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T he spread of SARS-CoV-2, the virus causing COVID-19, has 
resulted in a pandemic with heterogeneity in exposure and 
risk of transmission.1–4

Heterogeneity in social determinants of COVID-19 may exist at 
the individual and community (e.g., by housing density5–7) levels. 
In addition, social determinants of health, including barriers to 
health care, occupation, structural racism and xenophobia, have 
been implicated in COVID-19 risk.8,9 Environmental determinants 
such as ambient air pollution may also play a role, as evidence 

indicates that higher ambient air pollution increases risk for 
infection with other respiratory viruses10,11 and the development 
of severe COVID-19.12,13 Environmental factors are linked with 
structural racism (e.g., in the context of low-quality housing).12,14

Using observational data to identify risk factors for COVID-19 
relies on SARS-CoV-2 testing, a service that is not equally distrib-
uted.15 Differential testing introduces the potential for selection 
biases,16,17 including collider bias.17 Collider bias may be intro-
duced into epidemiologic studies of COVID-19 risk factors if the 
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ABSTRACT
BACKGROUND: Optimizing the public 
health response to reduce the burden of 
COVID-19 necessitates characterizing 
population-level heterogeneity of risks 
for the disease. However, heterogeneity 
in SARS-CoV-2 testing may introduce 
biased estimates depending on analytic 
design. We aimed to explore the poten-
tial for collider bias in a large study of 
disease determinants, and evaluate 
individual, environmental and social 
determinants associated with SARS-
CoV-2 testing and diagnosis among resi-
dents of Ontario, Canada.

METHODS: We explored the potential 
for collider bias and characterized indi-
vidual, environmental and social deter-
minants of being tested and testing 
positive for SARS-CoV-2 infection using 
cross-sectional  analyses  among 
14.7  million community-dwelling peo-
ple in Ontario, Canada. Among those 

with a diagnosis, we used separate ana-
lytic designs to compare predictors of 
people testing positive versus negative; 
symptomatic people testing positive 
versus testing negative; and people 
testing positive versus people not test-
ing positive (i.e., testing negative or not 
being tested). Our analyses included 
tests conducted between Mar.  1 and 
June 20, 2020.

RESULTS: Of 14 695 579 people, we 
found that 758 691 were tested for 
SARS-CoV-2, of whom 25 030 (3.3%) had 
a positive test result. The further the 
odds of testing from the null, the more 
variability we generally observed in the 
odds of diagnosis across analytic 
design, particularly among individual 
factors. We found that there was less 
variability in testing by social determi-
nants across analytic designs. Residing 
in areas with the highest household 

density (adjusted odds ratio [OR]  1.86, 
95% confidence interval [CI] 1.75–1.98), 
highest proportion of essential workers 
(adjusted OR  1.58, 95% CI 1.48–1.69), 
l o w e s t  e d u c a t i o n a l  a t t a i n m e n t 
(adjusted OR  1.33, 95% CI 1.26–1.41) 
and highest proportion of recent immi-
grants (adjusted OR  1.10, 95% CI 1.05–
1.15) were consistently related to 
increased odds of SARS-CoV-2 diagnosis 
regardless of analytic design.

INTERPRETATION: Where testing is lim-
ited, our results suggest that risk factors 
may be better estimated using population 
comparators rather than test-negative 
comparators. Optimizing COVID-19 
responses necessitates investment in 
and sufficient coverage of structural 
interventions tailored to heterogeneity in 
social determinants of risk, including 
household crowding, occupation and 
structural racism.
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factors under investigation are related both to developing an 
infection and to the likelihood of being tested.17–19 For example, 
data suggest that people with diabetes are more likely to 
develop severe COVID-19 if infected with SARS-CoV-2.20,21 Thus, if 
infected, people with diabetes may be more likely to be tested, 
and consequently, diabetes may appear to be associated with a 
diagnosis of COVID-19 in studies of those tested for SARS-CoV-2, 
even if diabetes is not a risk factor for infection.17 The opposite 
may occur with underlying respiratory diseases (e.g., asthma) 
that have symptoms similar to those caused by SARS-CoV-2, 
leading to the appearance of potentially “protective” associa-
tions with COVID-19.22

Our objectives were to explore the potential for collider 
bias in a large study of COVID-19 determinants and examine 
individual, environmental and social determinants associated 
with testing and diagnosis among 14.7 million people in 
Ontario, Canada.17

Methods

Study population, setting and design
We conducted an observational study using data from population-
based laboratory and health administrative databases in Ontario. 
Ontario’s health system provides universal access to hospital and 
physician services23 and laboratory testing.24 We used data from 
people who were tested between Mar.  1 and June 20, 2020, to 
identify determinants associated with testing, and then used 
3 analytic designs to identify determinants associated with a posi-
tive result for SARS-CoV-2 testing.

Data sources, linkages and inclusion criteria
We identified testing status using data from the Ontario Laboratories 
Information System (OLIS) and linked this information to relevant 
health-related data sets containing demographic, health care use 
and area-level information. These data sets were linked using unique 
encoded identifiers and analyzed at ICES.25

The OLIS captured about 88% of all laboratory-identified 
SARS-CoV-2 reported by the province during the study period 
(calculated by cases identified in OLIS divided by the number of 
cases reported by Ontario’s COVID-19 dashboard in the same 
time frame). The OLIS records included specimen collection 
date, results and a text field for symptoms that was completed 
by health care providers at the time of sampling. We obtained 
individual- and area-level demographic and environmental infor-
mation from the Registered Persons Database; the Canadian 
Institute for Health Information’s Discharge Abstract Database, 
Same Day Surgery Database and National Ambulatory Care 
Reporting System; the Ontario Health Insurance Program; the 
Ontario Mental Health Reporting System; the Ontario Population 
Health and Environment Cohort; and the 2016 Canada Census26 
(Appendix  1, Supplemental Table  1, available at www.cmaj.ca/
lookup/doi/10.1503/cmaj.202608/tab-related-content).

