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There have been 5 waves of the COVID-19 pandemic 
in Canada, including the omicron-driven wave (as of 
Dec. 17, 20211). Mortality from COVID-19 varied 

as the waves moved across the world, and changes in patient 
mix, the emergence of successful treatment and improve-
ments in quality of care affected acute COVID-19 mortality. 
Some studies showed decreased mortality after wave 1.2,3 In a 
43-country study,3 there was lower mortality in wave 2 than 
in wave 1. Domingo and colleagues4 found higher mortality 
among patients in Spain in wave 1 than in wave 2 that was 
explained by differences in intensive care unit (ICU) admis-
sion and ventilation use. In another study, with data from 14 
countries that each had at least 4000 deaths from COVID-19 

as of Jan. 14, 2021, the age distribution of those who died was 
similar between waves 1 and 2, but there were fewer deaths 
among nursing home residents in wave 2.5 More use of anti-
coagulation and corticosteroids in wave  2 may explain the 
lower mortality.6 In Spain, patients from wave 2 were more 
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Background: There have been multiple waves in the COVID-19 pandemic in many countries. We sought to compare mortality and 
respiratory, cardiovascular and renal dysfunction between waves in 3 Canadian provinces.

Methods: We conducted a substudy of the ARBs CORONA I study, a multicentre Canadian pragmatic observational cohort study that 
examined the association of pre-existing use of angiotensin receptor blockers with outcomes in adults admitted to hospital with acute 
COVID-19 up to April 2021 from 9 community and teaching hospitals in 3 Canadian provinces (British Columbia, Ontario and Quebec). 
We excluded emergency department admissions without hospital admission, readmissions and admissions for another reason. We 
used logistic and 0-1-inflated β regression models to compare 28-day and in-hospital mortality, and the use of invasive mechanical 
ventilation, vasopressors and renal replacement therapy (RRT) between the first 3 waves of the COVID-19 pandemic in these provinces.

Results: A total of 520, 572 and 245 patients in waves 1, 2 and 3, respectively, were included. Patients in wave 3 were on average 
younger and had fewer comorbidities than those in waves 1 and 2. The unadjusted 28-day mortality rate was significantly lower in 
wave 3 (7.8%) than in wave 1 (18.3%) (odds ratio [OR] 0.43, 95% confidence interval [CI] 0.24–0.78) and wave 2 (16.3%) (OR 0.46, 
95% CI 0.27–0.79). After adjustment for differences in baseline characteristics, the difference in 28-day mortality remained significant 
(adjusted OR wave 3 v. wave 1: 0.46, 95% CI 0.26–0.81; wave 3 v. wave 2: 0.52, 95% CI 0.29–0.91). In-hospital mortality findings 
were similar. Use of invasive mechanical ventilation or vasopressors was less common in waves 2 and 3 than in wave 1, and use of 
RRT was less common in wave 3 than in wave 1.

Interpretation: Severity of illness decreased (lower mortality and less use of organ support) across waves among patients admitted 
to hospital with acute COVID-19, possibly owing to changes in patient demographic characteristics and management, such as 
increased use of dexamethasone. Continued application of proven therapies may further improve outcomes. Study registration: 
ClinicalTrials.gov, no. NCT04510623
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often treated with noninvasive ventilation and corticoster-
oids, and less often with invasive ventilation, usual oxygen 
therapy and anticoagulants.7 Other studies showed increased 
mortality in later waves in Africa8 and South Korea.9

Although prior studies showed differences in case numbers 
across waves,2–9 we are not aware of any reports of differences 
in organ dysfunction and use of organ-supporting care (venti-
lation, vasopressors and renal replacement therapy [RRT]) 
across waves. Differences in outcomes between waves may be 
due to differences in patient characteristics (age, comorbidi-
ties2–9), viral characteristics (viral load10,11 and variants of con-
cern12), natural immunity,13 genetics,14 postvaccination immu-
nity,15 resources (hospital16 and ICU17,18 bed availability) and 
treatments (dexamethasone19,20). Examination of differences in 
patient baseline characteristics between waves would require 
adjusted analyses, but not all studies did such analyses.

