 
good indication of when that hospital joined OLIS. In addi-
tion, to date, all the laboratory tests in OLIS have not been 
linked at ICES, and only certain tests are available, so we 
chose the most common test that we were familiar with. 
The actual serum creatinine values were not used in the 
current study, since we were interested only in measure-
ment dates. We categorized hospitals as OLIS-linked 
beginning on the date their laboratory data began to popu-
late the OLIS database; they were considered nonlinked 
before this date. Hospitals that had not contributed data to 
OLIS before Dec. 31, 2017 were considered nonlinked for 
the entire study period.

Identifying the Ontario Laboratories Information 
System catchment area
In Canada, geographic regions are defined by postal codes, 
which help postal operators sort and deliver mail. A postal 
code comprises a combination of 6 characters that identify a 
delivery unit. The postal code begins with a forward sortation 
area (FSA; first 3  characters of the postal code). The first 
character represents the postal district, the second character 
represents whether the address is urban or rural, and the third 
character specifies a specific area within a city or town.9 The 
Ontario Registered Persons Database indicated that Ontario 
had 526 FSAs during the study period.

After determining which hospitals contributed to OLIS 
and when they started doing so, we sought to determine the 
geographic areas likely to be served by OLIS-linked hospitals 
(i.e.,  the catchment area). To determine a hospital’s catch-
ment area, we identified the home location of the patients 
(based on FSA) presenting to their emergency departments. 
An FSA was assigned to an OLIS-linked hospital if the hospi-
tal received 90% or more of the emergency department visits 
arising from that FSA in a given fiscal quarter. We used a 
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threshold of 90% because we wanted to be confident that a 
majority of emergency department visits that occurred from 
FSAs within our catchment area would prompt presentation 
to an OLIS-linked hospital. To apply this threshold, the 
region must be large enough to calculate stable proportions, 
but small enough to ensure that misclassification is minimized 
as much as possible. We considered other geographic units 
besides FSAs, including dissemination areas, LHINs, sub-
LHINs and census divisions. Dissemination areas are too 
small, as they consist of 400–700 people, so this group is too 
sparse to evaluate emergency department visits over a 
3-month period. Local Health Integration Networks are too 
large for defining hospital catchment areas, and even sub-
LHINs have around 150 000 people. Also, LHINs are politi-
cally created areas that are subject to change over time (and 
already have been phased out by the provincial government 
elected in 2018), whereas geographic units based on the cen-
sus or postal codes are not subject to change based on policy 
decisions. Although census tracts are a similar boundary, we 
chose FSAs because they are more commonly used and it is 
easier to identify people through their actual postal addresses. 
In addition, FSAs are easily identified and have been used in 
previous ICES analyses.10

Using these criteria, we generated a list of all eligible FSAs 
and the initial date of joining the catchment area. Next, we 
produced an interactive Shiny application with a map showing 
the change in the OLIS catchment area over time using 
RStudio and the Leaflet package. All other analyses were con-
ducted with SAS version 9.4 (SAS Institute).

Ethics approval
The use of data in this project was authorized under sec-
tion 45 of Ontario’s Personal Health Information Protection Act, 
which does not require review by a research ethics board.

Results

A flow diagram showing catchment area ascertainment between 
2007 and 2017 in Ontario is shown in Figure 1. As of Dec. 31, 
2017, 323 (61.4%) of the 526 FSAs were included in the catch-
ment area (see Appendix 2, available at www.cmajopen.ca/
content/7/4/E624/suppl/DC1, for a list of all eligible FSAs and 
the date they joined the catchment area). About 8.5 million peo-
ple resided within the FSAs in the catchment area of OLIS-
linked hospitals. The baseline characteristics of people residing 
within the catchment area of OLIS-linked hospitals and those 

Unplanned ED visits 
n = 62 895 141 

Eligible ED visits
n = 48 635 920 

Final cohort 
n = 34 654 769 

Ontario FSAs 
n = 526 

Catchment area
n = 323 

Excluded: FSAs where < 90% 
of ED visits occurred at 
OLIS-linked hospital as of 
December 2017
n = 203