For people with more than 1 test in OLIS, we used the first posi-
tive or indeterminate test, or the first negative test if all tests dur-
ing the study period were negative. We included people who were 
not tested during the study period if they were not recorded as 

deceased before or born after Mar. 1, 2020. To assess determinants 
of testing and diagnosis, we included people who underwent poly-
merase chain reaction testing for SARS-CoV-2 infection and were 
not residing in a long-term care facility as of Mar. 1, 2020.

Selection and definition of potential determinants  
of positive results for SARS-CoV-2 testing
We included sex, age group, underlying health conditions and 
previous use of health care as individual-level determinants. We 
selected underlying health conditions as those identified in both 
the peer- and non-peer-reviewed literature as being associated 
with COVID-19 severity2,27–30 or with symptoms similar to those of 
COVID-19, because severity and symptoms may lead to differen-
tial testing and thus, collider bias;31–36 or conditions that increase 
the need for personal care support (e.g., dementia), thereby 
reflecting an intersection with occupational risks among essen-
tial care providers.37,38

We hypothesized that health care use would increase access 
to testing and signal a marker for comorbidities; we measured 
health care use by the number of hospital admissions in the past 
3  years, number of outpatient physician visits in the past year 
and influenza vaccination in the 2019–2020 season. We also 
included the Johns Hopkins ACG System39 Aggregated Diagnostic 
Groups (ADGs)40 as a composite measure of comorbidities.

Environmental determinants included fine particulate matter 
(PM2.5) using satellite-derived estimates41 and a land-use regres-
sion model for NO2

42 at the postal code level.
We conceptualized social determinants as area-based vari-

ables that might signal contact rates in communities (household 
density; apartment building density; and uncoupled status, e.g., 
not married);43,44 contact rates at work (“essential workers”);16,45 
socioeconomic barriers to health care access or housing (house-
hold income and educational attainment);46,47 and factors related 
to race and ethnicity (visible minority status and recent immigra-
tion).8,9 We derived these variables from the 2016 Canada Census 
at the level of dissemination areas (DAs), the smallest geographic 
unit at which Census data are collected.48 We ranked dissemina-
tion areas at the city level (for median per-person income equiva-
lent) or at the provincial level (for all other social determinants) 
and then categorized them into quintiles. For apartment building 
density and recent immigration status, the high frequency of 
zeros permitted the creation of only 3 categories (i.e., the lower 
3 quintiles combined, and the fourth and fifth quintiles).

Statistical analysis
We defined the testing outcome as receipt of at least 1 SARS-
CoV-2 test during the study period. The comparator group com-
prised Ontario residents who had no record of testing during the 
study period. We evaluated determinants of testing in unad-
justed, age- and sex-adjusted, and fully adjusted logistic regres-
sion models that included all determinants. The fully adjusted 
model also included a fixed-effect covariate for public health 
region. Public health regions are geographic areas in which pub-
lic health measures were differentially applied,49 and in which 
there may be variability in measured and unmeasured social 
determinants.50
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To address the potential for collider bias, we compared the 
odds of a positive test result for SARS-COV-2 derived from 
unadjusted, age- and sex-adjusted, and fully adjusted logistic 
regression models (including all determinants and public 
health regions) using 3 study designs. The “pseudo-test-negative” 
design compared people who tested positive to people who 
tested negative; the “true test-negative” design was restricted 
to tested people who were recorded as having symptomatic ill-
ness;51 and the “case–control” design compared all people 
with a positive test result with all people without a positive 
test result (i.e., people with a negative test result or who were 
not tested).

To identify the determinants of being tested for SARS-
CoV-2 and being positive for the virus, we focused on the 
results from fully adjusted logistic regression models from the 
pseudo-test-negative and case–control designs; the results 
using the true test-negative design are provided in Appendix  1. 
We interpreted each set of determinants as independent analy-
ses based on directed acyclic graphs (Appendix 1, Supplemental 
Figure 1). We believed that the case–control design had the least 
potential for collider bias. 

We conducted the statistical analysis using SAS version 9.4. 
To assess for collinearity, we evaluated tolerances and variance 
inflation factors.

Ethical approval
The use of data in this project was authorized under Section 45 of 
Ontario’s Personal Health Information Protection Act, which does 
not require review by a Research Ethics Board.

Results

Of 758 691 people tested during the study period, 25 030 (3.3%) 
tested positive for SARS-CoV-2 (Figure  1). Only 11.8% of those 
tested had a symptom recorded by the provider, 13.6% were 
considered asymptomatic, and 74.6% were missing symptom 
information. Descriptive characteristics of our study population 
are reported in Table 1 and Appendix 1, Supplemental Table 2.

Determinants of testing for SARS-CoV-2
In the fully adjusted analysis, we found that the odds of being 
tested increased with age (Table 2 and Appendix 1, Supplemental 
Table 3). Males had lower odds of testing than females. We also 
found that nearly every underlying health condition and most meas
ures of previous use of health care were associated with increased 
odds of testing. In contrast, higher ambient air pollution was asso-
ciated with reduced odds of testing. There was little variability in 
the odds of testing by most area-based social determinants of 
health. However, areas with higher visible minority populations 

Excluded:
• Unknown age or sex or non-Ontario resident  n = 66 034  
• Living in long-term care or nursing facility  n = 17 450 

Untested people 
in Ontario

n = 14 020 372

People in Ontario who underwent 
testing for SARS-CoV-2 infection 

n = 823 073

Excluded:
• Unknown age or sex or non-Ontario resident  n = 842  
• Living in long-term care or nursing facility  n = 63 540  

Untested comparison population
n = 13 936 888

People who underwent testing — for analysis 
n = 758 691

People who were 
asymptomatic or missing 

symptom information
n = 669 283

People with a  
negative test 

result
n = 648 306

People who were 
symptomatic

n = 89 408

People with a 
positive test 

result
n = 20 977

People with a 
negative test 

result
n = 85 355

People with a 
positive test 

result
n = 4053

Figure 1: Flow chart showing inclusion and exclusion criteria and resulting analytic data sets.
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had lower odds of testing, whereas areas with higher household 
income and greater percentages of uncoupled people had higher 
odds of testing. The estimates of the odds of being tested for 
most social determinants of health appeared to be progressively 

attenuated from unadjusted to age- and sex-adjusted, to fully 
adjusted regression models. Notably, the direction of the associa-
tion between testing and income quintile changed direction after 
adjustment (Figure 2 and Appendix 1, Supplemental Table 3).

