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Summary
INTRODUCTION: Each wave of the COVID-19 pandemic
exhibited a unique combination of epidemiological, social
and structural characteristics. We explore similarities and
differences in wave-over-wave characteristics of patients
hospitalised with COVID-19.

METHODS: This was a population-based study in Ontario
province, Canada. Patients hospitalised with SARS-CoV-2
between 26 February 2020 and 31 March 2022 were in-
cluded. An admission was considered related to SARS-
CoV-2 infection if the provincial inpatient or outpatient hos-
pital databases contained the ICD-10 diagnostic codes
U071/U072 or the Ontario Laboratories Information Sys-
tem indicated a positive SARS-CoV-2 test result (PCR
or rapid antigen testing) during the admission or up to
two weeks prior. The primary outcome was 90-day mor-
tality (modified Poisson regression). Secondary outcomes
were use of critical care during the admission (logistic re-
gression) and total length-of-stay (linear regression with
heteroskedastic-consistent standard-error estimators). All
models were adjusted for demographic characteristics,
neighbourhood socioeconomic factors and indicators of ill-
ness severity.

RESULTS: There were 73,201 SARS-CoV-2-related ad-
missions: 6127 (8%) during wave 1 (wild-type), 14,371
(20%) during wave 2 (wild-type), 16,653 (23%) during
wave 3 (Alpha), 5678 (8%) during wave 4 (Delta) and
30,372 (42%) during wave 5 (Omicron). SARS-CoV-2 was
the most responsible diagnosis for 70% of admissions dur-
ing waves 1–2 and 42% in wave 5. The proportion of ad-
mitted patients who were long-term care residents was
18% (n = 1111) during wave 1, decreasing to 10% (n =
1468) in wave 2 and <5% in subsequent waves. Dur-
ing waves 1–3, 46% of all admitted patients resided in
a neighbourhood assigned to the highest ethnic diversity
quintile, which declined to 27% during waves 4–5. Com-
pared to wave 1, 90-day mortality was similar during wave
2 (adjusted risk ratio [aRR]: 1.00 [95% CI: 0.95–1.04]),
but lower during wave 3 (aRR: 0.89 [0.85–0.94]), wave
4 (aRR: 0.85 [0.79–0.91]) and wave 5 (aRR: 0.83
[0.80–0.88]). Improvements in survival over waves were
observed among elderly patients (p-interaction <0.0001).
Critical care admission was significantly less likely during

wave 5 than previous waves (adjusted odds ratio: 0.50
[0.47–0.54]). The length of stay was a median of 8.5
(3.6–23.8) days during wave 1 and 5.3 (2.2–12.6) during
wave 5. After adjustment, the mean length of stay was on
average –10.4 (–11.1 to –9.8) days, i.e. shorter, in wave 5
vs wave 1.

CONCLUSION: Throughout the pandemic, sociodemo-
graphic characteristics of patients hospitalised with SARS-
CoV-2 changed over time, particularly in terms of ethnic
diversity, but still disproportionately affected patients from
more marginalised regions. Improved survival and re-
duced use of critical care during the Omicron wave are re-
assuring.

Introduction

Since the start of the COVID-19 pandemic in the province
of Ontario, Canada, the social and epidemiological circum-
stances surrounding infection and its consequences have
changed with each wave of infection. There have been
varying degrees of social behavioural adaptations (e.g.
wearing a mask, working from home, avoiding large
crowds) and social regulations (e.g. restrictions and clo-
sures); differences in the predominant SARS-CoV-2 (Se-
vere Acute Respiratory Syndrome Coronavirus 2) variants
circulating (wild-type, Alpha, Delta, Omicron) associated
with observed differences in virulence and transmissibility;
and changes in population-level immunity acquired
through vaccination or prior infections [1–4].

Although Omicron was more transmissible than previous
variants, some studies from the United States did not report
substantial differences in mortality between Omicron and
Delta, even after accounting for vaccination status [5].
Conversely, other studies from England and Denmark
found a lower 30-day mortality rate with Omicron after
similar adjustment [6, 7]. One study from the Northeastern
United States demonstrated better survival with the Omi-
cron variant, but this finding was observed only for the
BA.2 Omicron subvariant, with similar mortality between
Delta and the original Omicron subvariant B.1.1.529 [8].
Generally, Canadian studies agreed that the severity of
infection was lower with the Omicron variant, but more
information is needed to reflect changes in severity and
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patient characteristics over time, and more follow-up is
needed to reliably ascertain differences in mortality [9–11].

Considering that testing and surveillance measures have
changed throughout the pandemic, the population suscep-
tible to recorded SARS-CoV-2 infection in the province
may have shifted across waves. In March 2020, non-es-
sential workplaces, schools and the Canada-United States
border closed. Simultaneously, physical distancing and in-
fection prevention and control requirements were imple-
mented [1]. Following the first wave, restrictions were
gradually removed during the summer of 2020; however
they were reinstated in the second wave of autumn 2020
and the beginning of winter 2021. Initial vaccination roll-
out targeted higher-risk individuals (e.g. the elderly and
those with chronic disease), “hot spot” neighbourhoods
(e.g. more marginalised communities that were exhibiting
relatively high rates of SARS-CoV-2 positivity) and set-
tings (e.g. people residing in long-term care facilities; es-
sential workers) [12, 13].

In the present study, we add to the literature by examining
the wave-over-wave characteristics and outcomes of pa-
tients admitted with SARS-CoV-2 at the population level.
The primary outcome examined was 90-day mortality.
Secondary outcomes were use of critical care and total hos-
pital length of stay. Patient characteristics examined in-
cluded both clinical and sociodemographic attributes.

Methods

Setting

Ontario is Canada’s most populous province (15 million
people). Healthcare is provisioned under a single-payer
universal healthcare system. During the study period, On-
tario experienced five distinct waves of COVID-19 where
infection was predominantly caused by a specific variant.
Waves 1 and 2 corresponded to the wild-type variant, wave
3 Alpha, wave 4 Delta and wave 5 Omicron. Approximate
start dates for each wave correspond to an inflection point
in the number of cases in the population (figure 1), with the

end date of each wave defined as the start of the next wave
(31 March 2022 for wave 5) [14].

Inclusion criteria

Hospital admissions were captured from the Discharge Ab-
stract Database (DAD), which comprehensively captures
all hospitalisations in Ontario (figure S1 in the Appendix).
To avoid duplicate counting of admissions due to hospital
transfers, admission records were resolved into episodes
using information about the time of admission since the
previous discharge, evidence of inter- or intra-hospital
transfers and planned versus unplanned (re)admissions
[15]. We started with the definition reported by the Canadi-
an Institute for Health Information: an inpatient episode of
care included admissions occurring within 6 hours of pre-
vious discharge or admissions occurring within 12 hours
of previous discharge but with evidence of a transfer (e.g.
“transfer to” from the prior admission or a “transfer from”
for the current admission) [16, 17]. Admissions known to
be planned (readmit code 1) were classified as admissions
that belonged to the previous episode until 1 week after the
previous discharge.

Data were extracted on 15 August 2022. Episodes starting
between 26 February 2020 (the start of the COVID-19 pan-
demic in Ontario) and 31 March 2022 were included. All
admission records had a valid health card number, a unique
encoded identifier used to link between datasets.