Excluded  n = 14 259 221
• Missing sex or age, non-Ontario 

resident, death on/before ED visit 
date  n = 2 157 599

• < 18 yr n = 12 101 622

Excluded: patients with > 1 ED 
visit per quarter  n = 13 981 151 

Cohort selection
(visit level) 

FSA selection
(FSA level) 

Figure 1: Flow chart showing catchment area ascertainment between Apr. 1, 2007, and Dec. 31, 2017. Note: ED = emergency 
department, FSA = forward sortation area, OLIS = Ontario Laboratories Information System.
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residing in the catchment area of unlinked hospitals on Dec. 31, 
2017 are shown in Table 1. The 2 groups were similar across 
selected demographic characteristics and comorbidities.

An interactive map of Ontario is shown at this link: https://
tinyurl.com/OLISmap (see Appendix 3, available at www.
cmajopen.ca/content/7/4/E624/suppl/DC1, for explanation 
of abbreviations). The geographic catchment area continued 
to grow and expand across the province as more hospitals 
joined OLIS. A static map of the OLIS catchment area as of 
Dec. 31, 2017 is depicted in Figure 2.

Interpretation

In this study, the geographic catchment areas of hospitals with 
laboratory data available through OLIS were established, along 
with the temporal changes in these areas. Over time, there was 
an increase in the number of OLIS-eligible hospitals, with an 
associated increase in the number of FSAs included in the over-
all OLIS-linked catchment area. It is reassuring that the charac-
teristics of people within the catchment area are similar to those 
of people living outside of it, which suggests that results from 

Table 1: Baseline characteristics of people residing within the catchment area of hospitals 
linked to the Ontario Laboratories Information System and those residing in the catchment area 
of unlinked hospitals on Dec. 31, 2017

Characteristic

No. (%) of people*

Standardized
 difference, %†

Catchment area of 
unlinked hospitals
n = 4 739 202

Catchment area of 
OLIS-linked hospitals

n = 8 511 875

Female sex 2 380 493 (50.2) 4 318 779 (50.7) 1

Rural residence‡ 514 721 (10.9) 883 021 (10.4) 2

Age, yr

    Mean ± SD 49.00 ± 18.52 48.35 ± 18.24 4

    Median (IQR) 49 (34–62) 48 (33–61) 4

Age category, yr

    18–34 1 260 590 (26.6) 2 309 996 (27.1) 0

    35–44 761 956 (16.1) 1 457 822 (17.1) 1

    45–54 865 243 (18.3) 1 599 389 (18.8) 1

    55–64 825 632 (17.4) 1 434 415 (16.8) 0

    65–74 567 124 (12.0) 948 119 (11.1) 1

    75–84 303 503 (6.4) 500 634 (5.9) 1

    85–94 132 614 (2.8) 219 658 (2.6) 1

    ≥ 95 22 540 (0.5) 41 842 (0.5) 0

Income quintile§

    1 (lowest) 998 131 (21.1) 1 539 627 (18.1) 7

    2 944 928 (19.9) 1 629 030 (19.1) 2

    3 920 995 (19.4) 1 741 443 (20.4) 3

    4 929 142 (19.6) 1 851 508 (21.8) 5

    5 (highest) 946 006 (20.0) 1 750 267 (20.6) 1

Comorbidities in previous 5 yr

    Hypertension 1 084 337 (22.9) 1 863 194 (21.9) 2

    Diabetes 541 778 (11.4) 1 011 328 (11.9) 1

    Chronic kidney disease 144 924 (3.1) 243 818 (2.9) 1

    Congestive heart failure 112 954 (2.4) 164 019 (1.9) 3

    Major cancer¶ 201 358 (4.2) 357 584 (4.2) 0

Note: IQR = interquartile range, OLIS = Ontario Laboratories Information System, SD = standard deviation.
*Except where noted otherwise.
†Standardized differences are less sensitive to sample size than traditional hypothesis tests. They provide a measure of the 
difference between the groups divided by the pooled standard deviation; a value greater than 10% is interpreted as a 
meaningful difference between the groups.11

‡Missing rural status was categorized as not rural.
§Missing income quintile was imputed into the third quintile.
¶Lung/bronchi, colon/rectum, breast, pancreas, prostate, leukemia, non-Hodgkin lymphoma, liver, ovarian or esophageal.
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future studies restricted to the OLIS catchment area should be 
generalizable to the entire Ontario population. People will be 
included in these future cohorts examining laboratory-based 
outcomes in the hospital setting only if their cohort entry dates 
were on or before the OLIS eligibility dates in the table of all 
eligible FSAs and the date they joined the catchment area.

