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Abstract

Background: Canadian long-term care facility (LTCF) residents experienced
higher death rates compared to other countries during the first wave of the
COVID-19 pandemic. This cohort study analyzes the individual, therapeutic,
and institutional factors associated with death in LTCFs.

Methods: Institutional data for 17 LTCFs in Montreal, Canada were obtained
from local administrative registries. Individual data for 1197 residents infected
by SARS-CoV-2 between February 23 and July 11, 2020 were obtained through
chart reviews. A multivariable modified Poisson regression model, which
accounted for LTCF clustering, was used to identify resident and facility cov-
ariates associated with 30-day mortality after COVID-19 diagnosis.

Results: Severe shortage of licensed practical nurses (RR 2.60 95% CI 1.20-
5.61) and medium-sized facilities compared to smaller-sized facilities (RR 2.73
95% CI 1.23-6.07) were associated with 30-day mortality. Later COVID-19
diagnosis (RR 0.98 95% CI 0.97-0.99 per additional day) was associated with
survival. Individual risk factors for death included age (RR 1.33 95% CI 1.23-
1.45 per additional 10 years), male sex (RR 1.46 95% CI 1.24-1.71), functional
impairment (RR 1.08 95% CI 1.04-1.12 per unit increase of SMAF), as well as a
diagnosis of congestive heart failure (RR 1.31 95% CI 1.04-1.66) and neurocog-
nitive disorder (RR 1.31 95% CI 1.01-1.70). Among severe cases, anticoagula-
tion was associated with survival (RR 0.70 95% CI 0.51-0.96).

Conclusions: This study identified practical nurse shortages and facility size
as institutional risk factors for COVID-19 death. Anticoagulation was associ-
ated with survival among severe cases.

KEYWORDS
COVID-19, death, long-term care

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2022 The Authors. Journal of the American Geriatrics Society published by Wiley Periodicals LLC on behalf of The American Geriatrics Society.

J Am Geriatr Soc. 2022;1-11.

wileyonlinelibrary.com/journal/jgs


https://orcid.org/0000-0003-3597-9987
https://orcid.org/0000-0002-4879-2735
https://orcid.org/0000-0002-1170-9475
https://orcid.org/0000-0001-5412-2597
https://orcid.org/0000-0003-1388-1145
mailto:sophie.zhang.med@ssss.gouv.qc.ca
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://wileyonlinelibrary.com/journal/jgs

ZHANG ET AL.

2| jaGs
INTRODUCTION

The COVID-19 pandemic has disproportionately affected
the older adult population in long-term care facilities,
especially in Canada, where death rates during the first
wave were among the highest in the world." Despite
extensive literature on COVID-19 mortality risk factors in
the hospital-based and general population, long-term
care models incorporating both individual-level and
institutional-level risk factors are lacking and much of
the current evidence is of low certainty, with no clinical
trials.>* Furthermore, older adults are vastly underrepre-
sented in COVID-19 drug therapy trials.*

At the individual level, older adults living in long-
term care facilities (LTCFs) are especially vulnerable to
COVID-19 complications because of the interaction
between advanced age and multimorbidity.>® Institu-
tional and environmental factors specific to LTCFs also
contribute to COVID-19 vulnerability, including: high
occupancy density, shared living spaces, residents with
cognitive and behavioral problems, lack of human and
material resources, and outdated infrastructure.” These
combined risk factors, as well as failure to adequately
prepare LTCFs in the early days of the pandemic,® led to
high case fatality ratios, estimated between 14% and
53%,'° and swift disease progression (average time to
death of 10 days).'>*°

In Quebec, Canada's second-largest province (8.6 mil-
lion inhabitants), the long-term care facility population
accounted for 16% of all COVID-19 infections and nearly
70% of COVID-19 deaths, by the end of the first wave on
July 11, 2020.%' Of 453 LTCFs in the province, 178 had at
least one case and the average case fatality ratio was
40%.** Given that COVID-19 mortality varied greatly
from one facility to another, the objective of this study
was to investigate known and novel explanatory factors
at the resident and facility levels.