Table 1 (part 1 of 2): Characteristics of the study population tested and not tested for SARS-CoV-2 in Ontario (Mar. 1 to June 20, 2020)

Characteristic

No. (%) of people who were tested* No. (%) of population of Ontario* 

Negative test result 
n = 733 661

Positive test result
n = 25 030

Untested control group 
n = 13 936 888

Tested
n = 758 691

Demographic
    Age, yr; mean ± SD 49.52 ± 20.99 47.45 ± 19.77 40.31 ± 22.91 49.45 ± 20.95
    Male sex 289 769 (39.5) 11 627 (46.5) 6 930 233 (49.7) 301 396 (39.7)
    Living in rural area or small town† 82 034 (11.2) 887 (3.5) 1 390 426 (10.0) 82 921 (10.9)
Chronic health condition
    Asthma 136 556 (18.6) 3887 (15.5) 2 085 118 (15.0) 140 443 (18.5)
    COPD 34 261 (4.7) 715 (2.9) 249 636 (1.8) 34 976 (4.6)
    Hypertension 226 111 (30.8) 7488 (29.9) 2 836 790 (20.4) 233 599 (30.8)
    Diabetes 108 758 (14.8) 4268 (17.1) 1 363 667 (9.8) 113 026 (14.9)
    Congestive heart failure 35 947 (4.9) 983 (3.9) 225 153 (1.6) 36 930 (4.9)
    Dementia or frailty 31 804 (4.3) 1106 (4.4) 124 295 (0.9) 32 910 (4.3)
    Cancer† 24 333 (3.3) 484 (1.9) 213 036 (1.5) 24 817 (3.3)
    Chronic kidney disease‡ 37 630 (5.1) 1122 (4.5) 254 541 (1.8) 38 752 (5.1)
    Immunocompromised§ 13 325 (1.8) 319 (1.3) 107 824 (0.8) 13 644 (1.8)
    Advanced liver disease 9020 (1.2) 212 (0.8) 78 747 (0.6) 9232 (1.2)
    Ischemic heart disease 33 855 (4.6) 880 (3.5) 324 682 (2.3) 34 735 (4.6)
    Ischemic stroke or TIA¶ 13 777 (1.9) 411 (1.6) 99 503 (0.7) 14 188 (1.9)
    Schizophrenia** 7526 (1.0) 220 (0.9) 64 494 (0.5) 7746 (1.0)
    Substance abuse** 22 238 (3.0) 478 (1.9) 216 156 (1.6) 22 716 (3.0)
Health care use
Adjusted Diagnostic Group (ADG) quintile
    1 (0 ADGs) 31 959 (4.4) 1571 (6.3) 1 616 852 (11.6) 33 530 (4.4)
    2 (1–2 ADGs) 101 895 (13.9) 3601 (14.4) 3 150 969 (22.6) 105 496 (13.9)
    3 (3–4 ADGs) 149 173 (20.3) 5101 (20.4) 3 385 602 (24.3) 154 274 (20.3)
    4 (5–6 ADGs) 150 394 (20.5) 5115 (20.4) 2 626 403 (18.8) 155 509 (20.5)
    5 (7–27 ADGs) 300 240 (40.9) 9642 (38.5) 3 157 062 (22.7) 309 882 (40.8)
Hospital admissions in the past 3 yr, mean ± SD 0.44 ± 1.34 0.33 ± 1.21 0.19 ± 0.60 0.44 ± 1.34
Outpatient physician visits in the past year, mean ± 
SD

7.35 ± 8.68 7.06 ± 8.33 4.67 ± 6.05 7.34 ± 8.67

Influenza vaccination (2019–2020 season) 213 722 (29.1) 5547 (22.2) 2 978 472 (21.4) 219 269 (28.9)
Environmental determinant††
PM2.5 (μg/m3 per yr)
    2 to < 6 161 300 (22.0) 1831 (7.3) 2 481 201 (17.8) 163 131 (21.5)
    6 to < 7 91 134 (12.4) 1766 (7.1) 1 555 790 (11.2) 92 900 (12.2)
    7 to < 8 207 966 (28.3) 8476 (33.9) 4 450 218 (31.9) 216 442 (28.5)
    8 to < 9 211 861 (28.9) 11 127 (44.5) 4 258 069 (30.6) 222 988 (29.4)
    ≥ 9 59 674 (8.1) 1747 (7.0) 1 073 665 (7.7) 61 421 (8.1)
NO2 (ppb per yr)
    0 to 6 328 613 (44.8) 5237 (20.9) 5 505 976 (39.5) 333 850 (44.0)
    6 to 8 170 693 (23.3) 5599 (22.4) 3 409 506 (24.5) 176 292 (23.2)
    ≥ 8 232 629 (31.7) 14 111 (56.4) 4 903 460 (35.2) 246 740 (32.5)
Social determinant of health‡‡ (area level)
Household density quintile§§
    1 (0–2.1) 162 623 (22.2) 3639 (14.5) 2 474 391 (17.8) 166 262 (21.9)
    2 (2.2–2.4) 140 653 (19.2) 3104 (12.4) 2 368 013 (17.0) 143 757 (18.9)
    3 (2.5–2.6) 104 896 (14.3) 2721 (10.9) 1 866 317 (13.4) 107 617 (14.2)
    4 (2.7–3.0) 166 089 (22.6) 6321 (25.3) 3 291 097 (23.6) 172 410 (22.7)
    5 (3.1–5.7) 152 578 (20.8) 8929 (35.7) 3 775 489 (27.1) 161 507 (21.3)
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Table 1 (part 2 of 2): Characteristics of the study population tested and not tested for SARS-CoV-2 in Ontario (Mar. 1 to June 20, 2020)

