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Person-level surveillance (N = 14 million) and neighborhood- 
level income data were used to explore magnitude of 
inequalities in COVID-19 hospitalizations and deaths over 5 
waves in Ontario, Canada. Despite attempts at equity- 
informed policies alongside fluctuating levels of public health 
measures, the magnitude of inequalities in hospitalizations 
and deaths remained unchanged across waves.
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Economically marginalized communities have faced dispropor
tionately higher risks for infection and death from coronavirus 
disease 2019 (COVID-19) across Canada [1]. Health disparities 
were evident early in the pandemic, at the intersections of hous
ing, occupations, and structural racism [2]. Public health mea
sures designed as restrictions to limit person-to-person 
contacts continued across waves, including in-person school clo
sures, limitations on public and personal gatherings, and closure 
of nonessential businesses or services [3]. In Ontario, policies 

attempting to address health inequities were also temporarily en
acted in subsequent waves, including temporary income support 
[4], temporary eviction moratoria [5], 3-day paid sick leave [6], 
and geographic prioritization of vaccine eligibility and allocation 
[7]. It was anticipated that health disparities would be mitigated 
during subsequent waves. We used metrics of inequality (Lorenz 
curve and concentration/Gini coefficients) to characterize 
changes in the magnitude of concentration in COVID-19 hospi
talization and deaths by neighborhood-level income among 14 
million Ontario residents across 5 waves.

METHODS

We conducted a retrospective, population-based observational 
study using linked person-level data on all laboratory-confirmed 
diagnoses of COVID-19 and outcomes in Ontario, the Ontario 
vaccination database for vaccination status, and Statistics 
Canada 2016 Census data for dissemination area (DA)–level 
household income per person equivalent, reported using the 
Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) guideline. The study population com
prised individuals who were hospitalized or died following 
COVID-19 diagnosis between 26 February 2020 and 28 
February 2022, and excluded travel-related cases and residents 
of long-term care homes. We defined the 5 waves as follows: (1) 
wave 1: 26 February 2020 to 31 August 2020 (length of wave, 
188 days); (2) wave 2: 1 September 2020 to 28 February 2021 
(length of wave, 181 days); (3) wave 3: 1 March 2021 to 31 July 
2021 (length of wave, 153 days); (4) wave 4: 1 August 2021 to 
14 December 2021 (length of wave, 135 days); (5) wave 5: 15 
December 2021 to 28 February 2022 (length of wave, 75 days).

First, we described the magnitude of inequality in median 
household income (per person equivalent) across DAs (ie, geo
graphic concentration of income) with a Lorenz curve and by 
estimating the corresponding co–Gini coefficient (co-Gini) 
[8]. Then, we generated Lorenz curves for outcomes by 
DA-level income quintile, and estimated the co-Gini (where a 
co-Gini of zero represents complete equality and 1 represents 
complete inequality) in each wave [8]. Analyses were conduct
ed in R software (version 4.0.2). We further described patterns 
in vaccination coverage over time (by number of doses) and cu
mulative rates of prior known infection by income quintiles as 
potential factors related to protective factors when describing 
observed inequalities in hospitalizations and deaths.

RESULTS

There was geographic heterogeneity in the median household 
income across neighborhoods (DAs), with a co-Gini of 0.16 
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(Supplementary Figure 1). Over the study period, hospitaliza
tions and deaths were concentrated among the 20% of the pop
ulation living in the lowest-income neighborhoods (Figure 1, 
Supplementary Figure 2). The magnitude of inequality in hos
pitalization and mortality by income remained unchanged 
across waves (range in co-Gini, 0.14–0.19), despite less inequal
ity by income in vaccination (Figure 2).

Vaccine coverage was consistently higher in high-income ar
eas (especially with third doses, Supplementary Figure 3). 
Together, the magnitude of inequality in hospitalizations and 
deaths was 10-fold higher (Figures 1 and 2) than magnitude 
of inequality in vaccination (Supplementary Figure 2) and in 
the combination of vaccination and/or past known infection 
(Supplementary Figures 4 and 5).

DISCUSSION

Despite attempts at equity-informed policies [4] alongside fluc
tuating levels of public health measures, the magnitude of in
equalities in hospitalizations and deaths by income remained 
at levels observed during the first wave—prior to vaccination 
and discussion or implementation of equity-informed poli
cies—and despite rising levels of hybrid immunity.

Our analysis follows a descriptive metric of inequality over 
time, signaling the need for future explanatory modeling to ex
plore mechanisms that perpetuated health disparities to inform 

responses. Limitations of our study include our restriction to 
area-level measures of income rather than individual-level, 
and a descriptive analysis without biological factors related to 
severity once infected, including age, sex, and comorbidities 
[9, 10]. Comorbidities, for example, are confounders, but prior 
studies consistently demonstrated that social determinants re
main a critical determinant of COVID-19 deaths at a popula
tion level even after accounting for comorbidities [11]. Our 
study was not designed to systematically examine the role of 
vaccination and/or prior infection, including considerations 
of time since either event. However, the observation of a small 
magnitude of inequality in past known infection and vaccina
tion suggest that differential levels of hybrid immunity alone 
may be insufficient to explain persistent inequalities in hospi
talizations and deaths.

