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Risk Profiles based on COVID-19 Mortality Risk Factors in Long-term Care Settings:  
Evidence from Canada, United States and New Zealand 

Abstract 
Objectives: To apply WHO and CDC reported risk factors for COVID-19-related mortality to assessment 
in long-term care and to estimate the potential impact of variations in care on COVID-19 deaths.  
 
Design: Population-based cohort study linking Canadian assessment records to 90-day mortality in home 
care, assisted living, nursing homes, and post-acute hospitals. These mortality rates were applied to 
Canadian, US, and New Zealand data to estimate the impact of variations in care. 
 
Setting and participants: Adults in nursing homes and home care in three countries, as well as assisted 
living and post-acute hospitals in Canada between 1998-2019. Mortality estimates were based on a 
sample of 1,653,866 Canadians. Simulation models for potential impact of COVID-19 were based on 
2,438,761 individuals from the US, 134,512 from New Zealand, and 406,216 Canadians. 
 
Measures: interRAI assessment records from 4 care settings were used to estimate 90-day mortality 
based on age, sex, and count of major comorbidities. Pneumonia at baseline was used as a proxy in 
simulation models with 18 age-comorbidity subgroups to examine the impact of COVID-19 on mortality 
with different assumptions of care.  
 
Results: The age-sex adjusted hazard ratios for mortality associated with pneumonia varied by care 
setting and major comorbidity count with maximal hazard ratios between 1.75 (1.36-2.26) and 4.14 
(1.36-12.56) compared with reference groups without major comorbidities and pneumonia. Depending 
on the extent to which exposure to COVID-19 is prevented, spread is minimized, and severity of disease 
is limited, expected death rates could increase by up to 492.1% and 405.2% in nursing homes and home 
care, respectively.  
 
Conclusions/Implications: Assuming that historical mortality rates associated with pneumonia in long-
term care represent a lower-bound estimate, the impact of COVID-19 is expected to be substantial. 
Efforts to reduce its impact by minimizing exposure, containing spread, and insuring continued effective 
chronic disease management are essential. 
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BACKGROUND 

As the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) spreads causing global outbreaks 
of coronavirus disease 2019 (COVID-19), older adults have been the most vulnerable1, 2. Case fatality 
rates in hospital settings increase exponentially with age3-5, with variations partly attributable to 
international differences in testing and to coding causes of death. In addition, early bivariate analyses 
suggest comorbid conditions (e.g., cardiovascular disease, cancer, chronic respiratory disease) were 
associated with higher death rates in COVID-19 patients3-6.  

European and North American experience points to higher mortality rates among frail older populations 
in long-term care settings (e.g., nursing homes, home care). However, little detailed information about 
these settings other than single-site descriptive studies has been published7, 8. A US nursing home with a 
COVID-19 outbreak had a hospitalization rate of 57% and a case fatality rate of 34% 8. More than half of 
residents testing positive were asymptomatic, suggesting a substantial risk of under-detection if relying 
on symptom-based screening9. In a severe outbreak in a Canadian nursing home, 29 (45%) residents 
died in a small, older facility 10. The Chief Public Health Officer of Canada recently indicated that half of 
Canadian COVID-19 deaths involved residents of long-term care homes11, which is similar to the 
European Union12 and some US states13.  New Zealand has had a remarkably low COVID-19 mortality 
rate, but 10 of its 17 deaths occurred in one nursing home.  

As the pandemic expands in long-term care settings, there is little evidence to inform risk management 
strategies. Our analyses provide a description of nursing home and home care populations in three 
nations, using epidemiological reports from World Health Organization6, Centers for Disease Control14,  
to estimate the size of populations at the highest risk and to model the consequences of different 
approaches to managing the pandemic.  

