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a b s t r a c t 

Objectives: To determine if there was excess mortality in Alberta, Canada during the coronavirus disease 2019 (COVID-19) pandemic, to confirm if excess mortality 
affected all age groups equally, and to determine what proportions of excess deaths were directly related to COVID-19 and non-pharmaceutical drug poisoning. 
Methods: Weekly all-cause data used to estimate excess mortality were modelled against the pre-pandemic period (January 2015–February 2020). Age-adjusted 
weekly mortality rates for March 2020 to December 2021 were compared with the preceding 5 years. 
Results: From March 2020 to December 2021, there was an 11% excess mortality rate, corresponding to an average of 265 monthly excess deaths (maximum > 30%). 
COVID-19-related deaths ( n = 3202) accounted for 54.9% of total excess deaths ( n = 5833) that occurred in the 22-month period. The increase in all-cause excess 
deaths was proportionately higher, and with significantly greater numbers, in younger age groups. Significant increases in monthly drug poisoning deaths occurred 
from March 2020 to April 2021, with a total of 1819 deaths. Eight hundred and 25 excess drug poisoning deaths, representing 25.4% of total all-cause excess deaths, 
occurred, mainly among those aged 25–60 years. Overall, 54.9% of all excess deaths were directly related to COVID-19 and 25.4% were related to drug poisoning. 
Conclusions: There was a significant increase in all-cause mortality during the COVID-19 pandemic. Although older adults are more likely to die of COVID-19, a massive 
increase in non-COVID-19-related mortality was observed among younger people. These factors should be considered in public policy decisions on epidemic/pandemic 
management. 
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ntroduction 

Following the emergence of severe acute respiratory syndrome
oronavirus-2 (SARS-CoV-2) in December 2019, with high case fatal-
ty rates reported in China (3.8–14.6% from 1 to 17 January 2020), the
nternational public health community reacted promptly by implement-
ng a suite of major non-pharmaceutical interventions ( Mi et al., 2020 ).
n the Western world, these measures were initially accepted as neces-
ary, but scepticism emerged over time ( Melnick and Ioannidis, 2020 )
nd some questioned whether drastic measures that led to economic
osses, adverse mental health outcomes and infringement on personal
iberties were proportional to disease severity ( Bowcott, 2020 ). In some
urisdictions, health services, such as elective surgeries, were deferred
o prepare the health system to manage potential surges in hospital-
zations and intensive care unit (ICU) admissions (CIHI, 2020). Fear of
oronavirus disease 2019 (COVID-19) deterred some patients from ac-
essing vital medical services. For example, more than 40% of American
∗ Corresponding author. Address: Department of Medicine, Faculty of Medicine and
203. 

E-mail address: jbakal@ualberta.ca (J.A. Bakal) . 
† Sanjay Beesoon and Jeffrey A. Bakal contributed equally to this manuscript. 

ttps://doi.org/10.1016/j.ijregi.2022.08.011 
eceived 7 June 2022; Received in revised form 25 August 2022; Accepted 25 Augus
772-7076/© 2022 The Author(s). Published by Elsevier Ltd on behalf of Internation
Y-NC-ND license ( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
dults chose not to access medical care due to concerns about the risk of
ontracting COVID-19 in healthcare settings ( Czeisler et al., 2020 ). The
ame effect has been found in the Canadian health system, including
lberta, where overall emergency department visits decreased by 35%
incidence rate ratio (IRR) 0.65, P < 0.001), and surgical and medical ad-
issions through emergency departments decreased by 18% (IRR 0.82,
 < 0.001) and 14% (IRR 0.86, P < 0.001), respectively ( Rennert-May et
l., 2021 ). 