Characteristic

No. (%) of people who were tested* No. (%) of population of Ontario* 

Negative test result 
n = 733 661

Positive test result
n = 25 030

Untested control group 
n = 13 936 888

Tested
n = 758 691

Apartment building density category¶¶
    1 (0%–7.3%) 391 477 (53.4) 12 377 (49.4) 7 994 323 (57.4) 403 854 (53.2)
    2 (7.4%–37.7%) 145 108 (19.8) 3874 (15.5) 2 478 855 (17.8) 148 982 (19.6)
    3 (37.7%–104%) 190 244 (25.9) 8463 (33.8) 3 301 839 (23.7) 198 707 (26.2)
Uncoupled quintile***
    1 (11.2%–33.7%) 150 044 (20.5) 3539 (14.1) 3 130 907 (22.5) 153 583 (20.2)
    2 (33.7%–38.4%) 128 561 (17.5) 3915 (15.6) 2 698 847 (19.4) 132 476 (17.5)
    3 (38.5%–43.6%) 127 689 (17.4) 4632 (18.5) 2 579 005 (18.5) 132 321 (17.4)
    4 (43.6%–51.0%) 145 560 (19.8) 5591 (22.3) 2 633 710 (18.9) 151 151 (19.9)
    5 (51.0%–94.6%) 174 985 (23.9) 7037 (28.1) 2 732 838 (19.6) 182 022 (24.0)
Essential worker status†††
    1 (0%–32.5%) 145 517 (19.8) 3941 (15.7) 2 969 492 (21.3) 149 458 (19.7)
    2 (32.5%–42.3%) 155 189 (21.2) 5077 (20.3) 3 084 781 (22.1) 160 266 (21.1)
    3 (42.3%–49.8%) 149 589 (20.4) 4686 (18.7) 2 717 510 (19.5) 154 275 (20.3)
    4 (50.0%–57.5%) 143 965 (19.6) 5236 (20.9) 2 615 078 (18.8) 149 201 (19.7)
    5 (57.5%–114.3%) 133 601 (18.2) 5816 (23.2) 2 399 120 (17.2) 139 417 (18.4)
Household income quintile‡‡‡
    1 (lowest income) 156 320 (21.3) 7000 (28.0) 2 679 780 (19.2) 163 320 (21.5)
    2 148 687 (20.3) 5288 (21.1) 2 698 807 (19.4) 153 975 (20.3)
    3 145 317 (19.8) 5084 (20.3) 2 791 340 (20.0) 150 401 (19.8)
    4 140 352 (19.1) 4019 (16.1) 2 809 529 (20.2) 144 371 (19.0)
    5 (highest income) 138 103 (18.8) 3419 (13.7) 2 815 238 (20.2) 141 522 (18.7)
Limited educational attainment quintile§§§
    1 (0.0%–4.1%) 144 457 (19.7) 3903 (15.6) 2 926 432 (21.0) 148 360 (19.6)
    2 (4.1%–7.5%) 154 215 (21.0) 4477 (17.9) 2 978 444 (21.4) 158 692 (20.9)
    3 (7.5%–11.4%) 151 457 (20.6) 5052 (20.2) 2 888 525 (20.7) 156 509 (20.6)
    4 (11.4%–17.1%) 148 159 (20.2) 5314 (21.2) 2 659 544 (19.1) 153 473 (20.2)
    5 (17.1%–94.3%) 129 580 (17.7) 6010 (24.0) 2 333 134 (16.7) 135 590 (17.9)
Visible minority quintile¶¶¶
    1 (0.0%–2.2%) 130 912 (17.8) 1716 (6.9) 2 115 641 (15.2) 132 628 (17.5)
    2 (2.2%–7.5%) 137 826 (18.8) 2233 (8.9) 2 255 245 (16.2) 140 059 (18.5)
    3 (7.5%–18.7%) 137 744 (18.8) 3201 (12.8) 2 451 335 (17.6) 140 945 (18.6)
    4 (18.7%–43.5%) 153 503 (20.9) 5466 (21.8) 3 023 752 (21.7) 158 969 (21.0)
    5 (43.5%–102%) 167 893 (22.9) 12 140 (48.5) 3 940 245 (28.3) 180 033 (23.7)
Recent immigration category****
    1 (0.0%–2.1%) 401 300 (54.7) 8271 (33.0) 6 967 468 (50.0) 409 571 (54.0)
    2 (2.1%–4.7%) 146 772 (20.0) 5409 (21.6) 2 858 064 (20.5) 152 181 (20.1)
    3 (4.7%–41.2%) 174 829 (23.8) 11 018 (44.0) 3 898 463 (28.0) 185 847 (24.5)

