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oncern about imbalances between the demand and

the supply of vaccinations for severe acute respira-

tory syndrome coronavirus 2 (SARS-CoV-2) have been
raised, given worldwide demand, centralized manufacturing
and limitations in the infrastructure for vaccine delivery and
administration in Canada. The optimal strategy for vaccina-
tion allocation to maximize public health benefit in Canada is
unclear. The first phase of Canada’s vaccine rollout focused
on those at the highest risk for being infected with or trans-
mitting SARS-CoV-2, including long-term care residents and
staff, older adults, adults in Indigenous communities and
front-line health care workers.! However, debate continues
about whether subsequent vaccinations (stages 2 and 3 in
the National Advisory Committee on Immunization [NACI]
schema)? should be prioritized solely on the basis of age (as
age is the strongest risk factor for poor outcomes from coro-
navirus disease 2019 [COVID-19]), or whether a more complex
rollout targeting those with other high-risk features
(e.g., medical or exposure-related risk factors) may be prefer-
able.? Vaccine prioritization questions are also related to the
debate on whether to delay second doses so that as many
people as possible receive at least 1 dose.>* Substantial vari-
ability exists between the provinces and territories regarding
current approaches to vaccination, with differing definitions
of who qualifies as medically, geographically or occupation-
ally “high risk.”

To optimize vaccination strategies, we must first delineate
what proportion of adults in Canada are at higher risk for
severe outcomes if infected with SARS-CoV-2. A recent evalua-
tion of data from the National Health and Nutrition Examina-
tion Survey (NHANES) reported that three-quarters of adults in
the United States had 1 or more risk factors for severe COVID-19,
as defined by the US Centers for Disease Control and Preven-
tion (CDC).®* We analyze the burden of risk factors in the Can-
adian population to complement analyses of provincial admin-
istrative data sets to better inform ongoing SARS-CoV-2
vaccination prioritization in Canada.

KEY POINTS

e Debate continues about how best to prioritize vaccinations for
SARS-CoV-2 once the most vulnerable older adults have been
vaccinated.

e Although age is the most important risk factor for severe COVID-
19, three-quarters of adults in Canada have at least 1 other risk
factor for severe illness, and one-third have 2 or more risk
factors, based on analysis of national survey data.

® Amore nuanced approach to vaccine prioritization that takes
into account the prevalence and weight of risk factors, as well as
geographic and occupational risk exposures is needed.

e Continued adherence to public health advice for universal
masking, physical distancing and frequent hand washing will be
necessary as vaccination programs proceed, given the high
prevalence of risk factors in the Canadian population.

e Policies that allow a prolonged interval between first and
second vaccine doses as a means of maximizing the number of
people who will receive at least 1 dose of vaccine as quickly as
possible also make sense, given a high burden of risk factors, as
long as first-dose protection data remain favourable.

How common are risk factors for severe
COVID-19 infection among community-
dwelling adults in Canada?

Although each Canadian province and territory can evaluate
their administrative health data to identify the proportion of
their population at risk for severe COVID-19, there are limita-
tions to using such data to estimate disease frequencies, as they
often underestimate the burden of chronic diseases that are
predominantly managed in outpatient settings.”® Moreover,
some risk factors for severe COVID-19 (e.g., smoking, obesity,
ethnicity)®** are not captured at all. Therefore, we estimated the
prevalence of risk factors for severe COVID-19 in community-
dwelling adults in Canada from 2 population-based surveys, the
Canadian Community Health Survey (CCHS)* 2019 and the
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Canadian Health Measures Survey (CHMS)* 2016-2019. We
defined risk factors for severe COVID-19 using the QCOVID living
risk prediction algorithm, derived from 8.2 million adults in Eng-
land.’® The QCOVID algorithm includes all of the risk factors for
more severe COVID-19 that were identified by the CDC® and in a
rapid review!! conducted for the NACI. Although the QCOVID cal-
culator provides specific estimates of absolute risk for severe
COVID-19 in individual patients based on their characteristics,
the supporting study® also provided sex-specific adjusted hazard
ratios (HRs) for death or hospitalization with each risk factor
(Table 1).