Although policy makers are subjected to a daily onslaught of mas-
ive amounts of data and advice from scientists, modellers, economists,
isaster management professionals and legal experts, public health de-
ision making usually relies on case numbers, test positivity rates, clin-
cal severity of disease, hospital admissions, ICU admissions and case
atality rates. Comparing absolute numbers of deaths or mortality rates
cross different jurisdictions can be problematic as the numbers can be
iased due to differences in case definitions, SARS-CoV-2 testing crite-
ia, and reporting of deaths as being ‘due’ to COVID-19 as opposed to
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with’ COVID-19. To assess the real impact of the COVID-19 pandemic,
ll-cause mortality, which compares mortality over a given period with
he historical baseline, is emerging as a reliable, objective and gold stan-
ard metric ( Simonsen and Viboud, 2021 ; Weinberger et al., 2021 ; Lee
t al., 2022 ; McGrail, 2022). With the exception of a few countries,
uch as Australia, Singapore, Iceland and Norway, excess mortality was
ocumented in most jurisdictions impacted by the COVID-19 pandemic
 COVID-19 Excess Mortality Collaborators, 2022 ). Although it was ini-
ially unclear whether the excess mortality rate was solely attributable
o COVID-19, recent reports are confirming major mortality impacts dur-
ng the pandemic. For example, based on US data collected from August
014 to April 2021, Lee et al. (2022) reported higher excess mortality
or diabetes, heart disease, Alzheimer’s disease, cerebrovascular disease,
ccidents and injuries, drug overdoses, and assaults and homicides dur-
ng the pandemic. Likewise, DiGennaro et al. (2021) found significant
xcess drug overdose mortality during the pandemic. In Canada, deaths
ue to opioid poisoning increased significantly during the pandemic.
ncreased toxicity of non-pharmaceutical drugs in Alberta, particularly
entanyl, contributed to the increased number of accidental drug poi-
oning deaths in 2021 ( Public Health Agency of Canada, 2022 ). 

This study aimed to confirm whether the COVID-19 pandemic was
ccompanied by excess all-cause mortality in Alberta, Canada, to de-
ermine which age groups were most impacted, and to tease out subtle
actors driving the mortality trends. 

ethods 

Mortality data were obtained from the Alberta Vital Statistics
atabase, accessed through Alberta Health Services, Data and Analytics.
he Vital Statistics database tracks all births and deaths in the province
f Alberta, and is maintained by Service Alberta. Population estimates
ere obtained from the Alberta Population Health Statistics database,
hich contains estimates for the population of Alberta stratified by var-

ous attributes including sex, age and postal code, and is derived from
he Provincial Registry which tracks registration with the Alberta Health
are Insurance Plan. Deaths related to COVID-19 were obtained from
he Communicable Disease Outbreak Management system, which is used
or contact tracing and follow-up of people with confirmed COVID-19.
eaths were considered to be related to COVID-19 if the cause of death
as recorded as being ‘from the disease’ or the disease ‘contributed to

he death (secondary cause)’. In addition, publicly available data from
lberta’s substance use surveillance system ( Alberta Health-A, 2022 )
ere used to look at the number of deaths associated with substance
buse by age and sex in the same time frame. 

All-cause deaths were summarized weekly between 2015 and 2021,
nd stratified by pre-specified 10-year age groups. Weekly data were
sed to estimate excess mortality using an overdispersed Poisson model,
here expected mortality was based on the pre-pandemic period (Jan-
ary 2015–February 2020). Total cumulative excess mortality between
arch 2020 and December 2021 was estimated, as well as the propor-

ion of the increase relative to expected mortality, overall and for each
ge group. All statistical analyses were conducted using SAS Version
.4 (Cary, NC, USA) and R Version 4.1.2 (Vienna, Austria), including
he excessmort package for estimation of excess mortality ( Acosta and
rizarry, 2022 ). 

esults 

The province of Alberta has a population of approximately 4.4 mil-
ion people, and an observed COVID-19 case rate of 8411 per 100,000
eople in Alberta from 15 March 2020 to 31 December 2021 ( Alberta
ealth-B, 2022 ). As can be seen in Figure 1 , significant excess deaths
ere observed compared with expected deaths for the 22-month period

