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Objective: We analyzed predictors of SARS-CoV-2 infection and COVID-19 death
among residents of long-term care facilities (LTCFs) in Sweden for the pandemic
year 2020 and its different waves. Methods: The study included 99% of Swedish
LTCF residents (N = 82,488). Information on COVID-19 outcomes, sociodemo-
graphbic factors, and comorbidities were obtained from Swedish registers. Fully
adjusted Cox regression models were used to analyze predictors of COVID-19
infection and death. Results: For the entirety of 2020, age, male sex, dementia,
cardiovascular-, lung-, and Ridney disease, bypertension, and diabetes mellitus
were predictors of COVID-19 infection and death. During 2020 and the two
waves, dementia remained the strongest predictor of COVID-19 outcomes, with
the strongest effect on death being among those aged 065—75 years.
Conclusion: Dementia emerged as a consistent and potent predictor of COVID-
19 death among Swedish residents of LTCFs in 2020. These results provide
important information on predictors associated with negative COVID-19 out-
comes. (Am ] Geriatr Psychiatry 2023; 31:456—461)
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Highlights

¢ What is the main finding of this study?

¢ What is the meaning of the finding?

pandemics.

® What is the primary question addressed by this study?
This study examines predictors for SARS-CoV-2 infection and COVID-19 death among residents of long-term
care facilities, using Swedish nation-wide data for the whole pandemic year of 2020.

We found that several factors were associated with SARS-CoV-2 infection and COVID-19 death. All-cause
dementia was a particularly strong predictor of COVID-19 death, especially among those aged 65—75 years.

These results provide important information on individuallevel risk factors associated with negative
COVID-19 outcomes, which is essential for adequate risk management in LTCFs during this and future

INTRODUCTION

esidents of long-term care facilities (LTCFs) have

been severely affected by COVID-19,' but factors
associated with increased risk of infection and death
among this population have remained understudied.
Among individual-level factors, age, sex, impaired cog-
nition, diabetes, and kidney disease have been associ-
ated with risk of COVID-19 outcomes.! ™ However,
most previous studies have been confined to a short
period or a limited sample, or both, thereby reducing
the generalisability of their findings.

We aimed to fill these gaps by studying a host of
individual-level predictors of SARS-CoV-2 infection
and COVID-19 death using register data on almost all
individuals who lived in Swedish LTCFs from March
to December 2020. We analyze the first wave and the
first part of the second wave separately. To account
for age as a moderating factor, we also examined pre-
dictors of COVID-19 death in four age groups.

METHODS
Study Population

This Swedish study is based on data from the regis-
ter of Interventions for the Elderly and Individuals
with Disabilities, which comprised of 83,083 individu-
als with a government decision to live in LTCFs as of
February 2020." We had access to information from
registers for 82,488 of these individuals (99%), includ-
ing 27,542 men and 54,946 women. A detailed descrip-
tion of the registers used is found in Additional file 1.

Am J Geriatr Psychiatry 31:6, June 2023

The Ethical Review Authority of Sweden approved
the present study (dnr. 2020-06492 and dnr. 2021-
01115).

COVID-19 Outcomes

COVID-19 death was determined using informa-
tion from the Causes-of-Death Register (ICD10 codes
U07.1 or U07.2).

SARS-CoV-2 infection was determined using infor-
mation from the SmiNet database and the National
Patient Register (NPR) (ICD10 code U07.1 or U07.2).
Individuals with no information on infection in SmiNet
or NPR but with COVID-19 as an underlying or con-
tributing cause of death in the Causes-of-Death Regis-
ter, were also categorized as having been infected.

Sociodemographic Factors and Comorbidities

Information on age (number of years at the end of
2020) was obtained from the register of Interventions
for the Elderly and Individuals with Disabilities, edu-
cational attainment (compulsory or higher) was
obtained from Statistics Sweden, and comorbidities
from NPR and the Swedish Prescribed Drug Register
(Additional file 2).

Statistical Analysis

Cox regressions were used to analyze individual-
level factors in relation to SARS-CoV-2 infection and
COVID-19 death, presented as hazard ratios (HRs)
and 95% confidence intervals. The model included
age, sex, education, comorbidities, as well as region,
which was used as a proxy to adjust for the uneven

457



Predictors of COVID-19 Outcomes Among Residents

spread of infection among the 21 regions of Sweden.
Time at risk was calculated as time from March 1,
2020, until 1) date of COVID-19 infection and death,
2) date of death for non-COVID-19 deaths, 3) date for
those who no longer had a decision to live in LTCFs,
or 4) December 31, 2020, for COVID-19 free survi-
vors.

We also performed separate analyzes for the pan-
demic’s first wave (March 1-July 1, 2020), and the
first part of the second wave (October 1—December
31, 2020).

Finally, we performed the survival analyzes in four
different age groups (age 65—75, 76—85, 86—95, and
96—110 years).