METHODS 

We examined clinical assessment records from Canada, US and New Zealand (NZ) to create risk profiles 
matching those reported in COVID-19 studies. Canadian data confirmed which major underlying 
comorbidities mentioned in elsewhere5, 6, 14 were associated with mortality prior to the pandemic in 
home care, nursing homes, assisted living, and post-acute hospitals. These were then used to estimate 
the size of different at-risk subpopulations in those settings. We also applied these risk profiles to US 
and NZ data to create comparable population estimates in those countries. Finally, we created models 
simulating the impact of different management strategies on mortality. Since there are not yet large 
data holdings available with COVID-19 cases linked to clinical assessment records, we examined the 
influence of non-COVID-19 pneumonia on mortality within age/risk groups using existing data. 
Pneumonia was used as a proxy variable for COVID-19, since it is a common feature in severe cases15.  

Data Sources 

The common source of population-level clinical data for Canada, US and NZ was interRAI assessments 
completed as part of routine practice in community and facility-based long-term care16-23. Although 
these countries use different generations of the nursing home and home care assessments, the 
underlying measures are sufficiently consistent to allow valid and reliable cross-national comparisons18, 

24-34.  

For the mortality analyses, the Canadian data span four types of care settings in Ontario, Nova Scotia, 
Manitoba, Saskatchewan, Alberta, British Columbia, and Yukon Territory: home care clients (n=841,440 
individuals) and assisted living residents (n=98,406 individuals) assessed between 2002-2018; nursing 
home residents assessed between 2005-2017 (n=422,903 individuals); and post-acute hospital patients 
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assessed between 1998-2017 (n=291,117 individuals). Assessments for these 1,653,866 individuals were 
linked to acute hospital and emergency department administrative records by the Canadian Institute for 
Health Information (CIHI) to determine 90-day mortality rates.  

For the simulation models, we used the 2019 Canadian intake assessment records for home care (n= 
232,857) and nursing homes (n=173,979), respectively, to estimate the number of individuals in those 
two settings. 

US and NZ data provided cross-sectional estimates of at-risk populations in home care and nursing 
homes, which were used in our simulation to estimate the impact of practice changes on mortality. US 
home care data were for persons assessed in 2017 in New York, New Jersey, Michigan, Georgia, and 
South Dakota (n=391,910 individuals). The US nursing home data represented the national population of 
long-term care residents in all facilities, assessed in 2016 (n=2,904,576 individuals). NZ data provided a 
national sample of individuals assessed between 2017 and 2019 in home care (n=75,195 individuals) and 
in long-term care facilities (n=59,317 individuals). Two years of NZ data were used for the simulation 
models to ensure adequate cells sizes for smaller subpopulations.   

Outcomes 

The main outcome of interest was mortality within a 90-day follow-up period. COVID-19 deaths occur 
relatively quickly after onset, so longer follow-up periods were not considered. The unadjusted 90-day 
mortality rates vary markedly across care settings as follows: home care - 4.0%; assisted living – 4.0%; 
nursing homes – 8.8%; and post-acute hospitals – 25.3%. Death rates for specific age and co-morbidity 
subgroups could only be calculated for the Canadian sample, so these were applied to the cross-
sectional US and NZ data to simulate expected mortality. Although COVID-19 is associated with 
pneumonia as the disease becomes more severe, we cannot quantify how pneumonia experienced by 
persons in our data compares to that experienced by COVID-19 patients.  

The independent variables used to predict mortality were age, sex, and comorbid medical conditions 
cited as risk factors for COVID-19 mortality by CDC14 and WHO6. Our aim was not to maximize the 
prediction of death in these patients, but rather to quantify mortality rates based on risk factors that a 
plurality of current COVID-19 studies suggest are important.  

Statistical Analyses  

We used cross-tabulations with Chi-square tests to evaluate the impact of age, sex and specific 
diagnoses on 90-day mortality. Time to death within a 90-day window was also examined using survival 
curves with Mantel-Haenszel tests of significance. We then grouped comorbid diagnoses strongly 
related with mortality into six initial groups (cardiac, liver, lung, kidney, cancer, and neurological 
conditions) within which higher rated of death could be expected35. Appendix A provides a more 
detailed description of the construction of this variable. A count of the number of groups with one or 
more related diagnosis was created and was then collapsed into an ordinal variable of zero, one, and 
two or more major comorbid conditions.  

The next step used survival models with time to death to determine the age-sex-adjusted hazard ratios 
of the relationship of this major comorbidity count with the presence of a baseline pneumonia 
diagnosis. Survivors were censored at the 90-day endpoint of follow-up.  