Definition of SARS-CoV-2 admission episode

To determine whether an admission episode was related
to SARS-CoV-2, we searched all diagnostic codes (up to
25) during the entire episode for the ICD-10 code U071
(COVID-19 infection, known) or U072 (COVID-19 infec-
tion, suspected). We also searched for U071 or U072 from
outpatient hospital encounters (any of the 10 diagnostic
codes in NACRS, the National Ambulatory Care Report-
ing System) during and within 2 weeks prior to the start of
each admission episode [18]. Lastly, we also captured pos-
itive SARS-CoV-2 polymerase chain reaction or rapid anti-

Figure 1: Timeline of important events as it relates to COVID-19 waves, vaccination roll-out and vaccination eligibility.
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gen tests from the Ontario Laboratories Information Sys-
tem (OLIS). OLIS includes data from approximately 90%
of labs in Ontario conducting SARS-CoV-2 tests since the
start of the pandemic [19]. We considered an admission
episode to be related to SARS-CoV-2 if any source indicat-
ed SARS-CoV-2 positivity during (DAD, NACRS, OLIS)
or within 2 weeks prior (NACRS, OLIS) to the admission
episode (Technical Appendix). Since our index date is the
first admission related to SARS-CoV-2, we did not apply
a hierarchy to these sources of evidence. The first ever ad-
mission episode was retained per patient.

Definitions and covariates

The index date was defined as the start of the first hospital
admission episode related to SARS-CoV-2. Patients were
omitted if they could not be linked to the Registered Per-
sons Database or their death date preceded the admission
date.

Comorbidity was derived using ICD-10 codes for the year
prior using DAD or NACRS. Residence in a long-term
care (LTC) facility or similar was defined using the Ontario
Health Insurance Plan (any billing code starting with “W”)
or DAD/NACRS with a transfer code to/from a LTC facil-
ity. Sociodemographic characteristics included urban/rural
residence, neighbourhood-level material deprivation quin-
tiles and ethnic diversity quintiles from the Ontario Mar-
ginalization Index and transfer from supportive/group
housing (defined using transfer codes to/from such hous-
ing). Material deprivation, residential instability, depen-
dency and ethnic diversity were neighbourhood-level in-
dices derived from the 2016 Census [20]. SARS-CoV-2
was considered the most responsible diagnosis (MRDx) if
the admission record that started the episode indicated ei-
ther U071 or U072 as such.

Outcomes

The primary outcome was 90-day all-cause mortality since
the start of the admission episode. The date of death was
obtained from the Registered Persons Database. Patients
with no death date were assumed to have been alive at 90
days. For Kaplan-Meier plots, the follow-up time was cal-
culated as the date of death minus the date the admission
episode started. The date 31 July 2022 was used as the cen-
sor date (the most recent date mortality data were avail-
able). Secondary outcomes included use of critical care
during the episode and total length of stay (LOS). Use of
critical care involved any stay in either an adult or neona-
tal intensive care unit. The total length of stay was calcu-
lated, in hours, using the date-time from the admission that
started the admission episode until the date-time of the dis-
charge from the admission episode.

Statistics

Wave-over-wave patient and admission characteristics
were presented using descriptive statistics. All-cause sur-
vival was presented using Kaplan-Meier plots. 90-day
mortality was compared using modified Poisson regres-
sion, reporting risk ratios (RR) with 95% confidence in-
tervals (CI) [21]. To examine whether 90-day mortality
changed over wave for certain patients, we also introduced
interaction terms between that patient’s characteritic and

wave. If the interaction term p value <0.05, then we report-
ed the RR of wave on 90-day mortality stratified by that
characteristic.

Use of critical care during the admission was assessed us-
ing logistic regression, reporting odds ratios (OR) with
95% CI. Linear regression was used to compare hospital
LOS, reporting beta coefficient and 95% CI, representing
the effect of a 1-unit change of the covariate on the total
LOS (in days). Homoscedasticity was assessed via inspec-
tion of residual-versus-predictor plots and the modified
Park test for linear-normal, log-gamma, and log-Poisson
models, but heteroscedasticity could not be resolved. We
instead used a heteroscedasticity-consistent standard error
estimator of OLS parameter estimates (HC3), which does
not require the assumption of homoscedasticity for valid
inferences [22].

To estimate the effect of wave of COVID-19 on outcomes,
unless otherwise stated, all effect measures were adjusted
for age at admission, sex, SARS-CoV-2 as the most re-
sponsible diagnosis, rurality, neighbourhood marginalisa-
tion quintiles, long-term care residence, transfer from sup-
portive housing residence, comorbidity (continuous),
ambulance arrival, urgent admission, overnight admission
and hospital transfer because these were all believed to be
confounders for the effect of COVID-19 wave on the out-
come. For 90-day mortality, we also adjusted for use of
critical care since this may be a strong predictor of SARS-
CoV-2-related severity. All analyses were performed at
Ontario Health using Statistical Analysis Software version
9.4 (SAS Institute Inc., Cary, NC, USA). Only complete-
case analyses were employed.

Privacy

This study was compliant with section 45(1) of PHIPA
(Ontario Health is a prescribed entity): ethics review and
patient consent were not required. The health card number
was used to link between data sources (unique identifier).
A protocol was not prepared for this work.

Results

There were a total of 73,201 SARS-CoV-2-related admis-
sion episodes: 6127 (8%) during wave 1, 14,371 (20%)
during wave 2, 16,653 (23%) during wave 3, 5678 (8%)
during wave 4 (significantly smaller than the others) and
30,372 (42%) during wave 5 (table 1). Most cases were
identified from hospital administrative databases (ICD-10
diagnostic codes [n = 64,213 or 88%] rather than OLIS [n
= 8988 or 12%]). Among those identified using ICD-10
codes, 1010 (1.2%) were suspected cases (only code U072
present in any position) and not corroborated by OLIS and
155 admissions were based on U072 but corroborated by
OLIS. SARS-CoV-2 was the most responsible diagnosis
for the admission record starting the episode in 70% of all
admission episodes during waves 1–2, which increased to
76% (12,691) in wave 3 and subsequently declined to 59%
(3345) in wave 4 and 43% (13,065) in wave 5. Patients ad-
mitted with SARS-CoV-2 as the most responsible diagno-
sis were younger (p = 0.02), were more likely to be male
(OR: 1.29 [1.21–1.37]), had fewer comorbidities (OR: 0.91
[0.89–0.93]), lived in a neighbourhood with the highest
ethnic diversity (OR: 1.30 [1.15–1.47]), were more likely
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to have arrived by ambulance (OR: 1.22 [1.13–1.32]) and
to have been admitted urgently (OR: 3.01 [2.30–3.94]),
but were less likely to reside in a LTC facility (OR: 0.89
[0.81–0.97]) or have been transferred from supportive
housing (OR: 0.76 [0.70–0.83]) (table 2).

Wave-over-wave characteristics

During waves 1–3, 96% of all hospital admissions were
for patients who lived in an urban region, which dropped
to 90% during waves 4–5 (compared with ~86% for the
entire Ontario population). Using the marginalisation in-
dex quintiles, patients hospitalised with SARS-CoV-2 were
more likely to reside in an area having the highest quintile
of residential instability (31% over all waves) and were
more likely to reside in a neighbourhood assigned the high-
est quintile of material deprivation (28% over all waves),
with little change over time. In contrast, 47% of all ad-
mitted patients during waves 1–3 resided in a neighbour-
hood assigned the highest ethnic diversity quintile, which
fell to 29% during waves 4–5. The proportion of admitted
patients who were residents of a LTC facility was 18% (n =
1099) during wave 1, which decreased to 10% (n = 1455)
in wave 2 and remained <5% thereafter. The proportion
of admitted patients who were transferred from supportive
housing followed a similar trend as LTC residence. The re-
duction in mean comorbidity score (lowest in wave 3) was
mirrored by a rise in the composition of patients who were
<60 years of age (highest in wave 3).