METHODS
Study population

Located at the epicenter of the country's COVID-19 epi-
demic, the Montreal Center-South district (MCS) was
home to 2595 residents living in 17 publicly funded
LTCFs (see Supplementary Text S2), of which 1197 con-
tracted COVID-19 and 456 (37%) died from the illness
during the first wave (defined by local public health
authorities as February 23 to July 11, 2020°%). Attack
rates per facility ranged from 0.8% to 77.4%, while case
fatality ratios per facility ranged from 0% to 52.1% (see
Table S3).

Key points

« Among a Canadian cohort of 1197 long-term
care facility (LTCF) residents diagnosed with
COVID-19 in the first wave of the pandemic,
shortage of licensed practical nurses and facil-
ity size were associated with 30-day mortality.

« Administration of anticoagulation was associ-
ated with a lesser risk of death among severe
cases.

« Individual risk factors for death included age,
male sex, functional impairment, as well as a
diagnosis of congestive heart failure or neuro-
cognitive disorder.

Why does this paper matter?

Interventions and policies aiming to mitigate
staff shortages and facility size, as well as the use
of anticoagulation among severe cases, may help
protect LTCF residents in the event of future
COVID-19 outbreaks.

At the beginning of the pandemic, each facility
housed between 81 and 268 residents, whose profiles
resembled the average LTCF population in Quebec: frail
and cognitively impaired older adults, with an average
age of around 80 and substantial functional impairment
(see Table S2).

All COVID-19 cases, as identified through the MCS's
clinical and administrative registries, were included in
the analysis. Laboratory diagnosis was based on a positive
nasopharyngeal polymerase chain reaction (PCR) test.
For a minority of residents with an epidemiological diag-
nosis (i.e., compatible symptoms and close contact, with-
out a positive laboratory result), the diagnosis was
confirmed by the attending team in chart notes. A total
of 1197 participants met the inclusion criteria for the
analysis. There were no exclusion criteria.

Following a ministerial directive published on March
25, 2020 which requested that LTCFs in the province
avoid transferring their residents to the hospital, most
COVID-19 cases received in-facility care during the
course of their illness.

Study design

Based on a retrospective cohort design, data collection
began in January 2021 and ended in May 2021. Resident
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paper charts were manually reviewed and data were
abstracted by the first author and collaborators (see Sup-
plementary Text S1). The research protocol was approved
by the MCS's institutional review board and the Neuro-
sciences and Aging ethics committee (approval number
CER VN 20-21-28). Given that the study was based only
on chart and registry reviews, with no interventions and
no risk to subjects, participant consent was not required.
All participants (n = 1197) were followed from the time
of diagnosis until death or the end of the study, with no
losses to follow-up.

Measurements

Study variables were chosen based on a literature
review'>'>**2® and the authors' clinical experiences. Out-
come was all-cause mortality within 30 days of a COVID-19
diagnosis. Individual-level variables were manually
abstracted from residents’ paper charts (see Table S1) and
included age, sex, SMAF (Functional Autonomy Measure-
ment System,”’” a score from 1 to 14 proportional to a resi-
dent's functional impairment), goals of care A to D (from
life-prolonging care A and B, to comfort care C and D),*®
medical conditions inspired by the modified Charlson
Comorbidity Index,” date of COVID-19 diagnosis, and
medical treatments (anticoagulation at prophylactic and
therapeutic doses, corticosteroids, oxygen, and fluid thera-
pies) which were administered prior or during COVID-19
episode. For variable coding, see Tables S4 and S5.
Institutional-level variables were collected from MCS
administrative registries and included the presence of a red
zone (isolation area for COVID-19 cases) at the time of first
outbreak, air changes per hour as measured a month after
the first wave, average performance score on health minis-
try audits during the pandemic (which measured infection
prevention and control practices as well as overall quality of
care), proportion of shared rooms, and percentage of vacan-
cies for healthcare aides (HCA), licensed practical nurses
(LPN), and registered nurses (RN) according to human
resources database from March 6, 2020. Data collection
methods and full variable descriptions available in Supple-
mentary Texts S1 and S3.