Note: ADG = Aggregated Diagnostic Group, COPD = chronic obstructive pulmonary disease, DA = dissemination area, PM2.5 = fine particulate matter, SD = standard deviation, TIA = transient ischemic 
attack.
*Unless stated otherwise.
†We defined rural as being located outside the commuting zone of a city with a population greater than 10 000.
‡We counted people if they had a diagnosis in the last 5 years.
§We considered people to be immunocompromised if they were HIV positive, had an organ or bone marrow transplant, or had another immunodeficient condition.
¶This category includes people with ischemic stroke or TIA in the last 20 years.
**This category includes people with a diagnosis in the last 2 years.
††Values of PM2.5 > 12 μg/m3 or NO2 > 53 ppb per year has been found to be associated with increased risk of other respiratory illnesses.52 Values of PM2.5  and NO2 are provided at the postal code, not the DA, level.
‡‡All variables in this category are area-level variables at the level of the 2016 Canada Census DA.
§§Range of persons per dwelling.
¶¶The Census counts are randomly rounded up or down to the nearest number divisible by 5, which causes some minor imprecision: 7.3% represents the 60th percentile.
***Uncoupled people are those never married (people who have never legally married and are not living with a person as a couple); separated (people who are married but who are no longer living with 
their spouse [for reasons other than, e.g., illness, work or school], have not obtained a divorce and are not living with a person as a couple; divorced (people who have obtained a legal divorce, have not 
remarried and are not living with a person as a couple); and widowed (people who have lost their married spouse through death, have not remarried and are not living with a person as a couple).
†††Percentage of people in the area working in the following occupations: sales and service occupations; trades, transport and equipment operators and related occupations; natural resources, 
agriculture and related production occupations; and occupations in manufacturing and utilities. Census counts for people are randomly rounded up or down to the nearest number divisible by 5, 
which causes some minor imprecision.
‡‡‡Income quintile has variable cut-off values in each city or Census area, to take cost of living into account. A DA being in quintile 1 means it is among the lowest 20% of DAs in its city by income.
§§§Percentage of adults aged 25–64 yr in the area who have not received any type of diploma.
¶¶¶Percentage of people in the area who self-identified as a visible minority. Census counts for people are randomly rounded up or down to the nearest number divisible by 5, which causes some 
minor imprecision.
****Percentage of people in the area who are recent immigrants; 2.1% represents the 60th percentile.
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Table 2 (part 1 of 2): Odds of ever being tested for SARS-CoV-2 and of COVID-19 diagnosis in Ontario between Mar. 1 and June 20, 2020, in fully 
adjusted analyses using 2 analytic designs 

Determinant

People tested for SARS-CoV-2 People with a diagnosis of COVID-19*

Tested v. not tested
adjusted OR (95% CI)

Test-positive v. test-negative among 
all people tested†

adjusted OR (95% CI)
Test-positive v. not test-positive‡§

adjusted OR (95% CI)

Sample size 14 695 579 758 691 14 695 579

Individual determinant
Age group, yr (Ref. 0–4)

    5–19 1.15 (1.13–1.18) 1.93 (1.66–2.24) 1.72 (1.49–1.99)

    20–34 4.13 (4.05–4.22) 2.00 (1.75–2.30) 7.03 (6.13–8.05)

    35–49 4.13 (4.05–4.21) 1.98 (1.73–2.27) 6.74 (5.88–7.73)

    50–64 4.21 (4.12–4.29) 2.02 (1.76–2.32) 7.01 (6.11–8.03)

    65–74 3.04 (2.98–3.11) 1.62 (1.40–1.87) 3.99 (3.46–4.60)

    75–84 3.01 (2.95–3.08) 1.64 (1.41–1.90) 3.94 (3.39–4.57)

    ≥ 85 5.60 (5.47–5.73) 1.76 (1.51–2.06) 7.26 (6.23–8.46)

Male sex 0.76 (0.76–0.76) 1.26 (1.23–1.30) 1.00 (0.98–1.03)

Living in rural area or small town¶ 0.97 (0.96–0.98) 0.81 (0.74–0.88) 0.76 (0.70–0.82)

Underlying chronic health condition

    Asthma 1.09 (1.09–1.10) 0.86 (0.83–0.89) 0.92 (0.89–0.96)

    COPD 1.23 (1.21–1.24) 0.89 (0.82–0.96) 1.04 (0.96–1.13)

    Hypertension 0.98 (0.98–0.99) 1.12 (1.08–1.16) 1.13 (1.09–1.17)

    Diabetes 0.98 (0.97–0.99) 1.26 (1.21–1.31) 1.19 (1.14–1.23)

    Congestive heart failure 1.26 (1.24–1.28) 0.99 (0.92–1.07) 1.25 (1.16–1.35)

    Dementia or frailty score > 15 2.12 (2.09–2.15) 1.39 (1.29–1.49) 2.60 (2.42–2.80)

    Cancer‡ 1.13 (1.12–1.15) 0.72 (0.66–0.80) 0.86 (0.78–0.94)

    Chronic kidney disease** 1.31 (1.29–1.32) 0.86 (0.80–0.93) 1.16 (1.08–1.24)

    Immunocompromised†† 1.30 (1.28–1.33) 0.79 (0.70–0.89) 1.02 (0.91–1.14)

    Advanced liver disease 1.14 (1.11–1.16) 0.79 (0.68–0.90) 0.87 (0.76–1.00)

    Ischemic heart disease 1.02 (1.01–1.03) 0.88 (0.82–0.95) 0.90 (0.84–0.97)

    Ischemic stroke or TIA‡‡ 1.15 (1.13–1.17) 1.05 (0.95–1.17) 1.18 (1.06–1.31)

    Schizophrenia§§ 1.24 (1.21–1.27) 0.84 (0.73–0.97) 0.99 (0.87–1.13)

    Substance abuse§§ 1.17 (1.16–1.19) 0.72 (0.66–0.79) 0.86 (0.79–0.95)

Health care use
Aggregated Diagnostic Group (ADG) quintile (Ref. = 0 ADGs)

    2 (1–2 ADGs) 1.64 (1.62–1.66) 0.78 (0.73–0.84) 1.24 (1.17–1.32)

    3 (3–4 ADGs) 2.07 (2.04–2.10) 0.75 (0.70–0.80) 1.46 (1.37–1.56)

    4 (5–6 ADGs) 2.44 (2.41–2.48) 0.74 (0.69–0.79) 1.69 (1.57–1.81)

    5 (7–27 ADGs) 3.11 (3.06–3.15) 0.75 (0.69–0.80) 2.12 (1.97–2.28)

Hospital admissions in the past 3 yr (Ref. = 0 admissions)

    1 0.99 (0.98–1.00) 0.93 (0.89–0.97) 0.92 (0.88–0.96)

    2 1.16 (1.14–1.17) 0.86 (0.79–0.93) 1.01 (0.94–1.09)

    ≥ 3 1.75 (1.73–1.78) 0.82 (0.76–0.90) 1.38 (1.27–1.50)

Outpatient physician visits in the past yr (Ref. = 0–1 visits)

    2–4 1.08 (1.07–1.09) 1.02 (0.98–1.07) 1.12 (1.08–1.18)