In this cohort study, we sought to compare mortality and 
use of respiratory, cardiovascular and renal support among 
adults admitted to hospital with acute COVID-19 in 3 Cana-
dian provinces between pandemic waves  1, 2 and 3. Our 
hypothesis was that there were differences in patient charac-
teristics, mortality and use of ventilation, vasopressors and 
RRT across these waves. 

Methods

Study design
This was a substudy of the ARBs CORONA I study,21 a multi-
centre Canadian pragmatic observational cohort study to 
examine the association of pre-existing use of angiotensin 
receptor blockers with outcomes in patients admitted to 
hospital with COVID-19. We used data from the ARBs 
CORONA I study to compare mortality and respiratory, car-
diovascular and renal dysfunction between the first 3 waves in 
3 Canadian provinces (British Columbia, Ontario and Que-
bec). The present study is reported in accordance with the 
STROBE checklist.22

Setting
Sites for the ARBs CORONA I study (Appendix 1, Table S1, 
available at www.cmajopen.ca/content/10/2/E379/suppl/
DC1) were 9  community and teaching hospitals in British 
Columbia, Ontario and Quebec that saw large numbers of 
patients admitted with acute COVID-19.

Two authors (T.L. and J.A.R.) independently derived defi-
nitions of waves 1, 2 and 3 in BC, Ontario and Quebec from 
the Canadian national COVID-19 daily epidemiology update 
website23 through visual identification of the start and end of 
cycles in daily case count for each province. Differences were 
resolved through discussion.

Participants
Those eligible for the study were adults (age > 18 yr) who had 
SARS-CoV-2 infection confirmed by clinically approved lab-
oratory SARS-CoV-2 testing at local hospital or provincial 
laboratories and were admitted to hospital for acute COVID-
19. Patients were defined as having acute COVID-19 based 

on best evidence at the time24–28 and when the site investigator 
judged that the admitting illness (to a ward or the ICU) was 
consistent with a clinical presentation of acute COVID-19.

We excluded readmissions for acute COVID-19, emer-
gency department admissions without hospital admission, and 
hospital admissions of patients with a positive SARS-CoV-2 
test result but whose acute illness was not due to acute 
COVID-19. Sites that enrolled only patients admitted to the 
ICU were excluded, as crude comparisons between waves 
would have been confounded by the proportions of patients 
from these sites in each wave (Appendix 1).

Data sources
Patients were identified prospectively at the sites, and data 
were collected by ARBs CORONA I research coordinators at 
each site using specifically designed electronic case report 
forms (Appendix 1). Baseline data were the first data available 
within 24 hours of admission. Quebec sites were unable to 
recruit patients in wave  3 owing to research coordinator 
shortages. Random samples of 15% of the records were 
reviewed for accuracy by the data monitoring team. There 
were no concerns regarding the quality of data, and any miss-
ing data were requested and included in the database.

Outcomes
For 28-day mortality, patients discharged alive before day 28 
and lost to follow-up were assumed to be survivors at 
day 28.19,20,29

We scored organ dysfunction as the use of invasive 
mechanical ventilation, vasopressors or RRT, and as days alive 
and free (DAF) of invasive mechanical ventilation, vasopres-
sors and RRT within the first 14 days (Appendix 1).

Medications looked at are listed in Appendix 1, Relevant 
variables captured on ARBs CORONA I case report forms.

Sample size
No formal sample size calculation was performed for this 
analysis as it was a substudy of the ARBs CORONA I study. 
The initial planned sample size of the ARBs CORONA I 
study was 497;21 this was later increased to 1600 because sev-
eral prior studies of association of exposure to angiotensin 
receptor blockers with outcomes were published, so we rea-
soned that a larger sample would be more clinically relevant.