RESULTS

The mean age of the 82,488 individuals who lived
in Swedish LTCFs in February 2020 was 86 years
(range 65—110 years). 49% had more than compulsory
education, 46% had dementia, 72% had cardiovascu-
lar disease, 18% had lung disease, 7% had kidney dis-
ease, 80% had hypertension, and 20% had diabetes
mellitus. Additional file 3 reports the descriptive sta-
tistics for multimorbidity.

During a mean follow-up of 248 days (SD 97 days;
20,460,428 person-days), 11,595 residents were diag-
nosed with COVID-19 and 4,072 died from it. For the
year of 2020, all individual-level factors, apart from
education, were associated with an increased risk of
infection and death (Fig. 1). Dementia and male sex
emerged as the strongest predictors of infection
(dementia: HR 1.25, 95% CI 1.20—1.29; male sex: HR
1.13, 95% CI 1.08—1.17) and death (dementia: HR
1.51, 95% CI 1.42-1.61; male sex: HR 1.73, 95%
CI 1.62—1.80).

Table 1 reports the results of the analyzes for two
waves of the pandemic. Dementia emerged as the only
consistent predictor of both infection (first wave: HR
1.09, 95% CI 1.04—1.15; second wave: HR 1.21, 95%
CI 1.14-1.28) and death (first wave: HR 1.25, 95%
CI 1.161-1.356; second wave: HR 1.56, 95% CI 1.399
—1.741), and male sex as a consistent predictor of death
in each of the waves (first wave: HR 1.33, 95% CI 1.23
—1.44; second wave: HR 1.81, 95% CI 1.62—2.03).

Additional file 4 reports results of the analyzes by
age group. It shows that for those aged 65—75 years,
dementia was the strongest predictor (HR 2.24, 95%
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CI2.77-2.82), while it was male sex for the remaining
age groups (76—85 years: HR 1.77, 95% CI 1.57—1.98;
86—95 years: HR 1.79, 95% CI 1.63—1.95; 96—110
years: HR 1.66, 95% CI 1.35—2.05).

Additional file 5 shows the results on individual-
level factors in relation to risk of non-COVID-19
deaths.

DISCUSSION

In this study, using data on almost all individuals
who lived in Swedish LTCFs in 2020, we found that
age, male sex, dementia, cardiovascular-, lung-, and
kidney disease, hypertension, and diabetes mellitus
predicted COVID-19 infection and death. Dementia
revealed itself as a consistent and potent predictor of
COVID-19 infection and death, with the strongest
effect on death among those aged 65—75 years. To the
best of our knowledge, this is the first study on resi-
dents of nursing homes with such large sample.

Our findings that age, male sex, and all six comor-
bidities predicted COVID-19 infection and death are
in line with results from previous studies.' ™~ By con-
trast, a study of 80 LTCFs in Spain from the first wave
did not find an effect from cardiovascular and lung
diseases on COVID-19 death.” One reason for the dis-
crepant results could be differences in follow-up time
(Spanish study: the first wave vs our study: the year
2020). Support for this comes from our finding that
cardiovascular disease was associated with reduced
risk COVID-19 outcomes in the first wave.

Furthermore, our finding that dementia was a par-
ticularly potent predictor of infection and death com-
pared to other comorbidities is also in line with
previous studies."”® A possible explanation for
increased risk of infection among individuals with
dementia could be their increased requirement for
assistance with daily routines, resulting in greater
exposure to infection from care personnel and/or rel-
atives.” In Sweden, visitation restrictions were
removed on October 1, 2020, which, in part, could
explain the higher predictive value of dementia on
COVID-19 death in the second wave compared to the
first. Also, the atypical clinical presentation of infec-
tion in people with dementia (e.g., delirium and wors-
ening of the general condition), could explain the
strong effect of dementia on COVID-19 death, since

Am J Geriatr Psychiatry 31:6, June 2023
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FIGURE 1. Hazard ratios (HR) and 95% Confidence intervals (CI) of the relationship between individual-level factors (age, sex, edu-
cation, dementia, cardiovascular disease, lung disease, kidney disease, hypertension, and diabetes) and risk of [A] SARS-CoV-2 infec-
tion (N=82,488, n events =11,595) and [B] COVID-19 death (N = 82,488, n events = 4,072) in a fully adjusted Cox regression model
(using R’s survival and survminer packages), including region of residence as a proxy for infection spread. The proportional haz-

ard assumption was met for all analyzes.

A:COVID-19 infection

Factors
Age ) —
Male
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Dementia T
Cardiovasc. T
Lung o
Kidney -
Hypert. T
Diabetes —

HR with 98% C1

B:COVID-19 death

Factors
Age ) ——
Male
Education 1
Dementia B
Cardiovasc. I
Lung e
Kidney -
Hypert. I
Diabetes —

HR with 95% CI

these symptoms may have hindered early detection
and treatment.”