    5–8 1.11 (1.10–1.12) 1.03 (0.98–1.08) 1.17 (1.11–1.23)

    9–14 1.17 (1.16–1.18) 0.98 (0.93–1.04) 1.17 (1.10–1.24)

    ≥ 15 1.36 (1.34–1.37) 0.91 (0.85–0.97) 1.22 (1.14–1.30)

Influenza vaccination (2019–2020 season) 1.08 (1.08–1.09) 0.81 (0.78–0.83) 0.87 (0.85–0.90)

Environmental determinants¶¶
PM2.5 category (μg/m3) (Ref. = 2–6)

    6–7 0.97 (0.97–0.98) 0.91 (0.85–0.99) 0.92 (0.85–0.99)

    7–8 0.92 (0.90–0.93) 1.10 (0.99–1.21) 1.00 (0.91–1.10)

        8–9 0.91 (0.90–0.93) 1.29 (1.16–1.43) 1.19 (1.08–1.32)

    ≥ 10 0.90 (0.89–0.92) 1.45 (1.29–1.63) 1.31 (1.16–1.47)

NO2 category (ppb) (Ref. = 0–6)

    6–8 0.95 (0.95–0.96) 1.05 (1.00–1.11) 1.00 (0.96–1.06)

    ≥ 8 0.94 (0.93–0.95) 1.13 (1.06–1.21) 1.05 (0.98–1.12)
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Table 2 (part 2 of 2): Odds of ever being tested for SARS-CoV-2 and of COVID-19 diagnosis in Ontario between Mar. 1 and June 20, 2020, in fully 
adjusted analyses using 2 analytic designs 

Determinant

People tested for SARS-CoV-2 People with a diagnosis of COVID-19*

Tested v. not tested
adjusted OR (95% CI)

Test-positive v. test-negative among 
all people tested†

adjusted OR (95% CI)
Test-positive v. not test-positive‡§

adjusted OR (95% CI)

Social determinant of health*** (area level)
Household density quintile††† (Ref. = first quintile)

    2 1.01 (1.00–1.02) 1.21 (1.14–1.27) 1.19 (1.13–1.26)

    3 1.03 (1.02–1.04) 1.39 (1.31–1.48) 1.42 (1.34–1.50)

    4 1.01 (1.00–1.02) 1.70 (1.61–1.79) 1.70 (1.61–1.80)

    5 0.97 (0.95–0.98) 1.94 (1.82–2.07) 1.86 (1.75–1.98)

Apartment building density category‡‡‡ (Ref. = first category)

    2 1.04 (1.03–1.04) 1.00 (0.95–1.04) 1.02 (0.98–1.06)

    3 1.01 (1.00–1.02) 1.15 (1.09–1.21) 1.18 (1.12–1.24)

Uncoupled quintile§§§ (Ref. = first quintile)

    2 1.02 (1.01–1.03) 0.96 (0.91–1.01) 0.97 (0.92–1.02)

    3 1.07 (1.06–1.08) 0.95 (0.90–1.00) 0.99 (0.94–1.04)

    4 1.19 (1.18–1.21) 0.96 (0.91–1.02) 1.11 (1.05–1.17)

    5 1.39 (1.38–1.41) 1.07 (1.01–1.15) 1.41 (1.32–1.51)

Essential work quintile¶¶¶ (Ref. = first category)

    2 1.04 (1.03–1.04) 1.25 (1.19–1.32) 1.30 (1.24–1.37)

    3 1.06 (1.05–1.07) 1.28 (1.21–1.35) 1.37 (1.30–1.45)

    4 1.05 (1.04–1.06) 1.37 (1.29–1.45) 1.51 (1.42–1.60)

    5 1.04 (1.03–1.06) 1.42 (1.32–1.51) 1.58 (1.48–1.69)

Household income quintile (Ref. = first quintile, lowest income)****

    2 1.03 (1.02–1.04) 0.96 (0.91–1.00) 1.00 (0.96–1.05)

    3 1.08 (1.07–1.09) 1.02 (0.97–1.08) 1.12 (1.06–1.18)

    4 1.10 (1.09–1.11) 0.97 (0.90–1.03) 1.06 (1.00–1.13)

    5 1.11 (1.09–1.12) 0.97 (0.90–1.04) 1.07 (0.99–1.15)

Limited educational attainment quintile†††† (Ref. = first quintile)

    2 1.03 (1.02–1.04) 1.07 (1.02–1.12) 1.09 (1.04–1.15)

    3 1.01 (1.00–1.02) 1.15 (1.09–1.21) 1.15 (1.09–1.21)

    4 1.02 (1.01–1.03) 1.23 (1.17–1.30) 1.21 (1.15–1.28)

    5 1.01 (1.00–1.02) 1.37 (1.29–1.46) 1.33 (1.26–1.41)

Visible minority quintile‡‡‡‡ (Ref. = first category)

    2 0.99 (0.98–1.00) 0.96 (0.89–1.02) 0.95 (0.89–1.02)

    3 0.95 (0.94–0.96) 0.97 (0.91–1.05) 0.93 (0.87–1.00)

    4 0.91 (0.90–0.92) 1.07 (0.99–1.15) 0.98 (0.91–1.06)

    5 0.86 (0.85–0.87) 1.27 (1.17–1.38) 1.09 (1.00–1.19)

Recent immigration category§§§§ (Ref. = first category)

    2 0.99 (0.99–1.00) 1.04 (1.00–1.09) 1.04 (1.00–1.08)

    3 0.94 (0.93–0.95) 1.16 (1.11–1.22) 1.10 (1.05–1.15)