Statistical analysis
We compared patient baseline characteristics using the 
χ2  test, Fisher exact test, analysis of variance or Kruskal–
Wallis test, as appropriate. To compare outcomes across 
waves, we performed unadjusted and adjusted regression anal-
yses, adjusting for predefined factors in ARBs CORONA I, 
including age, sex, comorbidities (chronic heart disease, 
hypertension, chronic kidney disease and diabetes, the comor-
bidities most commonly associated with death in patients with 
COVID-1924,27,30) and baseline systolic blood pressure, plus 
organ dysfunction confounders (baseline heart rate, oxygen 
saturation level and creatinine level), which were different 
across waves.
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We used logistic regression to compare 28-day and in-
hospital mortality, and any use of invasive mechanical ventila-
tion, vasopressors or RRT during the hospital stay or the first 
14 days. Results were expressed as odds ratio (OR) and 95% 
confidence interval (CI). We compared DAF between waves 
using 0-1-inflated β regression (Appendix 1), as the observed 
data had a U-shaped distribution; results were expressed as 
mean difference in DAF. Adjusted analysis for DAF of RRT 
was not feasible because too few patients received RRT dur-
ing the first 14 days.

Within each regression model, we compared outcomes 
between pairs of waves. Because the regional distribution of 
patients was different across waves owing to varying levels of 
site participation over time, we accounted for site effect in all 
regression analyses (unadjusted and adjusted) by including a 
site effect term in the model. Site effect was considered as 
random in logistic regression but as fixed in 0-1-inflated 
β regression owing to numeric issues and computational limi-
tations. In a sensitivity analysis, we restricted our analyses to 
BC, which contributed data throughout the 3 waves.

As there were minimal missing data, we excluded patients 
with missing data from the corresponding analysis. Around 
5% of patients were excluded from the adjusted regression 
analyses as they did not have complete data on all the 
required variables.

Analyses were conducted in SAS 9.4 (SAS Institute) and R 
4.0.4 (R Foundation for Statistical Computing). A p  value 
< 0.05 was considered statistically significant.

Ethics approval
The study was approved by Providence Health Care and the 
University of British Columbia Human Research Committee 
and by each of the contributing clinical sites. Anonymized 
clinical data were deemed low risk, and informed consent was 
deemed not necessary for this research.

Results

Of 1337 patients with evaluable data admitted from Mar. 2, 
2020, to Apr.  14, 2021, 520 (38.9%), 572 (42.8%) and 245 
(18.3%) were in waves 1, 2 and 3, respectively (Figure 1). The 
regional distribution of patients varied across waves owing to 
varying levels of site participation (Figure 2; Appendix 1, 
Table S1).

Compared to patients in waves 1 and 2, those in wave 3 
were significantly younger (mean age 63.3  yr, 65.8  yr and 
70.2 yr in waves 3, 2 and 1, respectively, p < 0.001) and less 
likely to have chronic cardiac disease, hypertension, chronic 
kidney disease or diabetes (148/244 [60.7%], 381/569 [67.0%] 
and 370/518 [71.4%] in waves  3, 2 and 1, respectively, p  = 
0.01) (Figure 3, Table 1; Appendix 1, Table S2).

Treatments differed across waves. Lopinavir–ritonavir was 
administered to 13/516 patients (2.5%) in wave 1 versus no 
patients in waves 2 and 3 (p < 0.001) (Figure 4; Appendix 1, 
Table S3). Remdesivir use increased between waves 1 and 2 
(8/516 [1.6%] to 96/569 [16.9%]) and then decreased in 
wave  3 (24/245 [9.8%]) (p  < 0.001). Corticosteroid use 

People aged > 18 yr with confirmed 
SARS-CoV-2 infection admitted to

hospital, Mar. 2, 2020–Apr. 14, 2021
n = 2088 

Excluded  n = 751
• Hospital readmission for acute COVID-19  n = 37
• ED admission without hospital admission  n = 125
• Hospital admission for reason other than acute COVID-19  n = 220
• Unknown discharge outcome or currently still in hospital  n = 19
• From site that enrolled only patients admitted to ICU  n = 350   

Patients with evaluable data
n = 1337

Wave 1
n = 520

• British Columbia: Mar. 2–Sept. 30, 2020
• Ontario and Quebec: Mar. 2–Aug. 31, 2020 