Finally, a simulation model was developed based on the specific 90-day mortality rates with and without 
pneumonia at baseline for each 10-year age group and major comorbidity count.  The model considered 
the impact of five assumptions in nursing homes and home care in the three countries (post-acute 
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hospital and assisted living data were not available for the US and NZ): (1)  rate of COVID-19 in the 
general population, (2) percentage of cases progressing to severe pneumonia, (3) percentage of home 
care clients becoming COVID-19 positive as a proportion of the general population rate, (4) percentage 
of nursing homes with a COVID-19 outbreak, and (5) rate of spread of COVID-19 within homes that have 
an outbreak.  The latter four conditions all can be considered as indicators of the effectiveness of the 
health system in managing the COVID-19 pandemic. 

 

RESULTS 

Table 1 shows the age, sex and comorbidity counts for all study samples. The majority of individuals in 
all settings were above the age-based high-risk threshold (80+) for COVID-19 mortality reported by 
WHO6. The sex distributions were comparable between all settings, with the majority of individuals 
being female. The percentage of individuals with at least one major comorbidity ranged from 69.8% 
(home care) to 88.9% (nursing homes). In home care, 5.3% had three or more major comorbidities, but 
that almost tripled in post-acute hospitals (14.0%).   

Considering the cross-national distributions of mortality risk factors, NZ served a somewhat older 
population than Canada and the US in home care and nursing homes, whereas the US tended to have 
the youngest overall sample. The sex distributions were similar for Canada and NZ, whereas the US had 
a somewhat higher percentage of males in nursing homes. The comorbidity count was similar in 
Canadian and US samples, but NZ had a notably lower percentage of individuals with three or more 
comorbidities in nursing home settings.  

Table 2 shows the age-sex adjusted hazard ratios for the comorbidity count from survival models for 90-
day mortality by sector in Canada. Pneumonia at baseline is used as a “stand-in” variable for COVID-19, 
although one might expect the impact of COVID-19 to be more pronounced when it progresses to 
pneumonia. In almost all cases and all settings, the hazard ratio increased with higher comorbidity 
counts. The hazard ratios for 90-day mortality also increased with pneumonia across all settings, and the 
interaction term between pneumonia and comorbidity count was significant in each care setting.  

Figure 1 shows the 90-day mortality rates in Canadian home care and nursing home settings in the 
general population and among those with pneumonia present at baseline. For almost all age-
comorbidity combinations, pneumonia was associated with increased mortality but the magnitude of 
change was greater in nursing homes. Pneumonia was important in all but three of 36 age-comorbidity 
comparisons. In the most populous subgroups (1-2 major comorbidities), pneumonia increased the age-
specific 90-day mortalities at least 1.62 and 2.08 times in home care and nursing homes, respectively. 

Table 3 shows the potential impact of factors related to exposure to and severity of COVID-19, in nursing 
homes and home care in three countries. The age-comorbidity distributions for each country were used 
to estimate the numbers of individuals in each of 18 different subgroups for each setting. The 
percentages obtained from our earlier analyses were applied to estimated home care and nursing home 
population sizes. We applied the Canadian mortality rates for each age-comorbidity group with and 
without pneumonia to the estimated number of individuals in each subgroup to derive proxy estimates 
of expected deaths with and without COVID-19. Our aim is not to produce definitive prognoses of long-
term care deaths in each country, but rather to illustrate how approaches to care might influence 
mortality patterns. 

Three main assumptions were manipulated for nursing homes: a) percentage of COVID-19 cases causing 
pneumonia of the severity found in previous years; b) percentage of facilities with outbreaks; and c) 
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infection rate among residents when an outbreak occurs. These could indicate of how well homes 
manage COVID-19 when a resident is infected; keep COVID-19 out of the facility; and contain the spread 
of COVID-19 when it enters the facility. If 20% of COVID-19 cases progress to severe pneumonia, 10% of 
facilities have outbreaks, and 30% of residents become infected when an outbreak occurs, we could 
expect 229, 2,027 and 38 nursing home deaths in Canada, US and NZ, respectively (Table 3). For context, 
at the time of writing there were 2,028, 23,358 and 16 COVID-19 deaths in Canada, US and NZ, 
respectively. If the infection rate within facilities increases to 40%, the number of deaths in all three 
countries would rise by about 132%. If one also doubles the percentage of facilities with outbreaks, 
deaths would increase by 260%. Finally, if we increase the percentage of severe pneumonia to 30% and 
infection rate within homes to 50%, the numbers increase by about 490% in each country. For Canada, 
the model under those assumptions would predict 1,115 deaths, which roughly corresponds to recent 
estimates of COVID-19 deaths in those settings.   