Note: ADG = Aggregated Diagnostic Group, COPD = chronic obstructive pulmonary disease, OR = odds ratio, PM2.5 = fine particulate matter, Ref. = reference category, TIA = transient ischemic attack.
*All presented models are fully adjusted and contain all variables listed in this table as covariates.
†Pseudo-test-negative design.
‡That is, all negative tests and all untested people.
§Case–control design.
¶We defined rural as being located outside the commuting zone of a city with population greater than 10 000.
**We counted people if they had a diagnosis in the last 5 years.
††We considered people to be immunocompromised if they were HIV positive, had an organ or bone marrow transplant, or had another immunodeficient condition.
‡‡This category includes people with ischemic stroke or TIA in the last 20 years.
§§This category includes people with a diagnosis in the last 2 years.
¶¶Values of PM2.5 > 12 μg/m3 or NO2 > 53 ppb per year have been found to be associated with increased risk of other respiratory illnesses.52

***All variables in this category are area-level variables at the level of the 2016 Canada Census dissemination area (DA).
†††First quintile represents 0–2.1 people/dwelling; second quintile, 2.2–2.4 people/dwelling; third quintile, 2.5–2.6 people/dwelling; fourth quintile, 2.7–3 people/dwelling; and fifth quintile, 3.1–5.7 people/dwelling.
‡‡‡First category, 0%–7.3% of buildings in the area are apartment buildings; second category, 7.4%–37.7% are apartment buildings; and third category, 37.7%–100% are apartment  buildings.
§§§First quintile, 11.2%–33.7% of people are uncoupled; second quintile, 33.7%–38.4% of people; third quintile, 38.5%–43.6% of people; fourth quintile, 43.6%–51.0% of people; and fifth quintile, 51.0%–94.6% of people.
¶¶¶First quintile represents 0%–32.5% of working people in the area who self-identified as working in an essential job; second quintile, 32.5%–42.3% of people; third quintile, 42.3%–49.8% of people; 
fourth quintile, 50.0%–57.5% of people; and fifth quintile, 57.5%–114.3% of people.
****Income quintile has variable cut-off values in each city or Census area to take cost of living into account. A DA being in quintile 1 means it is among the lowest 20% of DAs in its city by income.
††††First quintile represents 0%–4.1% of people aged 25–64 years without a diploma; second quintile, 4.1%–7.5% of people; third quintile, 7.5%–11.4% of people; fourth quintile, 11.4%–17.1% of 
people; and fifth quintile, 17.1%–94.3% of people.
‡‡‡‡First quintile represents 0%–2.2% of people in the area who self-identified as a visible minority; second quintile, 2.2%–7.5% of people; third quintile: 7.5%–18.7% of people; fourth quintile, 
18.7%–43.5% of people; and fifth quintile, 43.5%–100% of people.
§§§§First category represents 0%–2.1% of people in a DA being recent immigrants; second category, 2.1%–4.7% of people; and third category, 4.7%–41.2% of people.
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Variability in determinants of a positive result  
for SARS-CoV-2 testing across analytic designs
Our comparison of results using the different analytic designs 
showed important differences in individual-level determinants and 
fewer differences in social determinants (Table 2 and Appendix 1, 
Supplemental Tables 4–6). Variables that were associated with test-
ing tended to show different relations with SARS-CoV-2 positivity 
across study designs. For example, the adjusted odds of being tested 
for adults aged 85 years or older compared with those younger than 
5 years was 5.60 (95% confidence interval [CI] 5.47–5.73), and the 
adjusted odds of being positive for SARS-CoV-2 infection was 1.76 
(95% CI, 1.51–2.06) with the pseudo-test-negative design and 7.26 
(95% CI, 6.23–8.46) for the case–control design (Table 2). Some health 
conditions associated with higher odds of testing, such as chronic 
respiratory conditions and indicators of prior health care use, 
appeared protective against being positive using the pseudo-test-
negative design, but showed no association or increased odds of 
being positive using the case–control design. Our results from the 
true test-negative design were largely similar to results from the 
pseudo-test-negative design with wider CIs, with the exceptions that 

odds of being positive were higher for people of older age using the 
true test-negative design compared with the pseudo-test-negative 
design, and lower for higher quintiles of essential workers in the true 
test-negative design compared with the pseudo-test-negative design 
(Appendix 1, Supplemental Tables 4 and 5).

Determinants of a positive test result for SARS-CoV-2 
using the case–control design
Using the case–control design, we found that older age, certain 
comorbidities (i.e., hypertension, diabetes, congestive heart failure, 
dementia, chronic kidney disease and ischemic stroke/transient 
ischemic attack) and increased previous use of health care were 
associated with increased odds of a positive SARS-CoV-2 test result. 
Other comorbidities (i.e., asthma, cancer, ischemic heart disease and 
substance abuse) and receipt of influenza vaccine in the 2019–2020 
season were associated with reduced odds of a positive test result 
(Table 2 and Appendix 1, Supplemental Table 6).

The 2 highest categories of PM2.5 exposure were associated with 
increased odds of being positive, whereas no categories of expos
ure to NO2 were associated with increased odds of positivity.
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Figure 2: Unadjusted and fully adjusted association between social determinants of health and SARS-CoV-2 testing in Ontario (Mar. 1 to June 20, 2020) 
using the case–control design. Variables in this figure are listed as covariates and described in Table 2. Note: Ref. = reference category.
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We also found that higher household density, increased apartment 
building density, greater percentages of uncoupled people and greater 
percentages of essential workers were associated with greater odds of 
a positive SARS-CoV-2 test. Lower educational attainment was related 
to increased odds, but there was no statistically consistent relation 
with household income. We also determined that being in the highest 
quintile of neighbourhoods with visible minorities and greater percent-
ages of recent immigrants were associated with greater odds of a posi-
tive SARS-CoV-2 test result. Associations were attenuated after adjust-
ment for all social determinants except for household density and 
essential work (Figure 3 and Appendix 1, Supplemental Table 6).

Our evaluation of collinearity diagnostics found that all toler-
ances were below 1 and all variance inflation factors were below 
5 (Appendix 1, Supplemental Table 7).

Interpretation

We found that our 3 analytic designs identified different individ-
ual determinants of positive test results for SARS-CoV-2, likely 
because of collider bias. Using the case–control analysis, which 

we considered the least biased, we identified particular individ-
ual, environmental, and social determinants of health as key 
determinants for testing positive for SARS-CoV-2. 