Over the study period, admitted patients were more likely
than not to arrive by ambulance (n = 43,505 or 59%) and
be admitted during daytime hours (n = 46,761 or 64%).
Most admissions were urgent (>95% in waves 1–3; 89% in
wave 5). The number of admission episodes with at least
one hospital transfer increased from 7.9% in wave 1 to
21% in wave 3, but subsequently declined to 14% in wave
4 and 5.8% in wave 5.

Other diagnostic codes

On the admission record starting the episode, with no re-
striction on diagnosis type, the four most common diag-
nostic codes were U071 (“COVID-19, identified”, J128
(“other viral pneumonia”), I100 (“benign hypertension”)
and N179 (“acute renal failure, unspecified”) (figure S2).
Restricting to post-admission diagnostic codes only, the
five most common diagnoses were U071, N390 (“urinary
tract infection, unspecified”), N179 (“acute renal failure,
unspecified”), F059 (“delirium, unspecified”) and J128
(“other viral pneumonia”) (figure S3).

Outcomes

90-day mortality

Since the start of the admission episode, most deaths oc-
curred within the first 3 months of admission, but survival
improved beginning in wave 3 (figure 2). There were 3969
(20%) deaths within 30 days of admission during waves
1–2, but 5854 (12%) during waves 3–5. Similarly, 90-day
mortality was 26% in waves 1–2 and 16% in waves 3–5.

After adjustment, 90-day mortality was more likely among
older patients (RR: 1.59 [1.57–1.61] per decade), males

(RR: 1.19 [1.15–1.22]) and among patients residing in
neighbourhoods assigned to the highest deprivation quin-
tile (RR: 1.19 [1.13–1.25]) (table 3). Patients living in a
LTC facility had higher mortality (RR: 1.58 [1.51–1.64]),
as did patients who arrived by ambulance (RR: 1.36
[1.31–1.41]), were admitted urgently (RR: 1.62
[1.41–1.86]), required critical care (RR: 2.97 [2.88–3.06]),
had greater comorbidity (RR: 1.13 [1.12–1.14]) and for
whom SARS-CoV-2 was the most responsible diagnosis (p
<0.0001).

Compared to wave 1, 90-day mortality risk was similar
during wave 2 (RR: 1.00 [0.95–1.04]), but lower during
wave 3 (RR: 0.89 [0.85–0.94]), wave 4 (RR: 0.85
[0.79–0.91]) and wave 5 (RR: 0.81 [0.78–0.86]). Using in-
teraction terms with waves, survival changed over time ac-
cording to whether SARS-CoV-2 was the most responsi-
ble diagnosis (p-interaction <0.0001), by age (p-interaction
<0.0001), LTC residence (p- interaction = 0.03), ambu-
lance arrival (p-interaction = 0.04), hospital transfer during
the admission (p-interaction <0.0001) and use of critical
care (p-interaction <0.0001). Stratified by age, mortality
did not change over time among patients in their 40s (p =
0.26), 50s (p = 0.51) or 60s (p = 0.36) (table 4). Howev-
er, among elderly patients, 90-day mortality progressively
improved (RR: 0.85 [0.77–0.94] for 70–80-year-olds and
RR: 0.75 [0.71–0.80] for >80-year-olds in wave 5 vs wave
1]. Survival did not change over time for patients requir-
ing critical care (p = 0.28), but improved for patients who
did not require critical care (RR: 0.77 [0.71–0.81] in wave
5 vs wave 1). Survival improved by wave 5 regardless of
whether SARS-CoV-2 was the most responsible diagnosis
(RR: 0.88 [0.83–0.94]) or another diagnosis type (RR: 0.79
[0.71–0.87]) (table 5).

Critical care

Use of critical care was least likely during wave 5 (OR:
0.50 [0.47–0.54]) and more likely if SARS-CoV-2 was the
most responsible diagnosis (p<0.0001). Use of critical care
was also more likely among males (OR: 1.49 [1.43–1.55]),
younger patients (OR: 0.97 [0.96–0.97] per 10-year in-
crease in age), patients residing in the highest deprivation
quintile (OR: 1.21 [1.13–1.29] vs least deprived), patients
arriving by ambulance (OR: 1.60 [1.53–1.67]) and patients
admitted urgently (OR: 1.53 [1.37–1.71]). Use of critical
care was less likely among patients residing in the most
dependent quintile (OR: 0.84 [0.79–0.90] vs least depen-
dent), neighbourhoods with the highest ethnic diversity
(OR: 0.71 [0.66–0.77] vs lowest ethnic diversity), LTC res-
idents (OR: 0.49 [0.44–0.54]) and patients transferred from
supportive housing (OR: 0.42 [0.38–0.46]).

Stratified by the diagnosis type, use of critical care de-
creased wave-over-wave more substantially when SARS-
CoV-2 was the most responsible diagnosis (OR: 0.39
[0.36–0.43] for wave 5 versus 1), although there was little
effect for patients where SARS-CoV-2 was not the most re-
sponsible diagnosis (OR: 0.81 [0.69–0.96] for wave 5 vs
wave 1) or if diagnosed by Ontario Laboratories Informa-
tion System alone (OR: 0.92 [0.71–1.18] for wave 5 vs
wave 1) (table 5).

Length of stay

The total crude hospital length of stay was shortest during
wave 5 (mean ± SD: 10.5 ± 14.3 days). After adjustment
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Table 1:
Characteristics of admissions by COVID-19 wave.

Wave 1 Wave 2 Wave 3 Wave 4 Wave 5

Wild-type Wild-type Alpha Delta Omicron

n 6127 14,371 16,653 5678 30,372

COVID-19 diagnosis type Most responsible diagnosis 4234 (69%) 10,072 (70%) 12,691 (76%) 3345 (59%) 13,065 (43%)

Other 610 (10%) 1297 (9%) 1317 (8%) 888 (16%) 4876 (16%)

None (OLIS only) 1283 (21%) 3002 (21%) 2645 (16%) 1445 (25%) 12,431 (41%)

Patient characteristics

Age (years) 67.2 (SD: 19.2) 68.2 (SD: 19.6) 59.4 (SD: 19.2) 60.4 (SD: 21.5) 61.3 (SD: 25.2)

≤6 months 11 (<1%) 65 (<1%) 63 (<1%) 43 (1%) 555 (2%)

>6 months to 18 years 81 (1%) 196 (1%) 323 (2%) 162 (3%) 1704 (6%)

>18 to 40 years 487 (8%) 1176 (8%) 2420 (15%) 890 (16%) 4719 (16%)

>40 to 50 years 452 (7%) 927 (6%) 2004 (12%) 592 (10%) 1882 (6%)

>50 to 60 years 961 (16%) 1780 (12%) 3229 (19%) 823 (15%) 2834 (9%)

>60 to 70 years 1126 (18%) 2582 (18%) 3310 (20%) 1023 (18%) 4542 (15%)

>70 to 80 years 1192 (19%) 3067 (21%) 2833 (17%) 988 (17%) 5945 (20%)

>80 years 1815 (30%) 4578 (32%) 2471 (15%) 1157 (20%) 8191 (27%)

Male 3249 (53%) 7698 (54%) 9066 (54%) 3077 (54%) 14,994 (49%)

Rurality Rural 268 (4.4%) 610 (4.3%) 725 (4.4%) 622 (11%) 3262 (11%)

Urban 5830 (96%) 13,710 (96%) 15,850 (96%) 5036 (89%) 26,997 (89%)