We used data from the CCHS and CHMS because they are
population-based health surveys conducted by Statistics Can-
ada in all jurisdictions, and are representative of 97% of the
country’s population.’>® Although these surveys exclude people
who are institutionalized, those living on reserves or in remote
regions and full-time members of the Canadian Forces, these
groups have already been addressed in current provincial and
territorial vaccination plans. After excluding 462 pregnant peo-
ple (to avoid erroneously including pregnancy-related condi-
tions as risk factors), we analyzed data from 60742 adult
respondents of the CCHS 2019 and from 6662 adult respondents

Table 1 (part 1 of 2): Weighted prevalence of risk factors for severe COVID-19 among adult respondents of the Canadian

Community Health Survey 2019 in provincial Canada, by sex and age group

Adjusted HR (95%
Cl) for severe

18-49 yr 50-59 yr 60-69 yr 70 yr or older Overall COVID-19*
Male, Female, Male, Female, Male, Female, Male, Female, Male, Female,
% (95% %(95% % (95% % (95% = % (95% = % (95%  %(95% % (95% % (95% % (95% Male Female
Risk factor cl) () () cl) () cl) cl) cl) cl) cI)
Household 19.4 23.1 15.1 14.9 15.6 20.2 20.1 29.4 18.2 22.2 15 15
income (18.1- (21.8- (13.2- (13.2- (14.1- (18.4- (18.6- (27.7- (17.3- (21.4- (1.4- (1.4-
(lowest 20.7) 24.4) 17.3) 16.8) 17.2) 22.1) 21.8) 31.1) 19) 23.1) 1.6)9 1.6)9
quintile)t
Smoker (daily 20.7 13.7 21.0 17.0 17.1 14.4 7.6 58 18.5 13.2 2.2
or occasional) (19.6- (12.8- (19.1- (15.4- (15.6- (13.0- (6.7-8.6) (5.3-6.7) (17.7- (12.5- (1.5-3.1) if 30 pack
22.0) 14.6) 23.2) 18.7) 18.8) 15.9) 19.3) 13.8) years or more (no
sex breakdown)
Diabetes 2.9 1.7 11.7 6.4 18.1 12.0 24.8 16.5 9.7 6.5 2.7 2.7
mellitus (2.4-3.5) (1.3-2.1) (10.0- (5.3-7.7) (16.4- (10.7- (23.1- (15.1- (9.2- (6.0-6.9) (2.4- (2.4-3.2)
13.7) 19.9) 13.5) 26.5) 18.0) 10.3) 3.0)
Obesity
BMI =30 19.4 18.6 27.8 229 259 24.2 18.7 18.1 21.7 20.2 1.8
(18.3- (17.5- (25.5- (20.8- (23.7- (22.3- (17.3- (16.8- (20.9- (19.4- (1.4-2.4)** (no sex
20.5) 19.8) 30.1) 25.2) 27.5) 26.1) 20.3) 19.5) 22.6) 21.0) breakdown)
BMI 30 to 17.3 15.6 25.9 20.1 24.1 215 17.9 15.9 19.9 17.4 1.8
39.9 (16.2- (14.5- (23.7- (18.1- (22.3- (19.7- (16.5- (14.7- (19.2- (16.6— (1.5-2.2)1t (no sex
18.4) 16.6) 28.1) 22.3) 26.1) 23.4) 19.4) 17.3) 20.7) 18.1) breakdown)
BMI = 40 2.1 3.1 1.9 2.8 14 2.7 0.8 2.1 1.8 2.8 2.5
(1.7-2.6)  (2.6-3.7) (1.3- (2.2-36)  (1.0-1.9)  (2.0-3.5) (0.6-1.2) (1.7-2.7) (1.5-2.1)  (2.5-3.2) (1.8-3.4)11 (no sex
2.7) breakdown)
Heart disease 0.8 0.7 5.6 2.6 11.7 53 20.6 13.6 6.0 3.8 1.2 13
(0.6-1.1)  (0.5-1.0) (4.5- (2.0-3.3) (10.3- (4.5-6.3) (19.1- (12.5- (5.6-6.4)  (3.5-4.1) (1.1- (1.2-1.4)
6.9) 13.3) 22.2) 14.7) 1.3)
COPD?t 1.5 1.0 2.8 3.1 5.8 5.9 7.8 8.0 3.9 4.1 13 13
(1.0-2.3) (0.7-1.4) (2.2- (2.5-3.8)  (47-7.1) (5.1-6.9) (6.9-8.7) (7.2-8.8)  (3.5-4.4)  (3.8-4.4) (1.2- (1.2-1.4)
3.6) 1.4)
Asthma 6.6 9.4 6.2 8.4 5.7 10.0 5.9 8.0 6.3 9.1 1.1 1.0
(5.9-7.4) (8.6— (5.2- (7.2-9.8) (4.9-6.7) (8.8- (5.1-6.8) (7.1-8.9) (5.8-6.8) (8.6-9.6) (1.0- (1.0-1.1)
10.2) 7.5) 11.3) 1.1)
Stroke 0.2 0.3 1.5 0.7 2.6 19 5.3 4.2 1.5 13 1.3 1.4
(0.1-0.3) (0.2-0.5) (0.9- (0.4-1.1) (2.0-3.3) (1.4-2.6) (4.6-6.2) (3.5-5.0) (1.3-1.7) (1.1-1.4) (1.2- (1.3-1.5)
2.4) 1.4)
Hypertension 7.3 5.4 28.0 21.0 44.0 35.1 56.4 58.2 23.1 21.1 2.1
(6.5-8.1) (4.8-6.1) (25.7- (18.9- (41.9- (33.1- (54.4- (56.4- (22.4- (20.4- (1.7-2.5)1F (no sex
30.4) 23.2) 46.1) 37.1) 58.4) 59.9) 23.8) 21.8) breakdown)
Cancer (any 0.3 0.3 1.1 1.4 3.7 2.5 1.7 3.9 1.9 1.4 14 1.6
type active) (0.2-0.5)  (0.2-0.5) (0.8- (1.0-2.1)  (2.8-47)  (2.0-3.3) (6.7-8.7)  (3.3-45)  (1.7-2.2)  (1.3-1.6) (1.1- (1.2-1.9)
1.5) 1.7)
Dementia§ F F F F 0.8 0.6 2.9 33 0.9 1.0 2.7 2.3
(0.4-16)  (0.3-1.1)  (2.3-3.7) (2.6-4.2) (0.7-1.2)  (0.8-1.2) (2.5- (2.1-2.5)
2.9)
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Table 1 (part 2 of 2): Weighted prevalence of risk factors for severe COVID-19 among adult respondents of the Canadian