Using the true test-negative and pseudo-test-negative designs 
we found a high potential for erroneously identifying some individ-
ual determinants, such as underlying health conditions as protec-
tive against testing positive for SARS-CoV-2, although they were 
associated with higher rates of being tested. These health condi-
tions are associated with COVID-19 severity2 and may have been 
prone to collider bias, where the direction of effect measures 
changes based on model choice. Similar results were found with 
health care use variables. Thus, assessment of determinants for 
SARS-CoV-2 positive test results require careful interpretation by 
evaluation of the reasons for testing.17 In the context of low overall 
levels of testing, the case–control design appears to have miti-
gated some potential sources of collider bias, with the assumption 
that those not tested are similar to those who tested negative.16,17

We found that some underlying health conditions remained 
associated with diagnoses using the case–control design, reflecting 
either unmeasured confounding or possible biological susceptibility 
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Figure 3: Unadjusted and fully adjusted association between social determinants of health and testing positive for SARS-CoV-2 in Ontario (Mar. 1 to 
June 20, 2020) using the case–control design. Variables in this figure are listed as covariates and described in Table 2. Note: Ref. = reference category.
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to infection if exposed.10,11,20,53,54 For example, dementia and frailty 
remained independently associated with diagnosis, which may 
have been due to unmeasured confounding such as higher rates of 
contacts with caregivers or residence in other types of congregate 
settings such as retirement homes. Thus, underlying health condi-
tions like dementia and frailty represent targets for prevention with 
strategies tailored to reduce exposures among people character-
ized by these individual determinants.

During the study period, the testing criteria for SARS-CoV-2 in 
Ontario shifted from a focus on returning symptomatic travellers to 
people who were severely symptomatic and those with occupa-
tional exposure to additional testing of people who were asymp-
tomatic.31–34,36 These changes may have created differences among 
people who were tested and had symptoms compared with all peo-
ple who were tested. In our study, the restriction of the test-negative 
design to people with symptoms did not yield substantially differ-
ent results than the test-negative design that included symptom-
atic and asymptomatic people for most determinants, but this may 
have been due, in part, to the high proportion of people who were 
missing symptom information (74.6%).

The independent association between high PM2.5 and diagnosis 
may reflect unmeasured social determinants of health.55,56 How-
ever, studies have also implicated environmental pollution as hav-
ing a biological relation to the risk and severity of COVID-19.10–12

We identified increased odds of a positive test result for SARS-
CoV-2 associated with household density, apartment building per-
centage, uncoupled status, essential work, educational attainment 
and recent immigration, consistent with findings from other set-
tings.50,57,58 Household size has been shown to be a consistent risk 
factor across a broad range of settings.59,60 These higher infection 
rates are likely due to prolonged and physically closer in-person 
contacts occurring more frequently within the household.60 Essen-
tial services and occupations have also been associated with higher 
exposure risk,61 either because such jobs cannot be done feasibly 
with proper protections or because protective policies and materi-
als are not issued, leaving workers at high risk.62,63

We found that higher percentages of recent immigrants in an area 
were associated with a positive test result for SARS-CoV-2, even after 
adjustment, although the percentage of visible minorities was not. 
Both variables might represent residual measures of structural 
racism, potentiating increased risk of SARS-CoV-2 exposure and 
COVID-19 severity,64–66 including hospital admission and death 
related to COVID-19.9,16,28,58 We found the association between visible 
minority status and diagnosis was attenuated after adjustment for 
individual, environmental and other social determinants of health. 
These findings likely reflect what is already known about race and 
ethnicity as social constructs and social determinants of health.67 
Finally, because there was little association between most social 
determinants and the odds of testing suggests that testing resources 
may not be adequately prioritized to people at greatest risk.68

Our findings suggest a need to increase and redirect resources 
that specifically address social determinants such as household 
density47,69 (e.g., voluntary isolation centres70 and wrap-around ser-
vices71), occupational risk62,66 (e.g., paid sick leave,72 workplace test-
ing73 and improved ventilation62) and other mediators of structural 
racism68,74,75 (e.g., community-led outreach testing76). Our findings 

also suggest prioritizing COVID-19 vaccination strategies that reach 
communities and workplaces having the highest rates of cases. 
Although the Chief Public Health Officer of Canada has suggested 
an equity lens to the public health response to COVID-19,45 much of 
the response on COVID-19 equity and outreach to marginalized 
communities to date has been accomplished through smaller 
independent groups, including volunteer organizations.77–79

Limitations
Our determination of positive test results for SARS-CoV-2 was 
restricted to laboratory-confirmed cases and to the 88% of total 
provincial diagnoses that were available via OLIS. We assumed that 
determinants remained constant across the study period, whereas 
surveillance data suggest shifts in how infections propagate 
between social networks.80 Future analysis should evaluate changes 
in the direction and size of determinants over the course of the out-
break. Our models also adjusted for public health region, within 
which many social determinants cluster,50 and we cannot infer from 
our results how social determinants of diagnosis may vary among 
and within these geographic regions. We measured social determi-
nants at the area level and these determinants were not available at 
the individual level; however, by describing individuals’ neighbour-
hoods, our analysis reflected the role of structural and environmen-
tal determinants for people living in them. We may have over
adjusted in the fully adjusted models in our analysis because of the 
large number of covariates. However, the directions of effect esti-
mates generally remained the same after full adjustment, and the 
sample size of our analyses provided adequate statistical power. 
Finally, some relevant determinants, such as obesity,22,80 were not 
available for our study.81

Conclusion
We found that demographic and health-related risks for positive test 
results for SARS-CoV-2, which generally have been the targets of 
response strategies against COVID-19 to date, appeared subject to 
collider bias. However, we observed consistent relations between 
testing positive for SARS-CoV-2 and key social determinants of 
health, including essential worker status, number of people living in a 
household and educational attainment. Effective responses to 
COVID-19 require that the social determinants associated with access 
to testing and SARS-CoV-2 transmission risks be characterized and 
addressed using risk-tailored, community-based interventions.
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