Statistical analysis

As the binary outcome of death was common, odds ratios
would likely overstate the effect of some covariates,**>"
so the initial multilevel logistic regression was changed a
posteriori to a modified Poisson regression®>** to obtain
incidence rate ratios. To account for the correlations in
outcomes for individuals within the same facility, the

variance was corrected using the cluster-robust variance
(sandwich) estimator,* which is more appropriate for a
small number of clusters (i.e., 17 facilities)** and is robust
against model misspecification.”>*°

As there were no missing data for institutional vari-
ables and complete data was available for 97.1% of the
cohort's participants, with no significant pattern found in
the individual missing data (missingness at random), a
complete case analysis was performed. See Supplemen-
tary Text S5 and Figure S2.

To build the final regression model, we combined all
basic variables (age, sex, SMAF, date of COVID-19
diagnosis) and all comorbidities - excluding instrument
or ancestor variables (GOCs, hypertension, diabetes)
which were not directly associated with mortality (see
Figure S1)—in addition to the two treatment variables
(anticoagulation and corticosteroids) that showed least
signs of confounding by indication.’” When adding facil-
ity factors to the model, because of collinearity issues
between the three vacancies variables, we chose LPN
(over RN and HCA) based on the Bayesian Information
Criteria.*® Details on model building are provided in the
Supplementary Text S4.

We also conducted sensitivity analyses: a model
which included goals of care (see Table S6) and two
models which excluded hospital transfers during COVID-
19 illness and epidemiological diagnoses (cases without a
positive PCR test) (see Table S7). Full details of sensitivity
analyses are provided in Supplementary Text S6.

All analyses were carried out using R statistical soft-
ware, version 4.0.5, and package clubSandwich for
cluster-robust variance estimation, considering two-sided
D < 0.05 statistically significant.

RESULTS
Descriptive statistics for the cohort

This cohort of 1197 COVID-19 cases across 17 LTCFs
included diverse residents (see Table 1), aged 19 to
107 (median 82), with a majority of women (58.6%), an
average SMAF profile of 11 (out of 14), and predomi-
nantly goals of care B (30.2%) and C (52.2%). The most
frequent comorbidity was neurocognitive disorder
(73.1%), followed by hypertension (53.2%) and diabetes
(28.0%). Half (50.5%) of the cohort was infected between
March 24 and April 19, 2020 and the other half between
April 20 and July 11, 2020. Only 32 cases (2.7%) were
diagnosed epidemiologically, most of them at the time of
death, and all other cases were laboratory confirmed.
Sixty-three residents (5.3%) were transferred to the hospi-
tal over the course of their COVID-19 illness. Almost half
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TABLE 1 Individual baseline characteristics of the cohort

Background information
Age

Mean (SD)

Median [Min, Max]
Sex

Female
Goal of care®

A

B

C

D
SMAF®

Mean (SD)

Median [Min, Max]

Missing
Comorbidities
Neurocognitive disorder
Hypertension
Diabetes mellitus
Cerebrovascular disease
Coronary heart disease
Chronic pulmonary disease
Kidney disease
Congestive heart failure
Any malignancy
Liver disease
Rheumatological disease
HIV/AIDS
Medical treatments
Fluid therapy

Yes

No

Missing
Oxygen therapy

Yes

No

Missing
Corticosteroids

Yes

No

Missing

Deceased (n = 451)

83.4 (10.6)
85 [51, 107]

245 (54.3%)

17 (3.8%)
110 (24.4%)
265 (58.8%)
59 (13.1%)

11.4 (2.27)
12 [3, 14]
3(0.7%)

373 (82.7%)
251 (55.7%)
123 (27.3%)
111 (24.6%)
123 (27.3%)
98 (21.7%)
87 (19.3%)
71 (15.7%)
43 (9.5%)
18 (4.0%)
10 (21%)
3(0.7%)

85 (18.8%)
350 (77.6%)
16 (3.5%)

288 (63.9%)
157 (34.8%)
6 (1.3%)

17 (3.8%)
416 (92.2%)
18 (4.0%)

Alive (n = 746)

76.4 (14.3)
78 [19, 106]

457 (61.3%)

87 (11.7%)
251 (33.6%)
360 (48.3%)
48 (6.4%)

10.7 (2.61)
11[1, 14]
0 (0%)

502 (67.3%)
386 (51.7%)
212 (28.4%)
151 (20.2%)
135 (18.1%)
124 (16.6%)
96 (12.9%)
59 (7.9%)
70 (9.4%)
38 (5.1%)
14 (1.9%)