Community Health Survey 2019 in provincial Canada, by sex and age group

Adjusted HR (95%

Cl) for severe
18-49yr 50-59 yr 60-69 yr 70 yr or older Overall COVID-19*
Male, Female, Male, Female, Male, Female, Male, Female, Male, Female,
% (95% % (95% % (95% % (95% % (95% % (95% % (95% % (95% % (95% % (95% Male Female
Risk factor () () () cl) () cl) cl) cl) cl) cl)
Ethnicity
White 65.4 63.7 77.1 77.0 83.1 85.0 85.8 87.8 72.9 73.2 1.0 1.0
(63.8- (62.2- (74.7- (74.6- (81.0- (83.3- (84.3- (86.3- (71.8- (72.2- (1.0- (1.0-1.0)
67.0) 65.2) 79.3) 79.1) 85.1) 86.6) 87.2) 89.1) 73.9) 74.1) 1.0)
South Asian 7.2 6.7 4.7 3.6 3.5 14 3.9 1.5 5.7 4.5 2.0 1.9
(6.3-8.1) (5.9-7.7) (3.4- (25-5.3)  (24-5.0)  (0.9-2.1)  (2.9-5.2)  (1.0-2.1)  (5.1-6.4)  (4.0-5.1) (1.8- (1.6-2.2)
6.4) 2.3)
Other Asian 10.2 11.8 7.3 7.5 6.0 5.5 4.2 4.6 8.3 9.0 2.2 2.0
(9.2-11.3) (10.8- (6.0- (6.1-9.3)  (4.9-75)  (46-6.7) (3.5-5.1) (3.7-5.8)  (7.6-9.0)  (8.3-9.7) (1.8- (1.6-2.5)
13) 9.0) 2.6)
Black 3.8 43 2.7 1.9 1.0 1.8 0.9 1.8 2.8 3.1 2.6 2.3
(3.1-4.6) (3.7-5.0) (1.8- (1.3-2.9) (0.7-1.6) (1.2-2.6) (0.6-1.3) (1.3-2.6) (2.4-3.3) (2.7-3.5) (2.3- (2.0-2.6)
3.9) 3.0)
Indigenous 4.0 4.0 33 4.1 31 2.7 1.6 14 3.4 3.4 2.4
identity (3.6-4.6) (3.6-4.5) (2.7- (3.3-5.0) (2.3-4.1) (2.2-3.3) (1.3-2.1) (1.2-1.7) (3.1-3.8) (3.1-3.7) (2.2-2.7) no sex
4.1) breakdown
Other 9.4 9.4 5.0 5.9 3.2 3.7 3.6 2.9 6.9 6.8 2.1 1.9
(8.4-10.4) (8.5- (3.9- (4.6-7.5)  (2.5-4.2)  (2.8-4.9) (2.9-4.5) (2.1-3.9) (6.3-7.5) (6.3-7.4) (1.8- (1.6-2.2)
10.4) 6.3) 2.4)

Note: BMI = body mass index, Cl = confidence interval, COPD = chronic obstructive pulmonary disease, COVID-19 = coronavirus disease 2019, F = estimate suppressed because of

insufficient sample size, HR = hazard ratio.