rom March 2020 to December 2021. In Alberta, the first COVID-19-
ssociated fatality was reported in early March 2020. From March 2020
o December 2021, the estimated total excess deaths was 5833 [95%
63 
onfidence interval (CI) 5373–6293], which equates to an average of
pproximately 265 excess deaths per month. The highest excess mor-
ality relative to the expected death rate occurred in late 2020 and late
021, with maximum weekly increases of 33.1% (95% CI 27.4–28.8%)
or the week ending 24 September 2021 and 30.4% (95% CI 25.6–
5.3%) for the week ending 25 December 2020 ( Figure 2 ). There were
nly three periods where a significant increase in excess mortality was
ot observed: (i) prior to the week ending 20 March 2020; (ii) between
he weeks ending 8 May 2020 and 10 July 2020; and (iii) between the
eeks ending 12 February 2021 and 9 April 2021 ( Figure 2 ). COVID-19-

elated deaths ( n = 3202) accounted for 5.7% of all deaths since March
020 ( n = 56,010), but 54.9% of the total excess deaths ( n = 5833) that
ccurred over the 22-month period. There was strong correlation be-
ween the weekly estimated excess deaths and COVID-19-related deaths
Pearson correlation, r = 0.75). 

The analysis of weekly data stratified by age group suggests that
here was no significant excess mortality in the 0–9-years age group
nd generally very little excess mortality in the younger age groups.
he older age groups followed the pattern observed in the overall pop-
lation, with peaks in late 2020 and late 2021; however, the 30–39-
ears age group showed steadily increasing excess mortality throughout
he pandemic ( Figure 3 ). Alberta data show that most COVID-19 deaths
ere in the older age groups, notably in those aged > 80 years. 

Based on Alberta substance use surveillance system data ( Alberta
ealth-A, 2022 ), there was an increase in the number of deaths associ-
ted with non-pharmaceutical drug poisoning. The surveillance group
ound that totals of 1379 and 1818 deaths in 2020 and 2021, respec-
ively, were attributed to drug poisoning related to any substance (opi-
ids, methamphetamines, cocaine, alcohol, benzodiazepines or other).
hese numbers correspond to an excess of 534 and 946 drug poisoning
eaths in 2020 and 2021, respectively, compared with the mean of 825
rug poisoning deaths in each of the four preceding years. The 1480 ex-
ess drug poisoning deaths account for 59% of the 2514 non-COVID-19
mputed excess deaths and 25.4% of the total all-cause excess deaths
etween March 2020 and December 2021, and occurred primarily in
hose aged 25–60 years. Of the 1545 non-pharmaceutical opioid drug
oisoning deaths in 2021, the highest proportion of deaths occurred in
oung men aged 25–44 years (41.4%, n = 639) ( Alberta Health-A, 2022 ).
verall, 80.3% of all-cause excess mortality can be accounted for by
OVID-19-related deaths (54.9%) and drug poisoning deaths (25.4%)
 Figure 4 ). The remaining 19.7% of excess deaths are likely due to a
onstellation of factors including, but not limited to, delay in accessing
rgent and critical medical care, suboptimal chronic disease follow-up,
nd potential adverse outcomes associated with delay in some surgeries.

iscussion 

Despite both the death rate (75/100,000) and the overall case fatal-
ty rate (0.8%) being lower in Alberta than in more heavily populated
anadian provinces such as Ontario and Quebec, all-cause excess mor-
ality was higher in Alberta (McGrail, 2022). The present study con-
rmed that the COVID-19 pandemic was associated with excess mor-
ality in Alberta, and permits deeper exploration of possible reasons.
mportantly, nearly half of the excess deaths in the study period did
ot appear to be COVID-19-related. Given the robust infectious disease
urveillance infrastructure in Alberta, it is unlikely that the 43.1% of
xcess deaths attributed to non-COVID-19 causes were exclusively due
o under-reporting, although it is possible that some COVID-19 deaths
ay have been attributed to other underlying co-morbidities. 

In recent months, several papers have been published documenting
otential associations between non-COVID-19 imputed excess mortality
nd diabetes, Alzheimer’s disease, cerebrovascular disease ( Glei, 2022 )
nd heart disease ( Brant et al., 2020 ), which are possibly due to avoid-
nce or inaccessibility of health care ( Czeisler et al., 2020 ). Furthermore,
ecent data have shown an increase in homicides ( Kegler et al., 2022 ),
uicides ( Kaggwa et al., 2022 ; Orellana and de Souza, 2022 ; Rogalska
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Figure 1. Cumulative number of coronavirus- 
disease-2019-related deaths and total excess 
deaths from March 2020 to December 2021. 