5 (0.7%)

68 (9.1%)
671 (89.9%)
7 (0.9%)

95 (12.7%)
642 (86.1%)
9 (1.2%)

24 (3.2%)
716 (96.0%)
6 (0.8%)

Total (n = 1197)

79.0 (13.4)
82 [19, 107]

702 (58.6%)

104 (8.7%)
361 (30.2%)
625 (52.2%)
107 (8.9%)

11.0 (2.52)
11 (1, 14]
3(0.3%)

875 (73.1%)
637 (53.2%)
335 (28.0%)
262 (21.9%)
258 (21.6%)
222 (18.5%)
183 (15.3%)
130 (10.9%)
113 (9.4%)
56 (4.7%)
24 (2.0%)

8 (0.7%)

153 (12.8%)
1021 (85.3%)
23 (1.9%)

383 (32.0%)
799 (66.8%)
15 (1.3%)

41 (3.4%)
1132 (94.6%)
24 (2.0%)
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TABLE 1 (Continued)
Deceased (n = 451)
Anticoagulation
Yes 76 (16.9%)
No 359 (79.6%)
Missing 16 (3.5%)

COVID-19 episode

Date of diagnosis

Mean (SD) 2020-04-17 (14.1)
Median 2020-04-15
[Minimum, Maximum] [2020-03-24, 2020-06-04]
Epidemiological case 30 (6.7%)
Hospital transfer 40 (8.9%)

Disease severity 451 (100%)

Alive (n = 746) Total (n = 1197)

266 (35.7%) 342 (28.6%)
477 (63.9%) 836 (69.8%)
3(0.4%) 19 (1.6%)

2020-04-23 (15.2) 2020-04-21 (15.0)

2020-04-22 2020-04-19
[2020-03-25, 2020-07-09] [2020-03-24, 2020-07-09]

2(0.3%) 32 (2.7%)

23 (3.1%) 63 (5.3%)

116 (15.5%) 567 (47.4%)

#Goal of care: A = Prolong life with all necessary care; B = Prolong life with some limitations to care; C = Ensure comfort as a priority over prolonging life;

D = Ensure comfort without prolonging life.

"SMAF (Functional Autonomy Measurement System): 0 = no functional impairment (full autonomy), 14 = severe motor and cognitive impairment (full

dependency for activities of daily living).

(47.4%) of all COVID-19 cases met the criteria for severe
disease, as defined by the World Health Organization
(oxygen saturation below 90%, respiratory rate above
30 breaths per minute, acute respiratory distress, or
death).®

In terms of treatment, oxygen therapy was given in
32.0% of cases, anticoagulation in 28.6%, fluid therapy in
12.8%, and corticosteroids in 3.4% of cases. The anticoa-
gulation variable is heterogeneous and could not be cate-
gorized by molecule (e.g., enoxaparin, warfarin, direct
oral anticoagulants) or dose. While several residents were
on antithrombotic medication for chronic medical condi-
tions before their infection, others received thrombopro-
phylaxis specifically for their COVID-19 episode. During
the study period, oxygen was accessible in all LTCFs and
was generally administered when saturation levels fell
below 92% (or 90% for residents with chronic obstructive
pulmonary disease), as per local protocols. On the other
hand, the use of fluid therapy was not widespread in
most LTCFs and varied from one ward to another (from
never use to common use). Finally, physicians only began
to prescribe corticosteroids for severe cases near the end
of the first wave, when it was added as a therapeutic
option in COVID-19 protocols, hence the small propor-
tion in our cohort.

Overall, 477 individuals in the cohort died during the
first wave. 451 deaths, of which 450 were attributed to
COVID-19, occurred within 30 days of COVID-19 diagno-
sis. The average time to all-cause death was 11.3 days,
with a range of 0 to 105 days.