*Adjusted HR for severe COVID-19 (death or hospitalization) largely derived from the supplementary figures in the QCOVID report (note that in QCOVID, heart disease = coronary
disease, atrial fibrillation, or heart failure; cancer = blood cancer or respiratory tract cancer; and we report the adjusted HR for type 2 DM).° Relative risk for death or hospitalization in
Indigenous versus non-Indigenous people in Alberta from personal communication (Ting Wang, Alberta SPOR Support Unit Data Platform, April 5, 2021).

THousehold income, lowest quintile is based on the the adjusted ratio of total household income to the low income cut-off corresponding to household and community size.

tAsked of persons aged 35 or older.
§Asked of persons aged 41 or older.

YSocioeconomic status in QCOVID reported as increased risk per 5 unit increment in the Townsend material deprivation score.

**Systematic review of 22 studies.*?
ttFrom New York cohort.**
11Systematic review of 23 studies.*

of the CHMS 2016-2019 (see Appendix 1, available at www.cmaj.
ca/lookup/doi/10.1503/cmaj.210529/tab-related-content, for
detailed methods).

A full list of the relevant risk factors included in the CCHS is pro-
vided in Table 1. Across provinces, the most common risk factors
were hypertension (23.1% of men and 21.1% of women) and obes-
ity (21.7% of men and 20.2% of women). About 27% of men and
women were racialized, and 3.4% self-identified as First Nations,
Métis or Inuit. Chronic liver and renal disease (with adjusted HR in
the QCOVID analysis ranging from 1.2 to 6.7, depending on severity)
are not assessed in the CCHS, but less than 3% of CHMS respond-
ents reported having either condition. As it is not possible to link
data from the CCHS and CHMS, we could not determine how many
of these people also had the CCHS comorbidities of interest.

Thus, among community-dwelling people in Canada, 74.0% of
men and 70.9% of women reported having at least 1 risk factor for
severe COVID-19, and 39.3% and 36.3%, respectively, had at least
2 risk factors (Table 1 and Appendix 2, available at www.cmaj.ca/
lookup/doi/10.1503/cmaj.210529/tab-related-content). Although
the proportion of Canadians with risk factors (particularly multi-
ple risk factors) increased across the age strata, it is important to

note that even among adults aged 18-49 years, 70.9% of men and
67.9% of women had at least 1 risk factor and 31% had at least 2
risk factors for severe COVID-19.

The frequencies of all risk factors were more common in men
than women, except chronic obstructive pulmonary disease,
asthma and low income status (Table 1). Although the focus of
our analysis is on estimates for Canada as a whole, a more
detailed provincial breakdown based on the CCHS 2017/18 is
available directly from Statistics Canada.”

What are the limitations of using the CCHS and
CHMS to evaluate risk factors for COVID-19?

Although the CCHS and CHMS are nationally representative,
population-based health surveys, there are some limitations to
using them to estimate risk factors for severe COVID-19. For exam-
ple, the risk factor frequencies we report are conservative, self-
reported underestimates that miss undiagnosed chronic illnesses.
We were also unable to report data for some rare but important
risk factors for severe COVID-19 that were not included in either
survey, such as Down syndrome (adjusted HR for severe COVID-19
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in the QCOVID study 9.6 in men and 7.5 in women), sickle cell dis-
ease (adjusted HR 4.5 in men and 6.8 in women), neuromuscular
diseases (adjusted HR 3.0 in men and 2.4 in women), recent bone
marrow or stem cell transplants (adjusted HR 1.7 in men and 1.6 in
women) or current chemotherapy (adjusted HR ranging from 1.7-
4.3in men and 2.1-15.0 in women, depending on regimen).®

Although several studies®!! have suggested that racialized
minorities are at higher risk for severe COVID-19 illness, interpre-
tation of whether or not that increased risk is because of bio-
logical factors is confounded by their interplay with the social
determinants of health. As neither the CCHS or CHMS included
people living on reserves, and estimates for the territories were
not available for a single year of the CCHS, our data underesti-
mate people of First Nations, Métis and Inuit identity. Moreover,
neither survey collected information on working conditions (for
example, whether people were essential workers or worked in
close contact environments). Finally, both surveys excluded peo-
ple experiencing homelessness and those in long-term care facil-
ities or prisons; living in these situations is also a risk factor for
severe COVID-19,' but these groups have already been priori-
tized in the NACI vaccine guidance.

How should Canada’s rollout of SARS-CoV-2
vaccinations proceed?