Missing 29 (<1%) 51 (<1%) 78 (<1%) 20 (<1%) 113 (<1%)

Deprivation quintile 1 (least marginalised) 923 (15%) 2180 (15%) 2349 (14%) 859 (16%) 4771 (16%)

2 988 (17%) 2353 (17%) 2701 (17%) 944 (17%) 5146 (17%)

3 1152 (19%) 2613 (19%) 3009 (19%) 1002 (18%) 5560 (19%)

4 1207 (20%) 3049 (22%) 3442 (21%) 1157 (21%) 6119 (21%)

5 (most marginalised) 1707 (29%) 3931 (28%) 4743 (29%) 1531 (28%) 7932 (27%)

Missing 150 (2.4%) 245 (1.7%) 409 (2.5%) 185 (3.3%) 844 (2.8%)

Instability quintile 1 (least marginalised) 988 (17%) 2774 (20%) 3509 (22%) 1062 (19%) 4638 (16%)

2 795 (13%) 2034 (14%) 2461 (15%) 925 (17%) 4693 (16%)

3 1019 (17%) 2059 (15%) 2400 (15%) 956 (17%) 5110 (17%)

4 1255 (21%) 2609 (18%) 2897 (18%) 985 (18%) 6108 (21%)

5 (most marginalised) 1920 (32%) 4650 (33%) 4977 (31%) 1565 (28%) 8979 (30%)

Missing 150 (2.4%) 245 (1.7%) 409 (2.5%) 185 (3.3%) 844 (2.8%)

Dependency quintile 1 (least marginalised) 1372 (23%) 3457 (24%) 4857 (30%) 1248 (23%) 6329 (21%)

2 1160 (19%) 2764 (20%) 3609 (22%) 1121 (20%) 5524 (19%)

3 1083 (18%) 2291 (16%) 2742 (17%) 932 (17%) 5110 (17%)

4 960 (16%) 2369 (17%) 2438 (15%) 962 (18%) 5337 (18%)

5 (most marginalised) 1402 (23%) 3245 (23%) 2598 (16%) 1230 (22%) 7228 (24%)

Missing 150 (2.4%) 245 (1.7%) 409 (2.5%) 185 (3.3%) 844 (2.8%)

Ethnic diversity quintile 1 (least diverse) 496 (8%) 1125 (7%) 1188 (7%) 800 (14%) 5101 (17%)

2 705 (11%) 1486 (10%) 1606 (9%) 977 (18%) 5151 (18%)

3 910 (15%) 1895 (13%) 2177 (13%) 1049 (19%) 5307 (17%)

4 1211 (20%) 3201 (23%) 3590 (22%) 1199 (22%) 5982 (20%)

5 (most diverse) 2728 (46%) 6495 (46%) 7783 (48%) 1493 (27%) 8280 (28%)

Missing 77 (1.3%) 169 (1.2%) 309 (1.9%) 160 (2.8%) 551 (1.8%)

Long-term care resident 1111 (18%) 1468 (10%) 252 (2%) 133 (2%) 1273 (4%)

Supportive housing 718 (12%) 1320 (9%) 410 (2%) 271 (5%) 1765 (6%)

Charlson comorbidity score 0.66 (SD: 1.51) 0.68 (SD: 1.57) 0.41 (SD: 1.25) 0.55 (SD: 1.41) 0.76 (SD: 1.65)

Admission characteristics

Ambulance 3693 (60%) 9561 (67%) 10,297 (62%) 3351 (59%) 16,603 (55%)

Urgent 5923 (97%) 13,741 (96%) 16,022 (96%) 5350 (94%) 27,174 (89%)

Overnight admission 2136 (35%) 5368 (37%) 6119 (37%) 1988 (35%) 10,829 (36%)

Inter-hospital transfer 476 (8%) 1981 (14%) 3489 (21%) 799 (14%) 1797 (6%)

Outcomes

90-day mortality 1552 (25%) 3684 (26%) 2549 (15%) 903 (16%) 4944 (16%)

Use of critical care 1424 (24%) 3155 (22%) 4237 (25%) 1517 (27%) 4393 (14%)

Total length of stay (days) Mean (SD) days 21.7 (39.4) 18.7 (30.6) 14.2 (24.8) 25.4 (37.0) 10.5 (14.3)

Median (IQR) days 8.5 (3.6–23.8) 9.0 (4.0–20.1) 7.2 (3.7–14.7) 8.9 (4.0–29.6) 5.3 (2.2–12.6)

Diagnostic codes associated with admission episode*

Infections or parasites (A, B) 1434 (23%) 3083 (21%) 2978 (18%) 1238 (22%) 4886 (16%)

Malignancy (C) 373 (6%) 1036 (7%) 839 (5%) 390 (7%) 2851 (9%)

Pre-malignancy (D) 821 (13%) 2063 (14%) 2072 (12%) 876 (15%) 4243 (14%)

Endocrine disorder (E) 3057 (50%) 7691 (54%) 7780 (47%) 2440 (43%) 12,696 (42%)
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for patient and admission characteristics, the total admis-
sion length was a mean 7.8 (95% CI: 7.1–8.5) days and

10.5 (95% CI: 9.9–11.2) days shorter for patients admitted
in wave 2 and 5, respectively, vs wave 1. The total length

Mental health / addiction (F) 1682 (27%) 3911 (27%) 3043 (18%) 1297 (23%) 6379 (21%)

Nervous system disorder (G) 712 (12%) 1603 (11%) 1358 (8%) 646 (11%) 2893 (10%)

Eye/ear disorder (H) 91 (1%) 207 (1%) 230 (1%) 96 (2%) 427 (1%)

Circulatory system disorder (I) 2833 (46%) 7173 (50%) 6978 (42%) 2327 (41%) 12,626 (42%)

Respiratory system disorder (J) 4006 (65%) 10,041 (70%) 12,632 (76%) 3766 (66%) 13,018 (43%)

Digestive system disorder (K) 878 (14%) 2332 (16%) 2277 (14%) 916 (16%) 5064 (17%)

Skin disorder (L) 454 (7%) 1041 (7%) 810 (5%) 494 (9%) 1560 (5%)

Musculoskeletal system (M) 730 (12%) 1948 (14%) 1703 (10%) 781 (14%) 3221 (11%)

Genitourinary system (N) 2144 (35%) 5221 (36%) 4494 (27%) 1725 (30%) 8819 (29%)

Pregnancy or childbirth (O) 87 (1.4%) 403 (2.8%) 564 (3.4%) 253 (4.5%) 2637 (8.7%)

Perinatal condition (P) 6 (<1%) 18 (<1%) 10 (<1%) 11 (<1%) 94 (<1%)

Congenital condition (Q) 39 (1%) 79 (1%) 100 (1%) 36 (1%) 247 (1%)

AbnormaIab (R) 2138 (35%) 5331 (37%) 5469 (33%) 1975 (35%) 9488 (31%)

Injury / poisoning (S, T) 602 (10%) 1418 (10%) 1375 (8%) 787 (8%) 3237 (11%)

IQR: interquartile range (25th–75th percentile); OLIS: Ontario Laboratories Information System; SD: standard deviation.

* Not mutually exclusive, any diagnostic position and type (ICD-10 diagnostic code starts with the indicated letter).

Table 2:
COVID-19 as most responsible diagnosis.