As for institutional-level variables (see Table 2), the total
number of beds ranged from 83 to 276. Seven facilities had

only private rooms, while in the other ten facilities shared
rooms made up 10.7% to 86.8% of all rooms. Around half of
the facilities had a red zone (isolation area for COVID-19
cases) set up before their first outbreak. With 0.6 to 4 air
changes per hour (ACH), ventilation parameters failed to
meet recommended provincial standards (4 ACH in bed-
rooms, 3 ACH in hallways, and 10 ACH in bathrooms*’)
across all facilities. Staff shortages were widespread: the pro-
portion of vacancies varied from 18.8% to 33.0% for HCA,
8.3% to 42.9% for LPN and 15.4% to 47.4% for RN. Health
ministry audit scores varied from 1 (perfect score) to 2.07
(with 3 being the worst score).

Regression model for 30-day mortality

Results of the regression model are presented in Table 3.
In this cohort of LTCF COVID-19 cases, when adjusting
for individual and institutional factors, while accounting
for clustering per facility, we found that the risk of dying
30 days after COVID-19 diagnosis for a resident living in
an LTCF with 25% or more LPN vacancies was 2.60 times
(95% CI 1.20-5.61) that of a resident in a facility with less
than 15% vacancies. Compared to smaller-sized facilities,
the risk of death for residents in medium-sized facilities
increased by 2.73 times (95% CI 1.23-6.07). Furthermore,
each subsequent day of diagnosis was associated with a
2% decrease in mortality (RR 0.98 95% CI 0.97-0.99).

On an individual level, each increase of 10 years in
age raised the risk of death by 1.33 times (95% CI 1.23-
1.45), while each additional point in the SMAF profile
score increased the risk by 1.08 times (95% CI 1.04-1.12).
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TABLE 3

and institutional covariates

Age (per 10-year
increase)

Sex
Female
Male

SMAF?

Date of diagnosis (per
day increase)

Congestive heart
failure

Neurocognitive
disorder

Coronary heart disease

Chronic pulmonary
disease

Kidney disease

Cerebrovascular
disease

Liver disease
HIV or AIDS
Rheumatologic disease
Any malignancy
Anticoagulation
Corticosteroids
LPN vacancies®

<15%

15%-25%

25% or more
Beds (tertiles)

<152

158 to 185

193 to 276
Air changes per hour
Presence of red zone
Audit performance
Shared rooms

None

<30%

30% or more

Unadjusted RR
(95% CI)

1.03 (1.02-1.03)

Reference

1.19 (1.03-1.38)
1.09 (1.05-1.12)
0.98 (0.97-0.99)

1.53 (1.23-1.91)

1.76 (1.37-2.27)

1.36 (1.12-1.66)
1.22 (0.99-1.50)

1.32 (1.02-1.72)
1.17 (0.98-1.38)

0.85 (0.48-1.48)
1.00 (0.33-2.97)
1.11 (0.66-1.85)
1.01 (0.73-1.40)
0.52 (0.31-0.86)
1.13 (0.78-1.63)

Reference
1.28 (0.79-2.06)
1.22 (0.76-1.96)

Reference

0.98 (0.63-1.52)
0.91 (0.47-1.76)
1.03 (0.79-1.33)
0.95 (0.61-1.50)
1.33 (0.75-2.35)

Reference
1.15 (0.83-1.60)
0.70 (0.38-1.29)

Modified Poisson regression model with individual

Adjusted RR
(95% CI)

1.33 (1.23-1.45)

Reference

1.46 (1.24-1.71)
1.08 (1.04-1.12)
0.98 (0.97-0.99)

1.31 (1.04-1.66)

1.31 (1.01-1.70)

1.12 (0.92-1.36)
1.15 (0.91-1.45)

1.00 (0.82-1.23)
1.08 (0.89-1.30)

1.15 (0.65-2.03)
1.25 (0.48-3.29)
1.17 (0.58-2.35)
0.96 (0.73-1.27)
0.65 (0.42-1.02)
1.28 (0.96-1.70)

Reference
1.46 (0.97-2.22)
2.60 (1.20-5.61)

Reference

2.73 (1.23-6.07)
1.22 (0.61-2.44)
1.51 (0.93-2.47)
1.24 (0.89-1.72)
1.39 (0.58-3.33)

Reference
1.21 (0.56-2.61)
0.80 (0.45-1.41)

4SMAF (Functional Autonomy Measurement System): 0 = no functional

impairment (full autonomy), 14 = severe motor and cognitive impairment
(full dependency for activities of daily living).
bPercentage of unfilled vacancies among licensed practical nurses (LPN).