Figure 2. Excess mortality across all ages from 

March 2020 to December 2021. 

a  

2  

B  

a  

S  

d  

M  

p  

F  

r  

n  

2  

i  

t  

7  

H
 

d  

y  

I  

1  

a  

b  

C  

t  

a  
nd Syrkiewicz- Ś wita ł a, 2022 ) and drug poisoning deaths ( Faust et al.,
021 ; Mason et al., 2021 ; Hawkins and Phan, 2022 ; Schleihauf and
owes, 2022 ) in other jurisdictions during the pandemic. Alberta has
 robust surveillance system for drug poisoning deaths ( Alberta Health
ervices-A, 2022 ), which was used to verify an increase in the number of
rug poisoning deaths from March 2020 to December 2021 ( Figure 4 ).
uch of this increase can be attributed to increased toxicity of the non-

harmaceutical drug supply, especially in the last 6 months of 2021.
or example, the Supervised Consumption Service in Calgary, Alberta
eported that the average number of daily client visits decreased sig-
ificantly as public health measures affected site capacity. In December
019, there were an average of 210.9 visits per day, compared with 100
n December 2021. The proportion of overdoses per number of times
64 
hat drugs were consumed increased from 1.22% in December 2019 to
.95% in 2021, reflecting this increased drug supply toxicity ( Alberta
ealth Services-B, 2022 ) 

There are limitations to what can be surmised from the available
ata. The overall mortality rates are highly accurate, but monthly and
early fluctuations can impact any precise estimates of excess deaths.
mportantly, discerning between deaths attributable to acute COVID-
9 infection and non-COVID-19-related deaths requires that testing is
vailable, broadly applied and accurately reported. This example can
e seen clearly in Eastern Europe and Latin America in the first wave of
OVID-19, where high rates of excess mortality were observed prior to
he widespread availability of testing ( Ritchie et al., 2020 ), resulting in
 large gap between COVID-19-attributable deaths and the overall in-
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Figure 3. Excess mortality by 10-year age 
groups. 
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Figure 4. Drug poisoning deaths by age group 
and sex from 2016 to 2021. 
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reased number of deaths observed compared with the number of deaths
xpected. Access to testing was readily available at no cost and with min-
mal eligibility restrictions to the individual as part of Alberta’s publicly
unded healthcare system. With a testing rate of 111,059 per 100,000
opulation, Alberta had one of the highest per-capita testing rates in
he country ( Public Health Agency of Canada, 2021 ). However, there
ay well have been differences in testing rates across age/sex strata

 Sundaram et al., 2021 ). Implementation of public health measures to
ontrol the spread of COVID-19 may reduce mortality rates below ex-
ected levels (and underestimate excess mortality) through reductions
f other communicable diseases (e.g. influenza), work-related accidents
nd road traffic fatalities, or may increase mortality, for example, due to
ubstance use and mental-health-related deaths ( Moriarty et al., 2021 ).
 deeper exploration of cause of death and contributing factors would
elp to clarify how these factors may contribute to changes in observed
ortality. Although standardized definitions were applied throughout,

ome misclassification of either COVID-19 or non-COVID-19 deaths is
till possible. It is unlikely that COVID-related deaths were missed prior
o the first recognized case in the province on 5 March 2020 ( Kanji et
l., 2021 ). 

onclusion 

This cross-sectional study confirmed earlier findings in other juris-
ictions that the COVID-19 pandemic led to substantial excess mortality,
nd highlights the differences in effect across age groups. Relative death
ates were disproportionately higher among young Albertans between
0 and 59 years of age, which was not linked directly to confirmed
OVID-19. Analysis of official acute drug poisoning death data during
he pandemic strongly suggests that the latter made a substantial contri-
ution to total non-COVID-19 deaths during the study period. It is im-
ortant to understand the contributions and inter-relations of medical,
ocial and economic factors to explain the high number of non-COVID-
9-related excess deaths in order to make policy decisions during future
andemics. This work highlights the importance of looking beyond case
ounts and case fatality rates in understanding the effects of a pandemic
n society. 
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