The simulation parameters for the home care settings are: a) percentage of COVID-19 cases causing 
severe pneumonia; b) COVID-19 rates in the general population; and c) infection rate of home care 
clients, as a percentage of the general population rate. The second assumption relates to the general 
effectiveness of public health strategies to use social distancing to contain spread, while the third 
pertains to how well home care services prevent clients’ exposure to COVID-19. The baseline model 
assumes that 20% of COVID-19 cases transition to severe pneumonia, 1% of the general population is 
exposed, and the client population rate is 10% of the general population rate. If the general population 
rate were to rise to 10%, the number of long-term care deaths in each country would rise by between 
121% in NZ and 131% in Canada. However, if the home care client infection rate rises to 50% of the 
general population rate, deaths would increase between 218% and 270% in NZ and Canada, 
respectively. Finally, if the severity of COVID-19 increases such that 30% develop pneumonia, the 
number of deaths would rise by 329% to 405% in Canada and NZ, respectively.  

DISCUSSION 

As COVID-19 began to take hold in North America, there were calls for epidemiological studies to 
provide insights into the extent and severity of the pandemic 36. Although long-term care settings serve 
populations at the highest risk levels for adverse outcomes related to COVID-19, the magnitude of the 
problem has not yet been quantified. Recent reports have highlighted horrendous outcomes in some 
North American facilities37. Using relatively simple indicators based on age and underlying comorbid 
health conditions, a clear majority of persons cared for by these organizations are at the highest levels 
of risk. When pneumonia strikes, the already high levels of short-term mortality can increase 
substantially. Therefore, if the spread of COVID-19 is pervasive in these populations, the impact will be 
devastating. Our simulation suggests that both minimizing exposure within these care settings and 
containing the spread of COVID-19 when an outbreak occurs will be critical to attenuating the impact of 
the pandemic.  

Compared with post-acute hospitals, Canadian nursing homes have much lower staffing levels with 
substantially less access to registered nurses or physicians. Personal support workers provide about 75% 
of nursing care within nursing homes compared with 8% in post-acute hospitals 38. Thus, nursing homes 
may not have the capacity to manage a serious outbreak. This problem is further magnified in assisted 
living, which serves a population similar to home care and nursing homes, but with few clinical services. 

In home care, 75% of care received comes from caregivers who often experienced high levels of distress 
prior to the pandemic 39-41. As health services become strained and less support is provided in home 
care, the chance of serious adverse outcomes may rise markedly for both the client and the caregiver. 
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With this in mind, what are practical things to do? First, tight controls are needed for who enters nursing 
homes and home care clients’ homes. Only essential persons providing care, dietary staff, and those 
ensuring cleaning and infection control should enter the facility. In home care, it may mean only one 
family caregiver and home care staff can visit. For those who do enter the home, screening for COVID-19 
symptoms should occur at every shift. Previous experience has shown the importance of restricting 
nursing home staff to work in a single organization, to reduce cross-contamination. However, that 
restriction is impractical in-home care, where care staff may support 6-10 clients in different homes 
daily.  Some might consider suspending formal care for a time with family members providing even 
more care; however, families that are already overwhelmed may be unable to cope, potentially resulting 
in hospitalizations of both the caregiver and home care client41. 

The importance of hand hygiene is widely recognized, but there is less clarity about personal protective 
equipment (PPE) in nursing homes and home care. While in the US use of such equipment is becoming 
more common, PPE use in Canada has been restricted to protecting staff from infected patients. 
However, it can also protect patients from staff who may be asymptomatically infected with COVID-19. 
Training in the appropriate use of PPE is likely to be needed in nursing homes and home care where they 
have not been used frequently.  