Men were 1.46 times (95% CI 1.24-1.71) more likely to
die than women and residents with congestive heart fail-
ure or neurocognitive disorder had a significantly
increased risk of death (RR 1.31 95% CI 1.04-1.66 and RR
1.31 95% CI 1.10-1.70). Results were comparable in the
sensitivity analyses (see Supplementary Text S6).

Among the subgroup of severe cases (n = 567), when
adjusting for individual risk factors, the use of anticoagu-
lation decreased the risk of dying by 30% (RR 0.70 95% CI
0.51-0.96), while no significant associations were found
for the other medical treatments (Table 4).

DISCUSSION

This study suggests that the risk of dying within 30 days
of a COVID-19 diagnosis was influenced not only by
LTCF residents' individual characteristics but also by
facility-wide risk factors such as shortage of nurses and
number of beds, as well as the use of anticoagulation
among severe cases (Figure 1).

At a time when Quebec LTCFs were compelled to
deliver acute and intensive care to avoid hospital over-
flow, lower staff ratios may have contributed to COVID-
19 mortality.* Besides administering medication, LPN in
Quebec follow essential clinical parameters, including
vital signs, symptoms, and nutritional status.** They have
increased direct contact with residents compared to RN
while possessing enhanced clinical skills compared to
HCA. Therefore, LPN shortage could increase the risk of
COVID-19 death through the delayed detection of clinical
deterioration, as well as less contact and care. However,
data on staff vacancies were imprecise (i.e., did not
include short-term leaves) and collinearity between the
three vacancies variables did not allow them to be jointly
assessed in the final model.

Facility size has been identified as a risk factor for
COVID-19 deaths in many previous studies,”*™*° likely
due to high occupancy density, which may lead to
increased exposure to the virus and less personalized
care.”® However, while medium-sized facilities were asso-
ciated with death compared to smaller facilities in our
study, we did not find a statistically significant associa-
tion between larger facilities or shared rooms, possibly
because of lack of power. In line with previous literature,
the quality of care measure in our study (i.e., audit per-
formance) was not a significant predictor of death,
suggesting that mortality in LTCFs was not driven by
low-scoring facilities. Surprisingly, the presence of a red
zone (COVID-19 isolation area) was not protective
against death, which may be explained by the deleterious
impacts of transferring residents outside their wards and
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TABLE 4

Medical treatments and association with 30-day COVID-19 mortality

Relative risks and 95% confidence intervals

Unadjusted model
(all cases n = 1197)

Anticoagulation 0.52 (0.31-0.86)
Corticosteroids 1.13 (0.78-1.63)
Oxygen therapy 3.83 (2.78-5.26)
Fluid therapy 1.62 (1.29-2.03)

Unadjusted model
(severe cases n = 567)

0.66 (0.50-0.88)
0.82 (0.63-1.06)
0.90 (0.83-0.97)
0.88 (0.76-1.01)

Adjusted model?®
(severe cases n = 567)

0.70 (0.51-0.96)
0.95 (0.72-1.26)
0.96 (0.88-1.04)
1.00 (0.86-1.16)

*Adjusted for age, sex, SMAF (functional impairment), date of COVID-19 diagnosis, congestive heart failure, neurocognitive disorder, coronary heart disease,
chronic pulmonary disease, kidney disease, cerebrovascular disease, liver disease, HIV/AIDS, rheumatological disease, any malignancy.

COVID-19 deaths in
long-term care facilities

B Nurse shortages

M Facility size

Age
Male sex
Functional impairment

|| Earlier COVID-19 diagnosis
Il Congestive heart failure
i Neurocognitive disorder

FIGURE 1 Factors associated with 30-day mortality after
COVID-19 diagnosis

into temporary spaces, as well as the prolonged isolation
periods which were common in the first wave. In turn,
the association between death and air changes per hour
was not significant in our study, but the imprecision of
the measure and small inter-facility variations may have
prevented the detection of meaningful differences.