Most responsible diagnosis was COVID-19 vs was not

OR (95% CI)* / ** p value

COVID-19 wave (SARS-CoV-2 subvariant) Wave 1 (wild-type) 1.0 (ref) <0.0001

Wave 2 (wild-type) 1.03 (0.91–1.16)

Wave 3 (Alpha-dominant) 0.99 (0.86–1.14)

Wave 4 (Delta-dominant) 0.36 (0.31–0.42)

Wave 5 (Omicron-dominant) 0.46 (0.41–0.52)

Patient characteristics

Age (per decade) 0.92 (0.87–0.99) 0.02

Sex (male vs female) 1.29 (1.21–1.37) <0.0001

Rurality (rural vs urban) 0.90 (0.79–1.04) 0.14

Deprivation (vs least marginalised) 0.74

2 1.07 (0.96–1.18)

3 1.00 (0.91–1.11)

4 1.01 (0.91–1.12)

5 (most marginalised) 1.01 (0.90–1.12)

Instability (vs least marginalised) 0.05

2 0.89 (0.79–1.00)

3 0.85 (0.75–0.95)

4 0.95 (0.84–1.06)

5 (most marginalised) 0.90 (0.81–1.01)

Dependency (vs least marginalised) 0.006

2 0.97 (0.87–1.09)

3 0.99 (0.88–1.01)

4 0.90 (0.81–1.01)

5 (most marginalised) 0.85 (0.76–0.95)

Ethnic diversity (vs least diverse) <0.0001

2 0.86 (0.77–0.97)

3 1.02 (0.91–1.14)

4 1.11 (0.99–1.25)

5 (most diverse) 1.30 (1.15–1.47)

Long-term care resident (yes vs no) 0.89 (0.81–0.97) 0.01

Supportive housing (yes vs no) 0.76 (0.70–0.83) <0.0001

Charlson comorbidity score (per 1-point increase) 0.91 (0.89–0.93) <0.0001

Admission characteristics

Ambulance (yes vs no) 1.22 (1.13–1.32) <0.0001

Urgent (yes vs no) 3.01 (2.30–3.94) <0.0001

Overnight admission (yes vs no) 1.04 (0.98–1.11) 0.23

Hospital transfer (yes vs no) 0.50 (0.45–0.56) <0.0001

Critical care (yes vs no) 1.12 (1.01–1.24) 0.03

* Odds ratios (OR) with 95% confidence intervals (CI) were derived from a logistic regression model.

** Adjusted for all covariates presented in this table.
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of stay was a mean 11.4 (95% CI: 11.0–11.8) days longer
for patients requiring critical care and 8–9 days shorter if
SARS-CoV-2 was the most responsible diagnosis. After
additionally adjusting for 30-day mortality, these associ-
ations were qualitatively similar. Stratified by whether
SARS-CoV-2 was the MRDx, wave-over-wave variation
in LOS was substantial when SARS-CoV-2 was not the
MRDx (longest LOS during wave 4 and shortest in wave
5), but remained somewhat steady across all waves when
SARS-CoV-2 was the MRDx (range was 5–7 days shorter
between waves 2–5 versus wave 1) (table 5).

Discussion

We found that the wave-over-wave characteristics of pa-
tients hospitalised with COVID-19 changed markedly
throughout the pandemic. Many of the sociodemographic
disparities observed during the first two waves of the pan-
demic (e.g. higher rate of admission among the elderly,
people from ethnically diverse neighbourhoods, residents
of long-term care or supportive housing) were reduced
by the third (Alpha-dominant) or fourth (Delta-dominant)
waves as vaccination efforts beginning in the middle of
wave 2 prioritised high-risk populations (figure 1). These
efforts may have translated into an improved 90-day mor-
tality, specifically among elderly patients.

Patients admitted with SARS-CoV-2 in the first wave were
predominantly urban dwellers (96% compared with 85%
in the rural areas) and were more likely to live in neigh-
bourhoods in the quintile with the highest material depri-

vation (29%), the highest residential instability (32%) and
the highest ethnic diversity (46%) [23]. By waves 4 (Delta-
dominant) and 5 (Omicron-dominant), however, 89% of
admitted patients resided in an urban area and 28% of
admitted patients resided in neighbourhoods having the
highest ethnic diversity. These findings are consistent with
other studies demonstrating that more-marginalised com-
munities were disproportionately affected by COVID-19
[12, 24, 25]. Active health system monitoring of SARS-
CoV-2 positivity identified communities disproportionate-
ly affected by COVID-19, resulting in targeted vaccination
efforts (figure 1) and prioritised modernisation of LTC fa-
cilities [1, 13, 26–28]. While wave-over-wave shift to rural
residents may reflect the natural progression of viral trans-
mission to less population-dense regions [29], reduced dis-
parities based on ethnic diversity and LTC residency sug-
gests that these efforts were successful in reducing (but not
eliminating) the disproportionate burden of COVID-19 in
marginalised neighbourhoods.

There were some indications that the severity of SARS-
CoV-2 admissions attenuated over time, particularly with
the Omicron variant (wave 5 in Ontario) [30–32]. We ob-
served a small reduction in wave 5 in the proportion of ad-
missions deemed urgent, patients arriving by ambulance,
the proportion of admissions requiring critical care and the
mean total length of stay. During waves 4–5, SARS-CoV-2
was the most responsible diagnosis in only 46% of patients
admitted (compared with 73% in the first 3 waves). This
observation may be driven by increases in incidental diag-
noses, protection from prior immune responses and higher

Figure 2: Kaplan-Meier plot for overall survival by COVID-19 wave.
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transmission despite lower case fatality associated with the
Omicron variant [33–35]. Even after adjusting for impor-
tant sociodemographic and clinical characteristics, we ob-
served a reduction in 90-day mortality beginning in wave
3 for most groups of patients. Changes in survival were not
observed among patients aged 40–69 years, which was un-
expected since vaccination eligibility was expanded to 18+
four months before the start of the fourth wave (a wavelet
attributed to the Delta variant) and 8 months before the
start of the fifth wave (driven by the Omicron variant). Al-
though survival was generally higher among younger pa-

tients, the lack of wave-over-wave improvement in this
group requires further investigation and is likely multifac-
torial (e.g. vaccine hesitancy among young adults, small
room for improvement or changing case mix) [14, 36].

Literature review

Studies in the literature reported similar shifts in sociode-
mographic characteristics, with reductions in age and co-
morbidities across waves [37–42]. In particular, several
studies reported lower age over time, including studies
conducted in the United Kingdom [37], United States [38,

Table 3:
Outcomes.

90-day mortality Critical care Total length of stay (days)

RR (95% CI)* / ** p value p-int*** OR (95% CI) # p value Beta (95% CI) ## p value

COVID-19 wave (subvariant) Wave 1 (wild-type) 1.0 (ref) <0.0001 n/a 1.0 (ref) <0.0001 0 (ref)

Wave 2 (wild-type) 1.00 (0.95–1.04) 0.76 (0.71–0.82) –4.0 (–5.1 to –3.0) <0.0001

Wave 3 (Alpha) 0.89 (0.85–0.94) 0.73 (0.68–0.79) –7.7 (–8.7 to –6.7) <0.0001

Wave 4 (Delta) 0.85 (0.79–0.91) 0.90 (0.83–0.99) 3.0 (1.7–4.2) <0.0001

Wave 5 (Omicron) 0.83 (0.80–0.88) 0.50 (0.47–0.54) –10.4 (–11.4 to –9.4) <0.0001

COVID-19 diagnosis type Most responsible diagnosis 1.0 (ref) <0.0001 <0.0001 1.0 (ref) <0.0001 0 (ref)