Our findings raise questions about the extent to which the pub
lic health measures and interventions as implemented were able 
to sufficiently address differential exposure risks in Ontario. 
Future work would continue to benefit from rigorously evaluat
ing and teasing apart the impact of various interventions on 
not just the overall magnitude of hospitalizations and deaths, 
but on the differential impact across subgroups [12] and contexts: 
answering questions about who benefited from various strategies 
and interventions and how and why they worked (ie, the path
ways by which direct and indirect benefits accrued). It has been 
well-established in Canada and across countries [9, 10, 13] that 

Figure 1. Lorenz curves depicting inequality in coronavirus disease 2019 (COVID-19) hospitalizations (A) and deaths (B) by income for each of the 5 waves. Wave 1 (wild- 
type): 26 February 2020 to 31 August 2020 (length of wave, 188 days); wave 2 (wild-type and emergence of Alpha variant): 1 September 2020 to 28 February 2021 (length of 
wave, 181 days); wave 3 (Alpha and emergence of Delta variant): 1 March 2021 to 31 July 2021 (length of wave, 153 days); wave 4 (Delta): 1 August 2021 to 14 December 
2021 (length of wave, 135 days); wave 5 (predominantly Omicron variant): 15 December 2021 to 28 February 2022 (length of wave, 75 days) [8]. The cumulative numbers of 
hospitalizations and deaths due to COVID-19 in each wave were as follows: wave 1: 3611 and 935; wave 2: 9590 and 2295; wave 3: 11 901 and 2184; wave 4: 3475 and 531; 
wave 5: 9425 and 2143. The co–Gini coefficient refers to the magnitude of concentration or inequality. Neighborhood-level income refers to the per-person equivalent, after- 
tax income and accounting for regional cost of living, and is derived from the 2016 Census. The farther the Lorenz curve from the line of equality, the greater the inequality/ 
concentration. Abbreviation: co-Gini, co–Gini coefficient; LTCH, long-term care home.
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differential exposure risks to severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2), and subsequent mortality, were 
amplified at the intersections of household crowding and size 
[11, 14], workplace exposures [15, 16], and systemic barriers to 
prevention and care (including access to therapeutics; see [17– 
19]). Our findings should not be interpreted as though the public 
health measures, strategies, and interventions did not work, as ev
idence points to large, overall prevention in COVID-19 deaths 
[20]. Evaluation of temporary income support and eviction mor
atoria have been known to be associated with improved outcomes 
with respiratory viruses [21], with evidence of impact in the con
text of COVID-19 [22, 23]. Access to and uptake of SARS-CoV-2 
vaccines has had a large impact on mortality [7, 24] and remains a 
critical equity-informed strategy by prioritizing and mobilizing to 
reach disproportionately higher coverage at the intersections of 
the highest exposure and severity risks [25, 26]. Indeed, the early 
phase of vaccine rollout in Ontario adopted a geographically pri
oritized allocation strategy [7] and narrowed the gap in vaccine 
coverage by income, suggesting additional efforts were needed 
to narrow the gap in health outcomes stemming from persistent, 
residual, and higher levels of exposure risks and/or access to care 
and therapeutics. Rather, the findings of this study signal a need 
to systematically evaluate and disentangle the differential impact 
of various strategies and interventions to explain why gaps have 
yet to narrow, even within subnational jurisdictions, and to im
plement the combination of policies, strategies, and resources re
quired if reducing health disparities is a priority for pandemic 
planning and pandemic response.

Equality in intervention reach is often insufficient to redress 
longstanding inequities [27], and overall reductions in cases 
and deaths are insufficient metrics of comparative success [6] 

when existing health disparities persist [26]. Equity and effec
tiveness of programs are inherently linked [7] and ongoing 
evaluation of both is central to inform the public health re
sponse to future waves of COVID-19 and other rapidly emer
gent pandemics.
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Figure 2. Lorenz curves of at least 1 dose (A), at least 2 doses (B), and at least 3 doses (C ) of vaccination by income. Wave 1 (wild-type): 26 February 2020 to 31 August 2020 
(length of wave, 188 days); wave 2 (wild-type and emergence of Alpha variant): 1 September 2020 to 28 February 2021 (length of wave, 181 days); wave 3 (Alpha and emer
gence of Delta variant): 1 March 2021 to 31 July 2021 (length of wave, 153 days); wave 4 (Delta): 1 August 2021 to 14 December 2021 (length of wave, 135 days); wave 5 
(predominantly Omicron variant): 15 December 2021 to 28 February 2022 (length of wave, 75 days) [28]. Neighborhood-level income (after-tax, per-person equivalent) quintiles 
where the lowest quintile (quintile 1) represents areas with the lowest average total after-tax income and the highest quintile (quintile 5) represents areas with the highest 
average total after-tax income. Abbreviations: co-Gini, co–Gini coefficient; LTCH, long-term care home.
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