New admissions to nursing home and assisted living settings should be isolated for at least 14 days.  Use 
of ward rooms should be avoided and discrete areas should be used to treat residents with the 
infection. At a minimum, infected residents should not share rooms with other. Separated units should 
be used for residents infected with COVID-19. The problem is further complicated because about half of 
nursing home residents who tested positive for COVID-19 were asymptomatic9. It should not be 
assumed only symptomatic residents can spread the infection, so increased detection with testing is 
essential. 

Strict controls to lock down access to nursing homes and clients’ homes in community-based services 
are important to control the pandemic, but those actions may also create other adverse outcomes (e.g., 
depression, delirium, functional decline). Those unanticipated negative consequences should be 
addressed with effective chronic disease management strategies42 and mobilization of additional clinical 
resources43. Failure to do so will place additional strains on the health system. 

Careful thought should also be given to who is admitted to nursing home settings from hospital or 
community settings. Based on reports by Italian physicians44, discharge of hospital patients to nursing 
homes to “make room for COVID-19 patients” may simply be throwing fuel on the fire.  One cannot 
assume that asymptomatic hospital patients pose no risk to nursing home residents.  

Having advance care plans in place is another important consideration45. A health system under stress 
from a pandemic may not have the capacity to provide elegant person-centered care in the context of 
shortages of staff, equipment, space, and time. If possible, the person and the support network should 
engage in a meaningful process of shared end-of-life decision making before a crisis strikes.  

CONCLUSIONS/IMPLICATIONS 

It behooves all stakeholders engaged in health system policy development and service delivery to work 
together on pandemic strategies that protect long-term care services. Much of the focus so far has been 
on “flattening the curve” to prevent peak demand on emergency departments and hospital intensive 
care units. These are critical parts of the health system, but they are not the only parts of concerned. 
Providing better clinical support to nursing home and home care is an essential part of any strategy to 
reduce the impact of the COVID-19 pandemic on our most vulnerable citizens.  
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Table 1. Sample characteristics for mortality analyses (Canada only) and simulation model (Canada, US, New Zealand). 
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Table 2. Age-sex-adjusted hazard ratios (94% CL) for 90-day mortality in four Canadian care settings by presence of count of major 
comorbidities and pneumonia at baseline 

Major Comorbidity Count 

Home Care 
(n=841,440) 

Assisted Living  
(n=98,406) 

Nursing Homes  
(n=422,903) 

Post-acute Hospitals  
(n=291,117) 

Pneumonia at Baseline? Pneumonia at Baseline? Pneumonia at Baseline? Pneumonia at Baseline? 

No Yes No Yes No Yes No Yes 

0 1.00 
1.73 

(1.51-1.98) 1.00 
1.74 

(1.10-2.75) 1.00 
1.73 

(1.35-2.23) 1.00 
1.07 

(0.96-1.20) 

1-2 
1.08 

(1.06-1.11) 
2.04 

(1.50-2.77) 
1.41 

(1.29-1.54) 
3.29 

(1.18-9.18) 
1.12  

(1.07-1.16) 
2.94 

(1.69-5.09) 
0.91 

(0.89-0.92) 
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(1.07-1.74) 

3+ 
1.71 

(1.64-1.79) 
2.69 

(1.89-3.84) 
2.69 

(2.38-3.04) 
4.14 

(1.36-12.56) 
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(1.93-2.11) 
4.25 

(2.42-7.46) 
1.26 

(1.23-1.30) 
1.75 

(1.36-2.26) 
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Table 3. Simulation models for the impact of different assumptions about spread of COVID-19 on the expected number of deaths in a) nursing 
homes and b) home care settings 

A) Nursing Homes 

Assumptions Expected COVID-19 Deaths 

COVID-19 
cases with 

Severe 
Pneumonia 

(%) 

Facilities 
with 

COVID-19 
Outbreaks 

(%) 

Infection of 
Residents 

When 
Outbreak 
Occurs 

(%) 

Canada 
(Sample n=173,359; 