Other 0.96 (0.92–0.99) 0.87 (0.83–0.92) 8.7 (8.2–9.2) <0.0001

None (OLIS only) 0.68 (0.64–0.72) 0.63 (0.59–0.68) 8.3 (7.5–9.1) <0.0001

Patient characteristics

Age (per decade) 1.59 (1.57–1.61) <0.0001 <0.0001 0.97 (0.96–0.97) <0.0001 1.7 (1.7–1.8) <0.0001

Sex (male vs female) 1.19 (1.15–1.22) <0.0001 0.38 1.49 (1.43–1.55) <0.0001 1.1 (0.7–1.4) <0.0001

Rurality (rural vs urban) 1.01 (0.95–1.08) 0.77 0.20 1.16 (1.07–1.26) 0.0003 –2.9 (–3.5 to –2.2) <0.0001

Deprivation 1 (least marginalised) 1.0 (ref) <0.0001 0.98 1.0 (ref) <0.0001 0 (ref)

2 1.04 (0.99–1.10) 1.02 (0.95–1.09) –0.5 (–1.1 to –0.1) 0.09

3 1.10 (1.05–1.16) 1.06 (1.00–1.14) –0.6 (–1.2 to –0.0) 0.04

4 1.12 (1.06–1.17) 1.09 (1.01–1.16) –0.9 (–1.5 to –0.3) 0.003

5 (most marginalised) 1.19 (1.13–1.25) 1.21 (1.13–1.29) –1.1 (–1.7 to –0.6) 0.0001

Instability 1 (least marginalised) 1.0 (ref) 0.20 0.74 1.0 (ref) 0.14 0 (ref)

2 1.03 (0.98–1.08) 1.05 (0.98–1.12) 0.8 (0.3–1.4) 0.004

3 1.01 (0.96–1.07) 0.97 (0.91–1.04) 1.1 (0.5–1.7) 0.0001

4 1.00 (0.95–1.05) 0.97 (0.90–1.03) 1.7 (1.1–2.3) <0.0001

5 (most marginalised) 0.97 (0.93–1.02) 0.98 (0.92–1.05) 2.3 (1.8–2.9) <0.0001

Dependency 1 (least marginalised) 1.0 (ref) 0.25 0.19 1.0 (ref) <0.0001 0 (ref)

2 1.00 (0.95–1.05) 1.01 (0.95–1.07) 0.3 (–0.2 to 0.8) 0.28

3 1.00 (0.95–1.05) 0.91 (0.86–0.97) 0.6 (0.1–1.2) 0.02

4 1.01 (0.97–1.06) 0.98 (0.92–1.05) 0.0 (–0.6 to 0.5) 0.96

5 (most marginalised) 0.97 (0.91–1.01) 0.84 (0.79–0.90) 1.7 (1.1–2.3) <0.0001

Ethnic diversity 1 (least diverse) 1.0 (ref) 0.07 0.13 1.0 (ref) <0.0001 0 (ref)

2 0.98 (0.92–1.03) 0.96 (0.89–1.04) 1.5 (0.9–2.2) <0.0001

3 0.95 (0.90–1.01) 0.84 (0.77–0.91) 1.0 (0.3–1.7) 0.003

4 0.93 (0.88–0.98) 0.78 (0.72–0.85) 1.2 (0.5–1.9) 0.0004

5 (most diverse) 0.96 (0.91–1.02) 0.71 (0.66–0.77) 0.4 (–0.3 to 1.0) 0.24

Long-term care resident (yes vs no) 1.58 (1.51–1.64) <0.0001 0.03 0.49 (0.44–0.54) <0.0001 0.3 (–0.7 to 1.3) 0.56

Supportive housing (yes vs no) 1.05 (1.00–1.09) 0.06 0.06 0.42 (0.38–0.46) <0.0001 3.1 (2.2–4.0) <0.0001

Charlson comorbidity score (per unit) 1.13 (1.12–1.14) <0.0001 0.05 1.01 (1.00–1.03) 0.05 0.8 (0.7–0.9) <0.0001

Admission characteristics

Ambulance (yes vs no) 1.36 (1.31–1.41) <0.0001 0.04 1.60 (1.53–1.67) <0.0001 2.1 (1.7–2.5) <0.0001

Urgent admission (yes vs no) 1.62 (1.41–1.86) <0.0001 0.70 1.53 (1.37–1.71) <0.0001 2.1 (1.4–2.8) <0.0001

Overnight admission (yes vs no) 0.97 (0.94–1.00) 0.05 0.40 0.93 (0.89–0.96) 0.0002 0.0 (–0.4 to 0.3) 0.93

Hospital transfer (yes vs no) 0.89 (0.85–0.93) <0.0001 <0.0001 3.52 (3.34–3.70) <0.0001 20.1 (19.1–21.0) <0.0001

Critical care (yes vs no) 2.97 (2.88–3.06) <0.0001 <0.0001 – – 11.7 (11.1–12.2) <0.0001

* Risk ratios (RR) with 95% confidence intervals (CI) were derived from a modified Poisson regression model predicting 90-day mortality since the start of the admission episode.

** Adjusted for all covariates presented in this table.

*** p value from interaction term with COVID-19 wave.
# Odds ratio (OR) with 95% confidence intervals (CI) from logistic regression predicting use of critical care anytime during the hospital stay.
## Beta coefficient interpretable as the number of days longer (positive) or shorter (negative) than the reference category, a 10-year increase in age or a 1-unit increase in comor-
bidity score. Beta coefficients correspond to ordinary least square regression (identity link, normal distribution) with standard errors and p values estimated using heteroscedas-
ticity-consistent standard error estimators.
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39], Europe [40, 42], South America [41] and Canada [11].
One study found that individuals with Omicron tended to

be 20–40 years old, whereas Delta infections were more
often found in children 12 years or younger or in adults 60

Table 4:
90-day mortality stratified by covariates with a significant statistical interaction with wave (see table 3). Risk ratios (RR) with 95% confidence intervals (CI) were derived from a
modified Poisson regression with wave 1 serving as the reference category. RRs are adjusted for all covariates presented in table 2.

Characteristic Wave 1 (wild-
type)

Wave 2 (wild-
type)

Wave 3 (Alpha) Wave 4 (Delta) Wave 5 (Omi-
cron)

Overall

n = 6116 n = 14,365 n = 16,646 n = 5671 n = 30,368 p value

90-day mortality n (%) 1552 (25%) 3684 (26%) 2549 (15%) 903 (16%) 4944 (16%) –

Crude RR 1.0 (ref) 1.01 (0.96–1.06) 0.60
(0.57–0.64)

0.63
(0.58–0.68)

0.64 (0.61–0.67) <0.0001

Adjusted RR 1.0 (ref) 1.00 (0.95–1.04) 0.89
(0.85–0.94)

0.85
(0.79–0.91)

0.81 (0.80–0.88) <0.0001

By age group* >40 to 50-year-olds 1.0 (ref) 0.66 (0.42–1.03) 0.77
(0.52–1.14)

0.70
(0.43–1.12)

0.91 (0.60–1.38) 0.26

>50 to 60-year-olds 1.0 (ref) 1.07 (0.84–1.36) 1.04
(0.83–1.30)

1.10
(0.84–1.45)

1.19 (0.95–1.50) 0.51

>60 to 70-year-olds 1.0 (ref) 0.91 (0.80–1.05) 0.89
(0.77–1.02)

0.85
(0.71–1.02)

0.87 (0.76–1.00) 0.36

>70 to 80-year-olds 1.0 (ref) 1.04 (0.94–1.15) 0.92
(0.83–1.03)

0.87
(0.76–1.00)

0.85 (0.77–0.94) <0.0001

>80-year-olds 1.0 (ref) 1.02 (0.97–1.08) 0.93
(0.87–1.00)