Wave 2
n = 572

• British Columbia: Oct. 2, 2020–Feb. 14, 2021
• Ontario: Sept. 1, 2020–Feb. 14, 2021
• Quebec: Sept. 1, 2020–Feb. 28, 2021 

Wave 3
n = 245

• British Columbia and Ontario: Feb. 15–
 Apr. 14, 2021
• Quebec: Mar. 1–Apr. 14, 2021

Figure 1: Flow diagram showing patient selection. Note: ED = emergency department, ICU = intensive care unit.
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increased from wave 1 (160 [30.8%]) to wave 3 (223 [91.0%]), 
as did dexamethasone use (56 [10.8%] and 218 [89.0%], 
respectively) (both p  < 0.001). Among patients who ever 
received dexamethasone, treatment was initiated by day 1 in 
39/54 patients (72.2%), 409/459 patients (89.1%) and 195/209 
(93.3%) patients in waves 1, 2 and 3, respectively (p < 0.001).

The 28-day mortality rate was 18.3%, 16.3% and 7.8% 
among patients in waves 1, 2 and 3, respectively. It was signifi-
cantly lower in wave 3 than in wave 1 (adjusted OR 0.46, 95% 
CI 0.26–0.81) and wave 2 (adjusted OR 0.52, 95% CI 0.29–
0.91) (Figure 5; Appendix 1, Table S4). In-hospital mortality 
findings were similar.

There was significantly less use of invasive mechanical ven-
tilation in the later waves (wave 3 v. wave 1: adjusted OR 0.34, 
95% CI 0.22–0.54; wave 3 v. wave 2: adjusted OR 0.59, 95% 
CI 0.38–0.92; and wave 2 v. wave 1: adjusted OR 0.58, 95% 
CI 0.42–0.80) (Figure 5, Table 2; Appendix 1, Tables S5 and 
S6). Vasopressor use declined in waves 2 and 3 versus wave 1. 
Use of RRT declined in wave 3 versus wave 1.

Days alive and free of ventilation was greater in the later 
waves (adjusted mean difference 1.4 [95% CI 0.3–2.4] for 
wave 2 v. wave 1; 2.3 [95% CI 1.3–3.3] for wave 3 v. wave 1; 
and 0.9 [95% CI 0.1–1.6] for wave 3 v. wave 2), as was DAF of 
vasopressors (adjusted mean difference 1.3 [95% CI 0.2–2.2]
for wave 3 v. wave 1, and 0.8 [95% CI 0.05–1.6] for wave 3 v. 
wave 2) (Figure 5; Appendix 1, Table S7). Days alive and free 
of RRT was not significantly different across waves.

Findings were similar in the sensitivity analysis of BC data 
(Appendix 1, Table S8).

Interpretation

There were large differences in outcomes across waves 1–3 of 
the COVID-19 pandemic in patients admitted to hospital with 
acute COVID-19. Mortality rates and use of invasive mechan-
ical ventilation, vasopressors and RRT were significantly lower 
in wave 3 than in wave 1 in analyses adjusted for confounders. 
Use of dexamethasone was increased in the later waves.

In several aspects, our findings are consistent with those of 
other global reports. Our results align with those of other 
studies showing that mortality was lower in wave 2 than in 
wave 1.2–9 It adds evidence in showing even further decreases 
in mortality and organ dysfunction (as reflected by the use of 
respiratory, cardiovascular and renal support therapies) in 
wave 3. Our methods for risk factor adjustment were appro-
priate because we adjusted for the major factors associated 
with increased mortality of COVID-19: age, comorbidi-
ties,24,27,30 baseline systolic blood pressure and additional 
potential confounders of organ dysfunction that were differ-
ent across waves. These adjustments allowed us to tease out 
the differences in mortality and organ dysfunction across 
waves while adjusting for risk variables that may have differed 
or did differ across waves.

Our study differed from prior studies in that it was multi-
centre, it was based on Canadian data, we had detailed data 
regarding use of invasive mechanical ventilation, vasopressors 
and RRT during the hospital stay, and we had data on thera-
pies such as dexamethasone, antibiotics, and antiviral and anti-
fungal agents used in hospital.