Use of anticoagulation was previously associated with
a reduction in mortality in LTCF settings'®**™*® likely
because of its protection against thromboembolic compli-
cations. In our full cohort model, the association was bor-
derline significant, but this was likely a case of
confounding by indication®”: during the first wave,
thromboprophylaxis was administered only to more
severe cases, as per local clinical protocols. A subgroup
analysis with severe cases (n = 567) showed a significant
benefit for anticoagulation. However, the anticoagulation
variable is limited by its heterogeneity, as it could not be
categorized by molecule (e.g., enoxaparin, warfarin,
direct oral anticoagulants) or dose. Furthermore, the
same confounding by indication explains why oxygen
and fluid therapies were associated with higher mortality
when analyzing the full cohort but did not alter survival
among severe cases. Dexamethasone, which seemed to
increase the survival of hospitalized residents under

oxygen,* was not associated with survival benefits in our
study.

Our results suggest that a later diagnosis was strongly
associated with survival. The lack of tests at the begin-
ning of the pandemic likely led to a substantial number
of undetected (usually milder) cases. More timely testing
later on, and therefore earlier detection and isolation of
positive cases, may also have decreased exposure to viral
loads for all residents. In addition to the phenomenon
known as “depletion-of-susceptibles,”®  beneficial
changes in practices (e.g., shorter isolation periods,
improved COVID-specific resident care, better staffing),
could have further contributed to improved survival
over time.

Age and male sex are consistently associated with
mortality in all segments of the population including in
LTCF.*>**! Functional impairment'® also increased the
risk of death in our study, possibly due to prolonged close
contact with staff (and therefore exposure to higher viral
loads), related clinical syndromes (e.g., delirium, decon-
ditioning, dysphagia), as well as impaired ability to com-
municate or fulfill basic needs.”* While previous
literature associated several medical conditions with
COVID-19 death in LTCFs,*>**% our study adjusted for
multiple confounders and identified two significant diag-
noses collected from resident charts: congestive heart fail-
ure and neurocognitive disorder. The heart's weakened
ability to resist the stress of COVID-19 infection and
higher rates of cardiac complications, as well as the pres-
ence of at-risk behaviors (e.g., intrusive wandering, no
mask-wearing) leading to exposure to higher viral loads,
respectively, could have contributed to the death.

The main strengths of this study are the large cohort
size with a high number of events (deaths), as well as
detailed individual and institutional-level data for expo-
sures, confounders, and outcome ascertainment. No
losses to follow-up and rare missing data decreased the
likelihood of selection bias. Institutional factors such as
the presence of COVID-19 isolation area and air changes
per hour had not been previously studied, and the impact
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of medical treatments in long-term care settings (anticoa-
gulation, corticosteroids, fluid, and oxygen therapies)
were not well known. Furthermore, the baseline cohort
characteristics and the final results were in line with pre-
vious LTCF literature on COVID-19.

However, reproducibility of the chart abstraction pro-
cess was not measured. The charts of deceased versus
alive residents were assigned to different reviewers, none
of whom were blinded to the outcome, which could have
led to information bias and inter-reviewer differences.

Furthermore, the observational nature of the study
limits causal inference and the small number of LTCFs
limited the power of the institutional-level analysis. The
data being from the first wave, there was imprecision
(e.g., underdetection of mild and asymptomatic cases due
to deficient testing capacities) and the findings may be
less generalizable to subsequent waves. While some
unmeasured institutional variables (such as shared bath-
rooms) and individual variables (such as race) were not
controlled for, most known risk factors were included
and major residual confounding is unlikely. Finally,
while it is unlikely that vaccination alters the positive
associations found in this study, it is possible that the bal-
ance of risk factors has changed in the current post-
vaccine era.

Overall, the results of this study help fill research gaps
in long-term care settings. Anticoagulation could be an
essential therapeutic modality for severe cases, but clini-
cal trials are required for LTCF populations. Finding
solutions to staff shortages, especially for LPN, appears to
be a crucial step to prevent COVID-19 mortality, and
may also improve the overall quality of care. Smaller
facilities on a more human scale, such as the Green
House Project in the United States® and Dementia Vil-
lages in the Netherlands,> would have the double advan-
tage of decreasing occupancy density and enhancing staff
ratios, among other benefits. As the threat of new vari-
ants and future pandemics looms ahead, the potential
avenues identified in this study may contribute to better
protect the vulnerable LTCF population in the short and
long term.
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