0.83
(0.75–0.91)

0.75 (0.71–0.80) <0.0001

By long-term care residence (age
65+)**

Non-resident 1.0 (ref) 0.99 (0.93–1.05) 0.91
(0.86–0.97)

0.84
(0.77–0.91)

0.81 (0.76–0.86) <0.0001

Resident 1.0 (ref) 1.09 (1.01–1.18) 0.85
(0.72–1.01)

0.83
(0.66–1.04)

0.76 (0.69–0.84) <0.0001

COVID as most responsible diagnosis Most responsible diagno-
sis

1.0 (ref) 0.98 (0.93–1.04) 0.89
(0.84–0.95)

0.92
(0.85–1.00)

0.88 (0.83–0.94) <0.0001

Other diagnosis type 1.0 (ref) 1.12 (1.01–1.24) 0.94
(0.84–1.06)

0.84
(0.73–0.97)

0.79 (0.71–0.87) <0.0001

OLIS 1.0 (ref) 0.85 (0.68–1.06) 0.85
(0.67–1.08)

0.61
(0.47–0.79)

0.86 (0.71–1.05) 0.002

Critical care No 1.0 (ref) 1.02 (0.96–1.08) 0.82
(0.76–0.88)

0.73
(0.66–0.80)

0.77 (0.72–0.81) <0.0001

Yes 1.0 (ref) 1.04 (0.96–1.12) 1.00
(0.93–1.08)

1.06
(0.96–1.17)

1.06 (0.98–1.15) 0.28

Ambulance arrival No 1.0 (ref) 1.06 (0.95–1.20) 1.00
(0.88–1.13)

0.97
(0.84–1.13)

0.89 (0.80–1.00) 0.007

Yes 1.0 (ref) 0.98 (0.93–1.03) 0.86
(0.81–0.91)

0.81
(0.75–0.88)

0.82 (0.77–0.86) <0.0001

Hospital transfer No 1.0 (ref) 0.98 (0.93–1.030 0.87
(0.83–0.92)

0.84
(0.78–0.90)

0.80 (0.76–0.84) <0.0001

Yes 1.0 (ref) 1.32 (1.08–1.61) 1.11
(0.91–1.36)

1.09
(0.85–1.39)

1.31 (1.06–1.61) 0.0004

OLIS: Ontario Laboratories Information System.

* Very few deaths occurred for patients <40 years.

** p = 0.054 for interaction between wave and long-term care residence.

Table 5:
Outcomes by COVID-19 diagnosis type.

Characteristic Wave 1 (wild-type) Wave 2 (wild-type) Wave 3 (Alpha) Wave 4 (Delta) Wave 5 (Omicron)

n = 6116 n = 14,365 n = 16,646 n = 5671 n = 30,368

90-day mortality RR (95% CI) RR (95% CI) RR (95% CI) RR (95% CI) p value*

COVID-19 as most responsible diagnosis 1.0 (ref) 0.98 (0.93–1.04) 0.89 (0.84–0.95) 0.92 (0.85–1.00) 0.88 (0.83–0.94) <0.0001

COVID-19 as other diagnosis type 1.0 (ref) 1.12 (1.01–1.24) 0.94 (0.84–1.06) 0.84 (0.73–0.97) 0.79 (0.71–0.87) <0.0001

COVID-19 identified only through OLIS 1.0 (ref) 0.85 (0.68–1.06) 0.85 (0.67–1.08) 0.61 (0.47–0.79) 0.86 (0.71–1.05) 0.002

Use of critical care OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) p value*

COVID-19 as most responsible diagnosis 1.0 (ref) 0.69 (0.63–0.75) 0.65 (0.59–0.71) 0.80 (0.72–0.89) 0.39 (0.36–0.43) <0.0001

COVID-19 as other diagnosis type 1.0 (ref) 1.08 (0.90–1.30) 1.19 (0.99–1.43) 1.31 (1.07–1.61) 0.81 (0.69–0.96) <0.0001

COVID-19 identified only through OLIS 1.0 (ref) 0.97 (0.73–1.29) 0.94 (0.71–1.26) 1.17 (0.88–1.57) 0.92 (0.71–1.18) 0.21

Total length of stay Beta (95% CI) Beta (95% CI) Beta (95% CI) Beta (95% CI) p value*

COVID-19 as most responsible diagnosis 0.0 (ref) –5.1 (–5.7 to –4.5) –6.4 (–7.0 to –5.8) –4.9 (–5.7 to –4.1) –7.1 (–7.7 to –6.5) <0.0001

COVID-19 as other diagnosis type 0.0 (ref) 2.0 (0.2–3.7) –5.1 (–6.9 to –3.2) 16.5 (14.5–18.6) –9.7 (–11.3 to –8.1) <0.0001

COVID-19 identified only through OLIS 0.0 (ref) –4.2 (–7.3 to –1.0) –11.5 (–14.7 to –8.4) 7.0 (3.6–10.4) –14.8 (–17.6 to –12.0) <0.0001

Beta: coefficient from linear regression, in days; CI: Confidence interval; OLIS: Ontario Laboratories Information System; OR: Odds ratio (coefficient from logistic regression); RR:
Risk ratio (coefficient from modified Poisson regression).

* Adjusted for all variables in table 3.
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years or older [9]. In one study, there was a higher num-
ber of black patients hospitalised in the third wave com-
pared to the first two waves [38]. Additionally, the Delta
variant had a more uniform geographical spread, whereas
Omicron was more concentrated within urban geographi-
cal regions in British Columbia [9]. Similar to our study,
admitted patients were less likely to be LTC residents by
wave 3 [43].

Owing to a multitude of factors (e.g. decreasing age and
comorbidity, vaccination efforts, change in treatment), sev-
eral studies internationally reported reductions in total ad-
mission length of stay or use of critical care over time
[11, 38–42, 44–46]. One Canadian study found no differ-
ence in mortality among older adults (≥65 years) after ad-
justing for age, sex, number of comorbidities, ICU admis-
sion, frailty and delirium between waves 1–3. [43]. This
aligns with our study, where we observed improvement in
survival among patients ≥70 years by the Delta and Omi-
cron waves. In one English study that stratified the results
by ethnic group, a lower mortality was reported over time
during the first two waves of the pandemic, but the de-
cline in mortality was more pronounced among the white
group [47]. One Canadian study from Alberta and On-
tario observed a 2-fold increase in mortality in the Delta
wave compared to previous waves [11]. A more recent
Canadian study demonstrated reduced mortality with Omi-
cron compared with wild-type and Alpha, but no difference
with Delta, but did not assess changing use of critical care
and was not population-based (comprised a subcohort of
an angiotensin receptor blocker observational cohort) [48].
A study from Copenhagen observed a 40% reduction in
6-day mortality after admission with Omicron versus Delta
[7].

Strengths

One of the strengths of this study is the examination of
patient characteristics and outcomes over time and strat-
ified by important sociodemographic characteristics. Our
findings are consistent with reports from the early pandem-
ic for 90-day mortality (24.4% in Brazil, 20.3% from the
United States) and total length of stay, in addition to the
sociodemographic characteristics associated with hospital-
isations [49, 50]. Thus, we expect our results to be gen-
eralisable to other jurisdictions. Moreover, this is the first
population-based study in Ontario (Canada’s most popu-
lous province) that includes the Omicron wave.