Given that population-based data show that nearly three-
quarters of Canadian adults have at least 1 risk factor for severe
COVID-19 and more than one-third have 2 or more risk factors
(mirroring the analysis of US NHANES data),® a vaccination strat-
egy cannot be based solely on age and the presence of a medical
risk factor. If a risk-based strategic rollout is preferred because of
external limits to speed, policy-makers may need to weigh the
strength of each risk factor (from international risk studies such
as QCOVID)** with local prevalence data on risk factors (which
will differ according to demographics and socioeconomic fac-
tors) and exposure risks (such as occupational or geographic
transmission rates). Our analysis provides complementary infor-
mation to administrative health data for policy-makers trying to
weigh options for strategic vaccine allocation.

Internationally, the exemplar for a rapid, simple program is
Israel (with 115 doses/100 persons administered as of Mar. 30,
2021) and the exemplar for a more complex risk-based rollout is
the United Kingdom (with 51 doses/100 population).? As of
Mar. 30, 2021, 61% of people in Israel had received their first vac-
cine dose and 55% had been completely vaccinated; 45% of peo-
ple in the UK had received their first vaccine dose and 6% had
been completely vaccinated.’ The mass vaccination campaign in
Israel initially targeted people older than 60 years, then
expanded to all adults. In contrast, in the UK, ongoing rollout is
by risk strata (identified by QCOVID scoring and age bands). In
Canada, the current approach varies widely, from mass vaccina-
tion of adults by community without risk factor stratification in
the territories, to more complex matrices of prioritization, vari-
ably including work setting, chronic medical conditions (with dif-
fering definitions and methods of operationalization across prov-
inces) and neighbourhood or community transmission risk.

Our analysis, showing that most Canadians have 1 or more risk
factors for severe COVID-19, supports arguments to prolong the
interval between the first and second vaccine doses to withhold
fewer doses and thereby maximize the number of people who will
receive at least 1 dose of vaccine as quickly as possible, as long as
evidence continues to support high rates of first-dose protection.*
A recently published decision analysis in the US suggested that
23%-32% of COVID-19 cases could be averted using a single dose
rollout strategy, rather than conserving 50% of the vaccine supply
for a second dose in 3-4 weeks.?’ Another modelling study con-
firmed this assumption held even if the efficacy of a single dose
was as low as 55%.% Encouragingly, preliminary data suggest that
real-world effectiveness of a single vaccine dose may be in the
order of 80%.22%° Emerging evidence? also suggests that, for most
people, immunogenicity after a first vaccine dose is sufficient to
justify longer intervals before the second dose. The emergence of
variants of concern driving a third wave of the pandemic also
argues for offering rapid first-dose protection across the popula-
tion, with ongoing monitoring of first-dose effectiveness.* Thus,
the UK instituted a delayed second dose approach on Dec. 30,
2020, and NACI followed suit on Mar. 1, 2021; the CDC began per-
mitting a delay of up to 6 weeks for second doses of mRNA vac-
cines on Jan. 21, 2021. One caveat to this approach is that data
around the durability of first-dose protection are lacking for some
subgroups, such as older adults, people who are immunocompro-
mised or patients with cancer,?” given concerns that prolonged
viral replication in immunocompromised hosts may promote the
emergence of more SARS-CoV-2 variants.?®

Our analysis not only informs Canadians wondering how many
others are in the same risk stratum as they, but also serves to empha-
size the importance of continuing to follow public health advice such
as universal masking, physical distancing and frequent hand washing
as vaccination programs proceed, given that most adults in Canada
have at least 1 risk factor for severe COVID-19.

Conclusion

Optimized SARS-CoV-2 vaccine rollout is crucial to avoiding
unnecessary morbidity and death from COVID-19, and current plans
are under tremendous scrutiny. Both internationally and in Canada,
judgments are being made to balance potential rollout speed with
the complexity and potential challenges of operationalizing a risk-
based strategy. Our analysis of national, population-based survey
data suggests that using risk factors for severe COVID-19 in a stra-
tegic vaccination strategy may not offer much refinement because
of how widespread these conditions are. More detailed weighting of
medical, geographic and occupational risks might be required if vac-
cination is constrained. In particular, since the third wave of the
COVID-19 pandemic appears to be disproportionately affecting
essential workers in economically disadvantaged neighbourhoods,
weighting of such risks may be necessary for equity goals to be
met.? Vaccine prioritization is a question of ethics, as well as sci-
ence. As such, we suggest that transparency in decision-making is
important, especially where decisions vary across jurisdictions, to
confirm that the rationale for decisions is driven by data and con-
cordant with the shared values of local populations.
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