M
ar

ch
Apr

il
M

ay
Ju

ne Ju
ly

Aug
us

t

Sep
te

m
be

r

Octo
be

r

Nov
em

be
r

Dec
em

be
r

Ja
nu

ar
y 

Feb
ru

ar
y

M
ar

ch
Apr

il

Quebec (n = 2)

Ontario (n = 4)

British Columbia
 (n = 3)

n = 136 n = 361 n = 198

Mar. 2 Oct. 1 Feb. 15 Apr. 14

n = 24 n = 201 n = 47

Mar. 2 Sept. 1 Feb.15 Apr. 14

n = 360 n = 10 n = 0

Mar. 2 Sept. 1 Mar. 1 Apr. 14

Wave 1 Wave 2 Wave 3

2020 2021

Figure 2: Number of patients with acute COVID-19 enrolled in each wave, by province.
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% of patients

0 10 20 30 40 50 60 70

Malnutrition

Dementia

Rheumatologic disorder

AIDS/HIV

Chronic hematologic disease

Malignant neoplasm

Chronic neurologic disorder

Liver disease

Chronic pulmonary disease

Any of the 4 above

Diabetes

Hypertension

Chronic kidney disease

Chronic cardiac disease

p = 0.06

p < 0.001

p = 0.009

p = 0.2

p = 0.07

p = 0.3

p = 0.2

p = 0.4

p = 0.02

p = 0.01

p = 0.6

p = 0.05

p = 0.03

p < 0.001

Wave 1

Wave 2

Wave 3

Figure 3: Comorbidities of patients in waves 1, 2 and 3. p value based on χ2 test or Fisher exact test, as appropriate.
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Table 1: Baseline characteristics of patients admitted to hospital with acute COVID-19, overall and in pandemic waves 1, 2 and 3

Characteristic

No. (%) of patients*

p value†
Overall 

n = 1337
Wave 1 
n = 520

Wave 2 
n = 572

Wave 3 
n = 245

Admission date –

    March–May 2020 429 (32.1) 429 (82.5) – –

    June–August 2020 34 (2.5) 34 (6.5) – –

    September–November 2020 276 (20.6) 57 (11.0) 219 (38.3) –

    December 2020–February 2021 386 (28.9) – 353 (61.7) 33 (13.5)

    March–April 2021 212 (15.9) – – 212 (86.5)

SARS-CoV-2 confirmed status < 0.001

    Positive on screening test 82 (6.1) 67 (12.9) 13 (2.3) 2 (0.8)

    Positive on definitive test 1255 (93.9) 453 (87.1) 559 (97.7) 243 (99.2)

Positive for other pathogen 11 (0.8) 9 (1.7) 2 (0.3) 0 (0.0) 0.02

Sex 0.3

    Male 791 (59.2) 293 (56.5) 348 (60.8) 150 (61.2)

    Female 545 (40.8) 226 (43.5) 224 (39.2) 95 (38.8)

    Unknown 1 (0.1) 1 (0.2) 0 (0.0) 0 (0.0)

Age, mean ± SD, yr (range) 67.0 ± 17.1
(20–103)

70.2 ± 16.3
(23–103)

65.8 ± 17.3
(20–100)

63.3 ± 17.1
(23–101)