Est Population=207,000) 

United States 
(Sample n=2,046,851; 

Est Population=2,000,000) 

New Zealand 
(Sample n=59,317; 

 Est Population=34,000) 

Expected 
Number % change Expected 

Number 
% 

increase 
Expected 
Number 

% 
increase 

20 10 30 229 -- 2,027 -- 38 -- 
20 50 15 560 244.5 4972 245.3 94 247.4 
20 10 40 302 131.9 2,681 132.3 50 131.6 
20 20 40 596 260.3 5,300 261.5 100 263.2 
20 20 50 744 324.9 6,609 326.0 125 328.9 
30 20 50 1,115 487.9 9,913 489.0 187 492.1 

B) Home Care 

Assumptions Expected COVID-19 Deaths 
COVID-19 
cases with 

Severe 
Pneumonia 

(%) 

General 
Population 
COVID-19 

Prevalence 
(%) 

Home care 
infections  

(% of general 
population 

rate) 

Canada 
(Sample n=232,857; 

Est Population=560,000) 
United States 

(Sample n=391,910; 
Est Population=4,500,000) 

New Zealand 
(Sample n=75,195; 

Est Population=65,000) 
Expected 
Number % change Expected 

Number 
% 

increase 
Expected 
Number 

% 
increase 

20 1 10 229 -- 2,027 -- 38 -- 
20 10 10 300 131.0 2,594 128.0 46 121.1 
20 10 50 619 270.3 5,116 252.4 83 218.4 
30 10 50 928 405.2 7,675 378.6 125 328.9 
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Figure 1. 90-day Mortality Rates by Age, Pneumonia and 
Major Comorbidity Count, Home Care and Nursing Homes, Canada, 2002-2018
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Appendix A – Construction of Major Comorbidity Count Algorithm 

The diagnoses included in this algorithm were derived from the disease pick lists included in various 
interRAI assessments. The specific interRAI assessments used in each country and care setting were as 
follows: 

1) Canada 
a) Home Care – Resident Assessment Instrument for Home Care (RAI-HC) for all provinces and 

territories for all years; except Ontario after 2019, where the interRAI Home Care assessment is 
used. 

b) Assisted Living/Retirement Homes - Resident Assessment Instrument for Home Care (RAI-HC) 
for all provinces and territories for all years; except Ontario after 2019, where the interRAI 
Home Care assessment is used. Population is limited to residents receiving home care services in 
the assisted living/retirement home setting.  

c) Nursing Homes – Resident Assessment Instrument 2.0 (RAI 2.0) for all provinces and territories 
for all years.  

d) Post-acute Hospitals (referred to as complex, continuing care hospitals/units) - Resident 
Assessment Instrument 2.0 (RAI 2.0) for all provinces and territories for all years.  

2) United States 
a) Home Care – interRAI Home Care assessment is used in all states included in our analyses. 
b) Nursing Homes – Minimum Data Set 3.0 is used in all US states. 

3) New Zealand  
a) Home Care – interRAI Home Care assessment is used in all regions of the country. 
b) Nursing Homes – interRAI Long Term Care Facility assessment is used in all regions of the 

country.  

Major comorbidity count variable is the sum of six major types of diagnosis/health conditions indicated 
by the presence of one or more medical diagnoses and/or treatments. The types included are: 

1) Heart – coronary heart disease; congestive heart failure; irregularly irregular pulse; other 
cardiovascular disease; 

2) Liver – liver disease; viral hepatitis; 
3) Kidney – renal failure; dialysis; 
4) Cancer with treatment – any cancer with radiation or chemotherapy; 
5) Neurological – Alzheimer’s disease or other dementia; cerebrovascular accident; aphasia; transient 

ischemic attack; hemi/para/quadriplegia; Huntington’s disease; multiple sclerosis; Parkinson’s 
disease; amyotrophic lateral sclerosis; seizure disorder/epilepsy; cerebral palsy; 

6) Lungs – Emphysema; chronic obstructive pulmonary disease; respiratory infection other than 
pneumonia; tuberculosis; respirator in nursing home; tracheostomy care; oxygen therapy and other 
respiratory treatments; 
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