This study builds on previous work done in Ontario that 
used common electronic medical laboratory data from 12 hos-
pitals to define geographic catchment regions within south-
western Ontario (Cerner system).10 Since that paper was pub-
lished, there have been a number of population-based cohort 
studies using the defined Cerner catchment area that assessed 
the risk for hospital admission for rhabdomyolysis after statin 
use, the risk of acute kidney injury after coprescription of cla-
rithromycin compared to azithromycin in patients taking a 
calcium-channel blocker, and hyponatremia after the use of 
antidepressant and antiepileptic drugs.12–15

Strengths and limitations
A strength of the current study is our use of emergency 
department visits to establish hospital catchment areas rather 

than inpatient hospital admission, which may not represent 
the local hospital closest to the patient, as people may travel 
farther to receive specialized services. This method reduced 
the risk of outcome misclassification bias, as we likely cap-
tured a set of eligible FSAs for a particular hospital that a 
patient would present to. The reliability of our findings is 
supported by the large number of emergency department vis-
its across the entire province to form the basis of catchment 
area ascertainment. In addition, there were few eligibility 
restrictions, as all adults permanently residing in Ontario were 
considered for study inclusion. A limitation to the approach of 
using emergency department visits to establish hospital catch-
ment areas is that some people who are transferred and admit-
ted to a hospital outside their local catchment area will not be 
captured. In addition, there were discrepancies between the 
fiscal quarter dates provided by the eHealth Ontario website 
and the dates that laboratory tests first appeared in OLIS data. 
Another limitation was that we determined catchment areas 
using a threshold of at least 90% of people from a given FSA 
with an emergency department visit presenting at an OLIS-
linked hospital, so not all people residing in a catchment area 

Figure 2: Representation of all catchment regions (blue shading) eligible for the Ontario Laboratories Information System as of Dec. 31, 2017.
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visited an OLIS-linked hospital. This introduces the small 
risk of nondifferential outcome misclassification bias for 
future studies that use this catchment area to define their 
study populations, which may underestimate the true effect. 
We also recognize that certain readers may prefer a lower 
threshold to include more people, but, for our purposes at 
ICES and in our future studies, we wanted to be confident we 
were assessing outcomes correctly, rather than have larger 
samples with a higher risk of outcome misclassification bias. 
In addition, there may have been some loss of information 
from dichotomizing at 90% rather than using the actual per-
centages for all FSAs. However, we chose to dichotomize the 
data because, to create the catchment area, we needed a speci-
fied threshold to use. The threshold of 90% maximizes speci-
ficity (i.e.,  minimizes false-positive FSAs) while potentially 
hindering sensitivity. It is worth noting that the catchment 
area would potentially change if we had included all emer-
gency department records and not just the first 1 per person 
per quarter, but we decided to use an approach whereby there 
would be no within-individual correlation within the quarters. 
We treated each quarter as a different “cohort” and then 
linked the FSAs from each of these cohorts to OLIS or non-
OLIS hospitals; thus, no direct comparison or testing 
occurred between quarters, so we felt no need to account for 
this correlation. Another consideration is that hospitals within 
Ontario are continually joining OLIS; thus, updates to this 
catchment area will be needed in the future.

Conclusion
Researchers who wish to use OLIS in future studies may use 
the date-dependent table for ascertaining laboratory-
diagnosed outcomes, such as acute kidney injury related to 
drug exposure, among patients admitted to hospital. The 
results of the current study can be used in future research to  
assess OLIS-linked laboratory outcomes by ensuring that 
people included in these future cohorts are accurately cap-
tured in OLIS.
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