< 0.001

Received COVID-19 vaccine before 
admission

24 (1.8) 0 (0.0 ) 3 (0.5) 21 (8.6) < 0.001

Admitted to intensive care unit on 
hospital admission day

218 (16.3) 104 (20.0) 83 (14.5) 31 (12.8) 0.01

Organ support on day of admission

    Invasive mechanical ventilation 102 (7.6) 55 (10.6) 34 (5.9) 13 (5.3) 0.005

Renal replacement therapy or 
dialysis

18/1320 (1.4) 8/511 (1.6) 7/567 (1.2) 3/242 (1.2) 0.9

    Vasopressor 81 (6.1) 35 (6.7) 33 (5.8) 13 (5.3) 0.7

Temperature, mean ± SD, °C 37.5 ± 0.9
n = 1306

37.5 ± 0.9
n = 501

37.4 ± 0.9
n = 563

37.4 ± 0.8
n = 242

0.1

Heart rate, mean ± SD, beats/min 94.2 ± 20.3
n = 1325

91.4 ± 20.6
n = 514

95.5 ± 20.3
n = 569

97.4 ± 19.1
n = 242

< 0.001

Respiratory rate, mean ± SD, 
breaths/min

24.0 ± 7.3
n = 1313

22.9 ± 6.4
n = 505

24.9 ± 7.9
n = 567

24.2 ± 7.5
n = 241

< 0.001

Systolic blood pressure, mean ± SD, 
mm Hg

129.4 ± 22.7
n = 1328

128.8 ± 22.9
n = 518

130.6 ± 23.4
n = 567

128.0 ± 20.5
n = 243

0.2

Diastolic blood pressure, mean 
± SD, mm Hg

73.8 ± 12.6
n = 1312

73.7 ± 11.9
n = 517

74.4 ± 13.2
n = 558

72.5 ± 12.5
n = 237

0.2

Oxygen saturation level, mean 
± SD, %

91.9 ± 7.2
n = 1320

93.5 ± 4.2
n = 507

90.8 ± 8.6
n = 570

91.1 ± 7.9
n = 243

< 0.001

Required oxygen therapy 436/1290 (33.8) 186/516 (36.0) 174/541 (32.2) 76/233 (32.6) 0.4

Leucocyte count, median (IQR), 
× 103/μL

6.6 (4.9–9.0)
n = 1310

6.5 (4.9–8.6)
n = 503

7.0 (5.1–9.2)
n = 566

6.4 (4.7–9.1)
n = 241

0.09

Hemoglobin level, median (IQR), g/L 132.0 (117.0–145.0)
n = 1311

130.0 (118.0–145.0)
n = 505

132.0 (117.0–145.0)
n = 565

134.0 (119.0–145.0)
n = 241

0.5

Creatinine level, median (IQR), 
μmol/L

85.0 (69.0–115.0)
n = 1309

84.0 (68.0–114.0)
n = 510

87.0 (70.0–121.0)
n = 561

82.0 (66.0–107.0)
n = 238

0.04

Note = IQR = interquartile range, SD = standard deviation.
*Except where noted otherwise.
†For the comparison between the 3 waves.
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Use of dexamethasone was shown to decrease mortality19 and 
use of ventilation20 in COVID-19 trials. In our study, it correlated 
with less use of ventilation and vasopressors, and with increased 
use of remdesivir in waves 2 and 3. Dexamethasone use may have 
decreased the need for ventilation and perhaps vasopressors in 
our study: use increased from 10.8% in wave 1 to 84.3% and 
89.0% in waves 2 and 3, respectively, and coincided with less use 
of invasive mechanical ventilation, vasopressors and RRT. We 
suspect that the positive results of the pivotal trials of dexametha-
sone19 and clinical awareness of its use in the COVID-19 pan-
demic likely drove the rapid change in practice we observed.

Studies later in the pandemic supported early weaning off 
mechanical ventilation,31,32 early physiotherapy,33,34 reductions 
in use of sedation and muscle relaxants35 and other ICU libera-

tion strategies35 that decrease mortality and length of stay. Early 
in the pandemic (before COVID-19 vaccines were available), 
these strategies may not have been implemented in order to 
decrease transmission to health care workers, likely to the detri-
ment of patients.36 The return to more usual ICU care of criti-
cally ill patients with COVID-19 that increased direct contact 
by bedside providers — as the latter became more vaccinated 
and accustomed to personal protective equipment — may plau-
sibly be associated with better outcomes. In addition, improved 
consistency and organization of COVID-19-specific ward care 
may have developed with successive waves, which would have 
contributed to reliable care and interventions, and improved 
patient outcomes.37 Perhaps some of these factors affected out-
comes of patients with acute COVID-19 that we observed.
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Antiviral agent (p = 0.06)

Lopinavir–ritonavir (p < 0.001)

Remdesivir (p < 0.001)