The hypothesis-generating nature of this study is another
strength of this work. The most common post-admission
diagnosis was SARS-CoV-2, which may represent a subset
of patients who contracted SARS-CoV-2 during their hos-
pital admission or were diagnosed incidentally during their
admission [51]. The next most common post-admission di-
agnoses included urinary tract infection and acute renal
failure [51]. Acute kidney injury has been documented as a
common and serious adverse event associated with SARS-
CoV-2 infection. Acute kidney injury is a risk factor for
end-stage renal disease [52], but whether this relationship
holds when SARS-CoV-2 is the aetiological agent remains
to be established. These represent important avenues for
future work.

Limitations

One limitation is that SARS-CoV-2 vaccination data were
unavailable for analysis. Vaccination efforts prioritised
high-risk populations based on existing morbidity (e.g.
chronic kidney disease), setting (e.g. long-term care facili-
ty) and geography (e.g. neighbourhoods with high margin-
alisation indices based on postcode). The drastic changes
in patient sociodemographics since the early pandemic
suggests that these efforts were effective, but the high
prevalence of acute kidney failure among patients hos-
pitalised with SARS-CoV-2 requires further examination.
Second, without individual-level sociodemographic infor-
mation, we instead relied on neighbourhood-level charac-
teristics. While these were informative and valid for this
work (e.g. since public health measures were often made
at the neighbourhood-level), neighbourhood-level features
are not a substitute for individual-level data such as race
and ethnicity [53]. Third, there is no gold-standard defin-
ition for SARS-CoV-2-related admission. Although pres-
sure on laboratories and the resulting backlog is unlikely
to affect hospitalised patients who may be prioritised over
community testing, validation is needed. Our survival
analysis suggests that using DAD, even in the absence of
evidence from Ontario Laboratories Information System,
identified many patients hospitalised for SARS-CoV-2 that
may not be captured by OLIS. The 90% coverage by OLIS
that we observed is expected, since not all laboratories re-
port to OLIS. Fourth, the characteristics of patients admit-
ted for SARS-CoV-2 infection may differ from those ad-
mitted with SARS-CoV-2 infection. We used COVID-19
as the most responsible diagnosis as a surrogate for this,
but validation is needed. Fifth, we only retained the first-
ever admission episode per patient related to SARS-CoV-2
infection. This was done in order to reduce bias when com-
paring outcomes between different waves, since the likeli-
hood of previous admissions increases over time and may
influence the outcomes for subsequent admissions.

Conclusion

Over the course of the pandemic, the sociodemographic
characteristics of patients hospitalised with SARS-CoV-2
changed significantly, but SARS-CoV-2 hospitalisations
still disproportionately affected more-marginalised re-
gions. Improved survival and reduced use of critical care
during the Omicron wave are reassuring.
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Appendix
Technical appendix: Ascertainment of SARS-CoV-2-re-
lated admission episode

Among all admission episodes (n = 2,048,525), 63,601
(3.1%) had U071/2 coded in DAD, 50,052 (2.4%) had at
least one positive SARS-CoV-2 test from Ontario Labora-
tories Information System and 27,853 (1.3%) had a U071/2
diagnostic code in NACRS any time during the admission
episode (table S1). The DAD or NACRS record containing
the first U071/2 diagnostic code occurred on the date the
admission episode started for at least 95% of admissions.
In contrast, the date of the SARS-CoV-2-positive test in
Ontario Laboratories Information System occurred a medi-
an 1 day after the admission start (90th percentile: 12 days).

A total of 16,607 patients had evidence of SARS-CoV-2 in
NACRS within 1 week prior to the admission and 17,976
within 2 weeks (total 40,464 during the admission or with-
in 2 weeks prior). Using Ontario Laboratories Information
System, substantially more patients were flagged as having
had a positive SARS-CoV-2 test when the look-back win-
dow was extended from 1 week (n = 15,168) to 2 weeks
(n = 21,010) (total 64,658 during the admission or within 2
weeks prior).

Among the 63,601 SARS-CoV-2-related admissions ac-
cording to DAD, 44,931 (71%) had a corresponding On-
tario Laboratories Information System record during the

admission and 57,151 (90%) had an OLIS record during
the admission or within 2 weeks prior (figure A1). Simi-
larly, 26,867 (42%) and 38,130 (60%) had corresponding
evidence in NACRS during the admission and/or within 2
weeks prior to the admission episode, respectively. Among
the 40,464 admissions with evidence of SARS-CoV-2 in
NACRS (during or within 2 weeks prior), OLIS corrobo-
rated 36,550 (90%) of these (during or within 2 weeks pri-
or). Among the 6450 (10%) of DAD admissions without a
corresponding OLIS record, 2672 (41%) had correspond-
ing evidence in NACRS within 2 weeks before or during
the admission. Using overall survival as an indicator for
the definition of a SARS-CoV-2-related admission, when
captured in DAD, overall survival curves were similar re-
gardless of corroboration from OLIS (figure A2a). Among
admissions not captured by DAD, survival curves were
qualitatively similar if identified from NACRS, regardless
of corroboration from OLIS (figure A2b). Additionally,
whether defined by NACRS or OLIS, overall survival was
worse than if absent from all sources.

We therefore considered an admission episode to be related
to SARS-CoV-2 if any source indicated SARS-CoV-2 pos-
itivity during (DAD, NACRS, OLIS) or within 2 weeks
prior (NACRS, OLIS) to the admission episode. Since our
index date is the first admission related to SARS-CoV-2,
we did not apply a hierarchy to these sources of evidence.

Figure S1: Cohort creation.

Original article Swiss Med Wkly. 2024;154:3636

Swiss Medical Weekly · www.smw.ch · published under the copyright license Attribution 4.0 International (CC BY 4.0) Page 13 of 16



Figure S2: Diagnostic codes. Any diagnosis type.

Figure S3: Diagnostic codes. Post-admission complication only.
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Table S1:
Agreement between DAD, NACRS and OLIS. n = 2,059,517 admission episodes; Restricted to admission episodes starting between 1 April 2020 (when ICD-10 codes became
available for use) and 31 March 2022 (most recent data available).

Time since episode start

During episode* n (%) Median (IQR) 90percentile 95 percentile 99 percentile

DAD 63,099 (3.1%) 0 (0–0) 0 0 9

NACRS 26,868 (1.3%) 0 (0–0) 0 0 0

OLIS 49,490 (2.4%) 1 (0–2) 12 25 77

Time until episode start

Before episode** n (%) Median (IQR) 90 percentile

NACRS (≤7 d) 16,607 1 (1–2) 4

NACRS (≤14 d) 17,976 1 (1–3) 6

NACRS (any time) 33,700 8 (1–141) 320

OLIS (≤7 d) 15,168 4 (2–6) 7

OLIS (≤14 d) 21,010 5 (3–8) 11

OLIS (any time) 71,422 67 (10–221) 353

DAD: Discharge Abstract Database; IQR: interquartile range (25th–75th percentile); NACRS: National Ambulatory Care Reporting System; OLIS: Ontario Laboratories Information
System.

* Anytime (inclusive) between the episode start and end dates.

** Anytime between the episode start date (exclusive) and 7 days (or 14 days) prior (inclusive).

Figure S4: Overlap between sources of evidence for SARS-CoV-2-related hospitalisations.(A) Evidence of SARS-CoV-2 in NACRS and On-
tario Laboratories Information System (OLIS) during the admission episode. (B) Evidence of SARS-CoV-2 in NACRS and OLIS during or 2
weeks before the admission episode.
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Figure S5: Overall survival as an outcome indicator for defining a SARS-CoV-2-related admission. (A) Admission episodes flagged as SARS-
CoV-2-related by source. (B) Admission episodes flagged as SARS-CoV-2-related by source, if missing in DAD.
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