Interestingly, we found that dementia was the
strongest predictor of death among those aged 65
—75 years, which could be due to the characteristics
of early onset dementia (e.g., faster progression in
early compared to late onset).” Contrarily, a UK Bio-
bank study reported a higher prediction of COVID-19
death among those aged >80 years.” A reasons for the
divergent results could be that we used a population

Am J Geriatr Psychiatry 31:6, June 2023

of LTCF residents examined for the whole year of
2020, whereas the UK Biobank study used a commu-
nity-living cohort examined between March 16 and
August 24, 2020.

The reported results should be addressed in light
of the study’s limitations. First, due to data limitations
we did not control for structural-level factors related
to LTCFs (e.g., facility size or personnel characteris-
tics) that may have affected the results. Nevertheless,
in a companion study with a more restricted sample,
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TABLE 1. Sociodemographic Factors and Comorbidities in Relation to SARS-CoV-2 Infection and COVID-19 Death Among Residents
of Long-term Care Facilities During the First and Second Waves

The First Wave

A: SARS-CoV-2 Infection N = 19,691, n Cases = 6,230 B: COVID-19 Death N =16,486, n cases = 2,686

HR (CD p-Values HR (CD p-Values
Age® 0.99 (0.987—0.993) <0.001 1.00 (0.999—1.010) 0.08
Sex, male 0.99 (0.939—1.047) 0.8 1.33 (1.232—1.4449) <0.001
Education, >compulsory  0.95 (0.902—0.999) 0.04 0.92 (0.853—0.998) 0.04
Dementia 1.09 (1.036—1.146) <0.001 1.25 (1.161-1.356) <0.001
Cardiovascular disease 0.91 (0.856—0.966) 0.002 0.92 (0.835—1.006) 0.07
Lung disease 1.00 (0.937—1.065) 0.9 0.97 (0.879—1.071) 0.5
Kidney disease 0.94 (0.862—1.035) 0.2 0.98 (0.863—1.117) 0.8
Hypertension 1.05(0.977—-1.119) 0.2 1.09 (0.979—-1.211) 0.1
Diabetes mellitus 1.01 (0.952—1.081) 0.65 1.14 (1.035—1.248) 0.007
The Second Wave
C: SARS-CoV-2 Infection D: COVID-19 Death

Age® 1.01 (1.008—1.015) <0.001 1.04 (1.037—1.053) <0.001
Sex, male 1.10 (1.034—1.166) 0.002 1.81 (1.616—2.026) <0.001
Education, >compulsory  1.02 (0.96—1.078) 0.5 1.02 (0.915-1.139) 0.7
Dementia 1.21 (1.14—1.279) <0.001 1.56 (1.399—1.741) <0.001
Cardiovascular disease 1.09 (1.017—-1.159) 0.01 1.25 (1.094—1.438) 0.001
Lung disease 1.14 (1.063—1.222) <0.001 1.36 (1.193—1.550) <0.001
Kidney disease 1.01 (0.899—-1.131) 0.9 1.09 (0.891—-1.338) 0.4
Hypertension 1.05 (0.975—1.128) 0.2 1.12 (0.963—1.303) 0.1
Diabetes mellitus 1.08 (1.006—1.158) 0.03 1.24 (1.085—1.416) 0.002

Hazard ratios (HR), their 95% confidence intervals (CD and associated p-values are estimated using fully adjusted Cox regression models (using
R’s survival and survminer packages), including region of residence as a proxy for infection spread. p-values are from z-statistics (z=coef/se(coef)).
The proportional hazard assumption was met for all analyzes, i.e., analyzes of SARS-CoV-2 infection by factors during the first [A] and second [C]

waves, and COVID-19 death by factors during the first [B] and second [D] waves.

* Age is the number of years.

in which structural-level factors were controlled for,
the results were similar to those presented here.*
Also, the inclusion of structural-level factors would
better address the uneven distribution of the virus
spread. However, given the lack of structural-level
data on all of the individuals in the present study, we
used region as a proxy for community spread, which
has been found to be a good predictor of infection
rates.*” Second, although Swedish health registers
are reliable and specific in detecting cases of demen-
tia, these sources underestimate the number of
dementia cases."’ This could explain the rather low
proportion of individuals with dementia in our study.
Third, in studies including individuals at higher ages
and examining diseases in late life, competing risk of
death due to causes other than COVID-19 may have
affected the results. However, the use of risk-time in
Cox regressions partly adjusts for this. Also, we found
that all predictors of COVID-19 death also predicted
death due to other causes, which most likely attenu-
ated the reported associations.
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Based on a large sample of the residents of Swedish
nursing homes, this study highlights the link between
dementia and the increased risk of severe COVID-19
outcomes for older people in LTCFs in the prevaccine
period of the pandemic and may inform decisions on
effective risk management and clinical care during
pandemics, as well as healthcare policy planning in
the future.
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