Antifungal agent (p = 0.1)
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Figure 4: COVID-19 therapies administered during the hospital stay. p value based on χ2 test or Fisher exact test, as appropriate.
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Limitations
In this association study, we could not determine causation. 
However, the study adds evidence regarding differences in 
patient characteristics, treatments and outcomes between 
waves 1, 2 and 3. The regional distribution of enrolled patients 
changed across waves, partly owing to research coordinator 

shortage in Quebec, which may have confounded our crude 
results. Another potential limitation is inadequate sample size, 
particularly in wave  3, which limited statistical power. Site 
selectivity was a limitation because our study was based on a 
combination of community and teaching hospitals. These cen-
tres were located in downtown cores and suburbs of large cities 

0.1 0.2 0.5 1.0 2.0 0.1 0.2 0.5 1.0 2.0 0.1 0.2 0.5 1.0 2.0

−1 0 1 2 3 4 −1 0 1 2 3 4 −1 0 1 2 3 4

OR (95% CI)

Mean difference (95% CI)

Outcome

28-d mortality

In-hospital mortality

Invasive ventilation ever

Renal replacement therapy ever

Vasopressors ever

Invasive ventilation first 14 d

Renal replacement therapy first 14 d

Vasopressors first 14 d

DAF invasive ventilation

DAF renal replacement therapy*

DAF vasopressors

Wave 2 v. wave 1 Wave 3 v. wave 1 Wave 3 v. wave 2

Unadjusted estimate Adjusted estimate

Figure 5: Comparison of outcomes between waves by regression analysis. The following factors were accounted for in the adjusted analysis: 
age, sex, chronic heart disease, hypertension, chronic kidney disease, diabetes, baseline systolic blood pressure, baseline heart rate, baseline 
oxygen saturation level, baseline creatinine level and site. *Adjusted regression analysis was not feasible numerically as too few patients 
received renal replacement therapy during the first 14 days. Note: CI = confidence interval, DAF = days alive and free, OR = odds ratio.
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in 3 provinces with the largest COVID-19 case loads, which 
limits the representativeness of our results somewhat. Our 
research coordinators used SARS-CoV-2 tests with a positive 
result in the hospital laboratory to find patients, but some 
patients may have been missed. Lower mortality in wave 3 may 
mean that patients had less severe disease or that treatments 

were better, or both. We would have needed to see measures of 
disease severity to conclude that patients had less severe illness, 
but there was no such measure for COVID-19 at that time.

We do not know whether variants of concern played a role 
in the decreased use of invasive mechanical ventilation and 
vasopressors in wave 3 compared to waves 1 and 2 because we 

Table 2: Outcomes, overall and in waves 1, 2 and 3

Variable

No. (%) of patients*

Overall
n = 1337

Wave 1
n = 520

Wave 2
n = 572

Wave 3
n = 245

28-day mortality† 207 (15.5) 95 (18.3) 93 (16.3) 19 (7.8)

In-hospital death 238 (17.8) 111 (21.3) 103 (18.0) 24 (9.8)

Admitted to intensive care unit 495/1336 (37.1) 201 (38.7) 215 (37.6) 79/244 (32.4)

Organ support during hospital stay

    All patients

        Invasive mechanical ventilation 281 (21.0) 130 (25.0) 116 (20.3) 35 (14.3)

Renal replacement therapy or dialysis 68/1320 (5.2) 33/511 (6.5) 30/567 (5.3) 5/242 (2.1)

        Vasopressor 285 (21.3) 120 (23.1) 123 (21.5) 42 (17.1)

    Patients admitted to intensive care unit

        Invasive mechanical ventilation 276/495 (55.8) 130/201 (64.7) 111/215 (51.6) 35/79 (44.3)

Renal replacement therapy or dialysis 49/484 (10.1) 25/193 (13.0) 20/213 (9.4) 4/78 (5.1)

        Vasopressor 276/495 (55.8) 118/201 (58.7) 117/215 (54.4) 41/79 (51.9)

Organ support during first 14 d

    Invasive mechanical ventilation 275 (20.6) 127 (24.4) 115 (20.1) 33 (13.5)

    Renal replacement therapy or dialysis 55/1315 (4.2) 26/508 (5.1) 24/565 (4.2) 5/242 (2.1)

    Vasopressor 278/1335 (20.8) 116 (22.3) 121/571 (21.2) 41/244 (16.8)

DAF of invasive mechanical ventilation 
during first 14 d, mean ± SD

10.8 ± 5.4
n = 1330

10.0 ± 5.9
n = 518

11.0 ± 5.3
n = 570

12.2 ± 4.3
n = 242

DAF of renal replacement therapy during 
first 14 d, mean ± SD

12.2 ± 4.6
n = 1319

11.8 ± 5.0
n = 509

12.3 ± 4.5
n = 567

13.1 ± 3.4
n = 243

DAF of vasopressor first 14 d, mean ± SD 11.3 ± 5.1
n = 1331

10.7 ± 5.5
n = 518

11.3 ± 5.0
n = 570

12.4 ± 3.9
n = 243

Hospital length of stay, d

    Survivors

        Median (IQR) 9.0 (5.0–19.0) 13.0 (7.0–25.0) 8.0 (5.0–15.0) 9.0 (5.0–15.0)

        Range 2.0–135.0 2.0–135.0 2.0–77.0 2.0–66.0

    Decedents

        Median (IQR) 11.0 (6.0–20.0) 11.0 (6.0–21.0) 11.0 (7.0–20.0) 12.0 (9.5–24.0)

        Range 0.0–63.0 0.0–63.0 1.0–44.0 2.0–62.0

Intensive care unit length of stay, d

    Survivors

        Median (IQR) 8.0 (4.0–14.0) 10.0 (4.0–17.0) 7.0 (4.0–11.0) 7.0 (2.0–13.5)

        Range 0.0–86.0 0.0–86.0 1.0–39.0 1.0–54.0

    Decedents

        Median (IQR) 14.0 (6.0–24.0) 15.0 (5.0–26.0) 12.0 (7.0–21.0) 16.0 (10.0–49.0)

        Range 0.0–61.0 0.0–61.0 0.0–38.0 3.0–57.0

Note: DAF = days alive and free, IQR = interquartile range, SD = standard deviation.
*Except where noted otherwise.
†Patients who were discharged alive before day 28 and were lost to follow-up were assumed to be survivors at day 28 (n = 185, 177 and 81 for waves 1, 2 and 3, respectively).



Research

E388 CMAJ OPEN, 10(2) 

did not measure SARS-CoV-2 genotype for variants of con-
cern. Variants of concern increased in frequency in later 
waves in Italy (yet mortality was lower compared to the first 
wave38), Japan39 and Hong Kong.40 Because we did not assess 
immunity in our patients, we could not determine whether 
immunity played a role in the decreased use of ventilation and 
vasopressors in wave 3. Barallat and colleagues41 found that, in 
wave  1, the seroprevalence of anti-SARS-CoV-2 IgG in 
health care workers in Barcelona was higher than that in the 
general population in the same geographic area. Utrero-Rico 
and colleagues42 showed that interleukin  6 levels predicted 
mortality in both the first and second waves in Europe.

We focused on organ support of the respiratory, cardiovas-
cular and renal systems by measuring use of invasive mechani-
cal ventilation, vasopressors and RRT. We did not assess neu-
rologic dysfunction as there was no comparable neurologic 
support system. Furthermore, assessment of neurologic dys-
function in critically ill people is difficult because of con-
founding by sedation. The lack of adjudication as to whether 
patients had acute COVID-19 was mitigated by having cen-
tres with extensive experience with acute COVID-19.

Conclusion
Outcomes of patients admitted to hospital with acute 
COVID-19 in 3 Canadian provinces improved in wave 3 of 
the pandemic, possibly related to patient demographic charac-
teristics, improved COVID-specific therapies and return to 
better baseline ICU care. Patients in wave 3 were younger, 
had fewer comorbidities and lower mortality, and needed less 
organ-supporting care than patients in the earlier waves, even 
after we accounted for these differences. Changes in at-risk 
groups and management strategies (such as corticosteroid 
treatment) may explain these improved outcomes.
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